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RECONNAISSANCE STUDY OF HYDROGEOLOGY
OF THE

MACKENZIE RIVER VALLEY REGION

TERMS OF REFERENCE

Terms of reference for the present study were set out in a letter dated
August 10, 1971, from Mr. W. J. DuBroy, Purchasing Operations Branch,
Department of Supply and Services, Ottawa. Dr. R. L. Harlan, Groundwater
Subdivision, Inland Branch, Hydrologic Sciences Division, Environment Canada,
acted as Project Officer.

In Mr DuBroy's letter, it was stated that the final report on the ground-
water investigation should include:

1) A summary of relevant groundwater and geologic investigations in
the Mackenzie River Region and their findings, and

2) Reconnaissance hydrogeological maps prepared at a scale of

1:250,000 (approximately 1 inch = 4 miles) and reduced to 1 inch = 10 miles.
These maps should reflect:

a) General character and spatial distribution of the
surficial deposits

b) Areas of continuous and discontinuous permafrost

c) Regional recharge and discharge patterns and probable
groundwater flow regime

d) Location of potentially developable groundwater supplies.
In a letter dated February 8, 1972, Dr. R. L. Harlan noted several
additional points that he wanted us to consider in preparing our report on
the hydrogeology of the Mackenzie Valley Region. In this connection we were

requested to:

1) Select the locations of specific site-areas representative of
varying groundwater recharge-discharge regimes in different permafrost
environments in order to allow field inspection, limited drilling, and field
instrumentation with chservation wells and piezometers.



2) Comment on the research needs related to northern hydrogeology
in general and pipeline construction and operation in particular.

3) Comment on possible applications of special-purpose aerial
photography and other remote sensors in groundwater investigations in
permafrost-affected regions.

SIZE OF AREA STUDIED

Size of study—area was determined firstly by the probable limits of a
corridor that are believed to contain all likely transportation routes along
the Mackenzie River Valley at the time of study and, secondly, by the need to
show sufficient area to allow proper visualization of the regional geologic
setting and regional topography and hydrography as they influence groundwater
flow systems in permafrost—affected terrain.

The study-area selected is widest at the north, where the band of terrain
is nearly 120 miles in width. At its narrow points, the study—area is roughly
70 miles wide, or 35 miles on each side of the Mackenzie River on the average.

Generalized surficial geology maps, surficial hydrogeology, and bedrock
hydrogeology maps have been prepared to correspond with all or parts of the
following map sheets in the National Topographic Series System (see, also,

Fig 25).



Map number in National Topographic Series
this study map-sheet number
1 Sibbeston Lake 95 G
2 Fort Simpson 95 H
3 Bulmer Lake 95 1
4 Camsell Bend 95 J
5 Root River 95 K
6 Dahadinni River 95 N
7 Wrigley 95 0
8 Blackwater Lake 96 B
9 Fort Norman 96 C
10 Carcajou Canyon 96 D
11 Upper Ramparts River 106 G
12 Sans Sault Rapids 106 H
13 Norman Wells 96 E
14 Mahoney Lake 96 F
15 Lac Belot 96 L
16 Fort Good Hope 106 I
17 Ontaratue 106 J
18 Martin House 106 K
19 Trail River 106 L
20 Fort McPherson 106 M
21 Arctic Red River 106 N
22 Travaillant Lake 106 O
23 Canot Lake 106 P

MAIN SOURCES OF REFERENCE AND ASSISTANCE USED IN THE PRESENT STUDY

The following persons were contacted in connection with groundwater

studies in permafrost regions. Also mentioned briefly below is the purpose

in making each private communication.

1.

Mr. Paul Mascho

Department of Public Works
Government of Northwest Territories
Yellowknife, Northwest Territories

Purpose:

Mr. Sven

Records of drilling and well installation for water supplies
at Inuvik, Fort McPherson, Fort Good Hope, Norman Wells, Fort
Norman, Wrigley, and Fort Simpson. Communications documented
in this report -- see Appendix 'C'.

Lund

Lund Drilling
Yellowknife, Northwest Territories

Purpose:

Drilling problems and subsurface conditions at drill sites along
the Mackenzie River Valley. Communications documented in this
report -- see Appendix 'C'.



Mr. Lou Brears
M. R. Hall Drilling Ltd.
Regina, Saskatchewan

Purpose: Drilling results in vicinity of Fort Simpson, Northwest
Territories. Communications documented in this report ——
see Appendix 'C'.

Dr.J. Ross Mackay
Department of Geography
University of British Columbia

Purpose: Water—quality data pertaining to the Mackenzie River.
Dr. Mackay's water—quality studies concerned the mixing
of Liard and Great Bear River waters with those of the
Mackenzie River (see Appendix 'H').

Mr. John Piart, Surveyor
Federal Department of Public Works
Edmonton, Alberta

Purpose: To determine the location of springs along the banks of Mackenzie
River Valley since Mr Piart has spent nearly 20 summers on the
river. Mr Piart had observed no springs that were not already
mentioned in Brandon's paper.

Dr. Owen L. Hughes, Dr. Nat W. Rutter, Dr. Jim A. Code,

Dr. Pavel Kurfurst, Dr. Ralph M.S. Isaacs, Dr. Don K. Norris,
Dr. Chris Yorath

Geological Survey of Canada in Calgary and Ottawa

Purpose: Surficial and bedrock geology of the Mackenzie River Valley
Region. The several communications from these people were
helpful in preparing the surficial geology and bedrock hydro-
geology maps.

Mr. Steve Zoltai and Dr. Colin Crampton

Northern Forestry Research Laboratory, Edmonton,
and

Dr. J. Stan Rowe

Department of Plant Ecology N

University of Saskatchewan

Saskatoon

Purpose: Hydrology of peatlands in the discontinuous permafrost zone.
See Appendix 'D' on measurements of thermokarst lakes and
research on the geohydrology of peatlands.



a) Dr. Charles Slaughter
Water Resources Division
Department of Interior
Anchorage, Alaska

b) Mr. Don Morris
Water Resources Division
Department of Interior
Anchorage, Alaska

c¢) Dr. Bob Carlson
Institute of Water Resources
University of Alaska
College, Alaska

d) Dr. John R. Williams
U. S. Geological Survey
Boston, Mass.

e) Dr. Charles E. Sloan
Groundwater Geologist
Anchorage, Alaska

Purpose of enquiries: Groundwater publications and groundwater
research in permafrost regions. See
Appendix 'H', dealing with literature
digest. Several references obtained from
the above persons.

Mr. Leo V. Brandon
Regional Manager

Department of Indian Affairs and Northern Development
P. 0. Box 1767

Whitehorse, Yukon Territories

Purpose: Past studies of groundwater in the Yukon and Northwest
Territories. See section documenting private communication —--
Appendix 'C'.

. Mr. J. L. Jenness

Sidney River, Nova Scotia

Purpose: Report on drilling of water wells at Norman Wells, Northwest
Territories. Referred to other sources of assistance.
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12.

13.

14.

15.

Messrs. Stewart W. Reeder, Officer-in-charge,
Western Water Quality Region, and Paul Fee, in Calgary

and

Dave R. Silliphant in Regina
Water Quality Division
Inland Waters Branch
Environment Canada

Dr. L. Dennis Delorme and Dr. Robert O. Van Everdingen
Groundwater Subdivision, Hydrologic Sciences Division
Western Research Section

Inland Waters Branch

Environment Canada

Mr. J. N. Stein, Biologist

Pollution Control Section, Resource Development
Department of the Environment

Fisheries Service

Winnipeg

Purpose:

Water—-quality studies and analyses in the Mackenzie River

Valley Region. See section on water—quality characteristics —-
Appendix 'A.’

a) Mr. Rudy W. Klaubert, Ottawa

and

b) Mrs. V. Hewson, Calgary

0il and Gas Land & Exploration Section
0il and Gas Division

Northern Economic Development Branch
Ottawa and Calgary, respectively

1)

Purpose:

Publications and reports giving data based on oil-well drilling
along the Mackenzie River Valley. See Appendix 'B' giving
extracts from relevant data in oil-company geological reports
filed with the 0il and Gas Division, Northern Economic
Development Branch, Department of Indian Affairs and Northern
Development, Calgary.

Dr. Wayne Pettapiece, Pedologist
Soil Research Institute
Canada Department of Agriculture

Edmonton

Purpose:

Groundwater chemistry of surface waters, Sans Sault Rapids to
Fort McPherson region. Reported verbally that chemistry of
collected surface waters indicated they are essentially rainfall
and snowmelt in origin. Dr. Pettapiece ran about 50 specific
conductivity tests on waters in peatland ponds. The values
commonly ranged from 50 to 100 with an extreme low of 35 to 40
and with only one sample over 200 micromhos/cm.
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17.

2)

3)

4)

1

2)

1)
2)
3)
4)

Mr Orest Tokarsky, Hydrogeologist
Alberta Research Council

Purpose: Groundwater analyses in northern Alberta (see Fig 23).

Dr. Brian Hitchon
Alberta Research Council

Purpose: Water chemistry studies of northern regions.

Drs . George Ozoray and Joe Toth
Alberta Research Council

Purpose: Peatland hydrogeology in permafrost-affected terrain. See
section on geohydrology of peatlands and Fig 23. Private
communications with all five members of the Alberta Research
Council.

Dr. Les Lavkulich, Pedologist
University of British Columbia
Vancouver, British Columbia

Purpose: Soils in vicinity of Fort Simpson.

Mr. John H. Day, Pedologist
Soils Research Institute
Research Branch

Canada Department of Agriculture

Purpose: Soils along the Mackenzie River Valley. Communications
useful in reconnaissance mapping of surficial geology.

Mr. Robert W. May, District Engineer, Calgary

Mr. Kelt F. Davies, Area Engineer, Calgary

Mr. Walter N. Nemanishen, Study Engineer, Calgary

Mr. E. Dave Fowler, Officer-in-charge, Fort Smith, Northwest Territories
Environment Canada

Water Survey of Canada

Inland Waters Branch

Purpose: Streamflow data, riverbed erosion, water—quality data.
See Appendix 'A.'



The following available reports and maps were consulted during
preparation of this report and accompanying maps:

1. The Development of Sedimentary Basins in Western and Arctic
Canada (1969), by P. A. Ziegler,Alberta Society of
Petroleum Geologists, Calgary.

2. Regional Devonian Geology and 0il and Gas Possibilities, Upper
Mackenzie River Area (1971), by James Law, Bull. of Can.
Pet. Geol. Vol. 19, No. 2.

3. Facies and Faunal Relations at Edge of Early Mid-Devonian
Carbonate Shelf South Nahanni River Area, N W T (1971),by

J.P.A. Noble and R.D. Ferguson, Bulletin of Can. Pet. Geol.
Vol. 19, No. 3.

4. TReconnaissance Geology, Southern Great Bear Plain, District of
Columbia (1971), G S C Paper 71-11, by H.R. Balkwill.

5. The Lower Mackenzie River Area, N W T and Yukon (1954), G S C
Memoir 273 and maps by G. S. Hume, Pub. No. 2513.

6. Virginia Falls and Sibbeston Lake Map-Area, Northwest Territories,
G S C Paper 60-19, by R.J.W. Douglas and D. K. Norris; reprinted
in 1970 along with Maps 22-1960 and 23-1960.

7. Camsell Bend and Root River Map-Areas, District of Mackenzie,
Northwest Territories, Report, 2 maps, 2 figures, G S C Paper
61~-13 by R.J.W. Douglas and D.K. Norris; reprinted in 1970
along with Maps 22-1961 and 23-1961.

8. Subsurface geology, Lower Mackenzie River and Anderson River Area,
District of Mackenzie (1969), G S C Paper 68-25 by E.J. Tassonyi;
includes report and 11 figures on stratigraphic correlation
charts, cross-sections, and comparative formation nomenclature
for the Upper and Lower Mackenzie River Valley Regions.

9. Hydrographic maps of the Mackenzie River from Mile 200 at Fort
Simpson to the delta of the Mackenzie River (1970); published
by the Canadian Hydrographic Service, Marine Sciences Branch,
Department of Energy, Mines and Resources, Ottawa.

10. Glacial Lake McConnell and the Surficial Geology of Parts of Slave
River and Redstone Map-Areas, District of Mackenzie (1965),
G S C Bull. 122 and map, by B. G. Craig.



11. Reconnaissance Surficial Geology Maps, on open file at the

o

Geological Survey of Canada, and covering the following
National Topographic Series map sheets:

Dr. O. L. Hughes: 106 H, 106 G, 96 C, 96 D, 96 E
(scale: 1 inch = 4 miles)

Dr. R. J. Fulton: 106 0, 96 E, 96 F, 96 L, 106 I,
106 J, 106 P
(scale: 1 inch = 4 miles)

Drs. 0. L. Hughes and
V. N. Rampton: 106 M, 106 N, 106 L, 106 K, 106 E,
106 F
(scale: 1 inch = 4 miles)

12. Ground-Water Hydrology and Water Supply in the District of Mackenzie,

Yukon Territory and Adjoining Parts of British Columbia (1965),
by L. V. Brandon, G S C Paper 64-39; report includes 25 figures,
3 plates, and 14 tables.

13. Soils of the Upper Mackenzie River Area, N W T, by J. H. Day, Soils

Research Institute, Central Experimental Farm, Research Branch,
Canada Department of Agriculture, 1966.

14. Reconnaissance Soil Survey of the Liard River Valley, N W T, by
J. H. Day, Soils Research Institute, Central Experimental Farm,
Research Branch, Canada Department of Agriculture, 1966.

15. Schedules of Wells, Northwest Territories and Yukon Territory,

Federal Department of Indian Affairs, Ottawa, Ontario.

The following scales of contact aerial photographs and mosaics were used

to help prepare the accompanying generalized surficial-geology map, surficial-

hydrogeology

1.

map, and bedrock-hydrogeology map:

Contact aerial photographs at an approximate scale of 1 inch =
3300 feet; obtained from the National Air Photo Library in
Ottawa.

Two flight lines of colour infrared (false colour) aerial
photographs that were taken along both sides of the Mackenzie
River between Sans Sault Rapids and Fort Simpson, with a short

gap in the photography near Wrigley; at an approximate scale
of 1 inch = 2000 feet.

Aerial mosaics at scales varying from 1 inch = 4.5 miles to
1 inch = 6.5 miles, approximately.

Aerial mosaics at a scale of 1 inch = 2 miles, approximately.
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As part of this reconnaissance groundwater study, an attempt was made to
obtain available literature containing findings relevant to groundwater and
related geological investigations in the Mackenzie River Valley Region of the
Northwest Territories. Altogether over 80 literature references were obtained,

and abstracts of this literature are summarized in an accompanying Appendix.

APPROACH TO PREPARATION OF THE ACCOMPANYING MAPS

All available non-confidential geological maps and reports that could be
procured were used as a framework and guide to initial mapping of the surficial
and bedrock geology. These were used in conjunction with the study of contact
aerial photographs and aerial mosaics at one or more scales. An attempt was made
to examine the more critical areas stereoscopically using 1 inch = 3300-foot
contact aerial photographs. Generally such areas are located within what is
likely to be the main transportation corridor, which follows lowland regions.

On the other hand, highland watersheds likely to contribute groundwater recharge
were also studied -- mainly in aerial mosaics and on regional geological maps.
In other words, a large proportion of the 50,000 square mile study—-area was
examined only in mosaics and geological maps and not in stereoscopic pairs of
contact airphotos.

Because of the significance of heat-flow and groundwater movement in areas
underlain by widespread permafrost in the discontinuous permafrost zone, colour
infrared photographs were purchased and studied because they frequently disclose
the stress effects of plants that are affected by shallow active layer, fire,
disease, insect, and other adverse environmental factors. It was suspected that
the type, stature, density, and stressed condition of vegetation would all
indicate something useful about the nature of local heat-flow patterns and

prevailing groundwater flow regime.
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Thus the three sets of maps that were produced from office study alone
include material that was either traced or interpreted from different scales
and types of geological, soil, and hydrographic maps as well as aerial mosaics,

conventional panchromatic airphotos, and colour-infrared photography.

REGIONAL AND LOCAL CLIMATIC AND PERMAFROST CONDITIONS

Regional conditions (see Fig 24)

a) From Fort McPherson to Sans Sault Rapids across the Peel Plateau and Peel Plain

The mean daily temperature in January is less than -20°F and in April is
between 10° and 15°F. There are about four months of growing season and an
average of five months when the temperature is 0°F or lower. Mean annual number
of days of measurable snowfall is 60; and of measurable precipitation, 110 days.
Mean annual total snowfall is 50 inches, about the same as Calgary and Edmonton.
Mean date of the last snow cover of 1 inch or more is May 20. One can expect
about 220 days with 1 inch or more of snow cover and a maximum snow cover of
around 30 inches. Mean annual precipitation ranges between 11 and 13 inches.
Permafrost may be 300 to 400 ft thick in vicinity of Fort McPherson depending
on the site tested.

The "Permafrost Map of Canada™ shows the Peel Plateau and Peel Plain to be
underlain by widespread permafrost in the discontinuous permafrost zone. However,

in virtually all areas covered by Sphagnum moss,lichen (Cladonia spp.), and

. . o .
black spruce thepermafrost is continuous north of the 20 F mean annual air iso-

therm —- i.e., between Fort McPherson and Sans Sault Rapids. Yet wherever there
has been long-standing water on the ground surface -~ seemingly regardless of the
size or depth of the water body —- the permafrost appears to have degraded to

depths of 20 to 40 feet or greater. The great preponderance of these unfrozen
"windows'' are located below elevation 400 feet in what is believed to be

essentially continuous permafrost.
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b) From Sans Sault Rapids to Fort Simpson along the Mackenzie Plains

The January mean daily temperature varies from -20°F at Sams Sault Rapids
to —-15°F at Fort Simpson. Mean daily temperatures in April vary from 15°F at
the north end to 25°F at the south end of the Mackenzie Plains.

Mean annual number of days with a minimum temperature of 0°F or lower
varies from about 150 days at the north to about 110 days at the south end. The
mean annual length of growing season varies from 120 days in vicinity of Sans
Sault Rapids to 140 days in vicinity of Fort Simpson. Mean annual number of days
with measurable snowfall is 60 and with measurable precipitation is 100. Mean
annual total snowfall is 50 inches and mean annual total precipitation is about
12 inches. Mean date of the last snow cover of 1 inch or more is May 20 at
Sans Sault Rapids and is April 30 at Fort Simpson. Mean annual maximum depth of
snow is 30 inches and this is quite consistent along the entire Mackenzie Plains.
But the mean annual number of days with snow cover of 1 inch or more varies from
230 days at the north end to 180 days in the south end of the Mackenzie Plains
(see Fig 24).

The Mackenzie Plains lie between the 20° and 25°F mean air isotherms. This
region is underlain by widespread permafrost in the northern part of the
discontinuous permafrost zone. The mean annual air temperature at Norman Wells
is 20.8°F and at Fort Simpson it is 20°F. Recorded mean annual ground temperatures
at 0 to 5 feet at Fort Simpson range from 33.2° to 35.4°F. At a depth of 50

to 100 feet at Norman Wells, recorded mean annual ground temperatures range from

26°

to 28.5°F. Permafrost thickness is 150 to 200 feet at Norman Wells and some
40 feet thick at Fort Simpson.
The active layer is 3 to 5 feet at Norman Wells and 5 and 10 feet at Fort

Simpson. Under well insulated, densely shaded sites, however, the active layer



13.

is probably less than 2 or 3 feet thick —--even at the very southern end of
the Mackenzie Plains. But below more open stands of taller trees at this
latitude, the active layer may be 4 to 6 feet below ground surface. Because
there appears to be a noticeable change in tree species and canopy density in
vicinity of Norman Wells, one might expect that permafrost is more widespread
and that ground temperatures are colder between Sans Sault Rapids and Norman
Wells than they are south of Norman Wells along the Mackenzie River Valley.

Local conditions

Although essentially continuous permafrost exists within several inches to
a few feet of ground surface below vegetation-covered lowland areas between
Fort McPherson and Fort Simpson, many localized areas and situations occur where
permafrost either exists at several tens of feet or is absent altogether. It
is important that these special terrain situations be recognized, for they are
likely to have a bearing on groundwater hydrology. In fact, the three attached
maps must be studied with these terrain settings in mind because most of the
degraded permafrost sites are too small in size to show at map scales of 1 inch =
4 miles and 1 inch = 10 miles, respectively. These local topographic, drainage,
geologic, and vegetation settings are listed below. While the list below may
not be complete it is believed to represent the common occurrences of locally
depressed permafrost tables and places where permafrost is absent within essentially
continuous permafrost. These "windows' in the permafrost table may be sites
of localized groundwater recharge or discharge. They may function as both recharge
and discharge areas at different times of the year, depending on their local
hydrologic setting within the regional groundwater flow system.

The following local hydrogeologic sites and settings correlate with
significantly depressed permafrost tables and/or absence of permafrost (i.e.,

windows) :
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1. Large lakes and active river channels (Figs 1, 2, 4, 5, 6, 7, 11).

2. A variety of thermokarst depressions including small thaw lakes,
pools, and ponds. They are characterized by standing still water or by sluggish
surface and slow groundwater movement (Figs 3, 4, 5, 7, 8, 9, 10).

3. A variety of wetlands underlain by peat and supporting characteristic
vegetation (peatlands), such as a) patterned fens and b) small windows and
collapse scars in bogs that have a water table at or locally above ground surface
for most of the year, the latter usually occurring in extensive peat plateaus.

(The terms "wetland," "peatland," "fen," and "bog" are defined later in this
report.)

4. Temporarily abandoned straight and serpentine back channels on

floodplains, oxbow lakes, and active distributary channels on alluvial fans and
deltas (Figs 4, 5, 6, 12).

5. Periodically inundated river point-bars that repeatedly receive a
cover of fresh silt sediment and which support tall large-diameter white spruce
and balsam poplar along with dense willow thickets (see Figs 1 and 5).

6. South-facing sunny slopes that receive unusually large amounts of
solar radiation (see Fig 6).

7. Naturally or artificially cleared areas where the vegetation and
underlying peat layer has been removed and the permafrost table has degraded.
Special situations are landslides and sloughing banks, especially on south-
facing and west-facing slopes, active lateral river erosion and undercutting of
south—- and west—-facing valley banks, and roads, trails and village areas where
the vegetation and peat have been stripped and the underlying mineral soil left
exposed to the sun (see Figs 4 and 6).

8. Well-drained elevated landforms underlain by thick, clean and
permeable granular materials. In these landscapes the water table is deep and

the soils may be dry frozen on shaded slopes and unfrozen on sunny slopes
(Figs 5 and 11).

9. Exposed bedrock outcrop with no soil or vegetation cover and mainly
in topographic situations that receive large solar radiation inputs (Fig 1).
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REGIONAL AND LOCAL GROUNDWATER RECHARGE AND DISCHARGE SYSTEMS

Regional groundwater flow systems along the Mackenzie River Valley are
controlled mainly by large-scale topographic features like mountains, plateaus,
lowland plains, and major river valleys (see Figs 14, 15, 16). On a regional
scale the groundwater table is believed to mirror the surface topography, with
highlands being dominantly groundwater recharge areas and lowlands and major
river valleys being dominantly groundwater discharge areas (see Appendix 'A': water
quality vs streamflow). Even though this seems to be the general situation,
there can be exceptions. For example, at certain times of the year some of the
rivers may discharge into underlying aquifers and build up groundwater mounds
beneath the river -- the groundwater flowing away from the river channel rather
than toward it (private communication from Dr. C. E. Sloan, concerning rivers
in central Alaska). Any such groundwater mounding beneath large rivers usually
builds in summer. In order to verify this condition in specific cases, piezometers
measuring deep groundwater level measurements are necessary.

Examination of chemical analyses of river water quality reveals that the
total dissolved solids increases with decreases in surface runoff -- that is, at
times of the year when there is a proportionately greater contribution of groundwater
containing higher concentrations of dissolved minerals. At least this seems to be
the situation in the case of the Peel. Arctic Red, Liard, and other rivers (see Appen-
dix 'A' on water quality versus streamflow). It may be that the lower reaches of
the major tributaries are recharged by groundwater whereas parts of the Mackenzie
River lose water to deep alluvial strata. One might suspect that part of a river
channel may receive groundwater recharge whereas other parts of the same river
channel may recharge aquifers beneath them -- and these recharge/discharge regions
may operate seasonally. We consider such possibilities should be carefully studied.

A proper understanding of them necessitates further research.
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Based on our present knowledge it seems that major streams arising in the
Mackenzie Mountains are fed primarily by rainfall and snowmelt runoff whereas
streams and major rivers crossing the North Slope of Alaska and the Yukon are
fed partly by thermal springs in watersheds along the north side of the
Brooks Range and British Mountains -- well within the continuous permafrost zone
(private communication from Dr Peter McCart, fish biologist). Thermal springs
feeding rivers crossing the Arctic North Slope probably have a deep-seated
bedrock source along lines of tectonic weakness; and while similar thermal
springs exist along the Mackenzie River Valley (Mountain River at lat. 65025';
long. 129010'; 01d Fort Island and Roche-qui-a-1'Eau) they seem to be much less
common in occurrence. Temperature of groundwater at the spring at Roche-qui-
Trempe-a~-1'Eau, N W T, is 70° - SOOF; and temperature of the spring at Old Fort
Island, 53°F (after L. V.Brandon). (See,also, "Groundwater in Canada,'" Economic
Geology Report No. 24, edited by I.C. Brown (1967), pp. 185, 186.)

On a more local basis it is likely that there is little or no direct
recharge to groundwater from areas underlying sloping fine-grained surficial
deposits (lacustrine, till) that are relatively dry and support a tree cover of
stunted black spruce and a ground cover of Sphagnum moss and/or Cladonia, the
latter mainly reindeer lichen (Figs 2 and 10). This accounts for most of the
mineral soil upland and extensive peat plateaus, excluding in the latter small
unfrozen windows and collapse scars and, for the most part, elongate channelways
occupied by ribbed fen. Within these latter isolated wet places in peatlands
it is difficult to predict confidently if (and at what time of year) these
unfrozen "windows' in the permafrost act as groundwater recharge or groundwater
discharge areas. Nor is it perfectly clear just how such localized groundwater
flow regimes change with changes in latitude and altitude between Fort McPherson
and Fort Simpson. These are matters of continuing hydrogeological and geohydro-

logical research in peatlands occurring within the discontinuous permafrost zone.
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From inspection of conventional (panchromatic) aerial photography, black-
and-white infrared aerial photography, false-colour (colour-infrared) aerial
photography, and colour-infrared ground photography it would seem that the
following hydrogeological relationships exist; but they must still be tested

under varying field conditions:

1. There seems to be a noteworthy change in groundwater hydrology,
natural vegetation, and peat depth in comparable geological, topographic, and
drainage conditions between the continuous permafrost zone on the Peel Plateau
west of Fort McPherson (say above about elevation 1500) and the discontinuous
permafrost zone on the Peel Plain east of Fort McPherson.

2. On the Peel Plain and Peel Plateau between Fort McPherson and
Sans Sault Rapids, many of the thermokarst features (lakes and ponds) seem to
be reducing in size as a result of "new'" permafrost aggradation around their
shorelines. Thus there is probably very little groundwater recharge from
standing water in the unfrozen "windows,'" the chimneylike cylindrical walls of
which are likely to be nearly vertical (private communication from S. Zoltai
and testhole logs and probings studied by the authors). Computations of changes
in lake widths were made in area in vicinity of Fig 2 but results were inconclusive
(see Appendix 'D').

3. The northern portion of the Mackenzie Plains extending from Sans
Sault Rapids to roughly Great Bear River appears to be a transitional zone in
which thawing (permafrost degradation) is occurring around some thermokarst
features and freezing (formation of '"new'" permafrost) is occurring around others.
In fact, we believe that segments of shoreline on a single thaw pond or lake
(thermokarst depression) may be melting (naturally retrograding) whereas other
segments of the shoreline on the same lake or pond may be stable (in equilibrium)
or possibly freezing (permafrost aggradation). See Fig 3. These suspicions
should be checked by properly controlled field research programs.

4. The southern portion of the Mackenzie Plains, especially around
and south of Fort Simpson, seems to be situated in an area where the thermokarst
features are actively melting (permafrost degradation). In this region,
groundwater probably moves from ribbed fens and small treeless near—circular
collapse scars out into unfrozen peat beneath frozen peat plateaus and underlying
unfrozen mineral soils. Groundwaters within ribbed fens probably moves downslope
within subsurface fen peat (see Figs 8 and 9).

Because it is possible that unfrozen ''collapse scars' in frozen peat
plateaus (ice-rich peat) and unfrozen ribbed fens surrounded by sloping frozen
impermeable peatlands (Fig 9) may be either local groundwater discharge or
recharge sites it will be necessary to install nests of piezometers in and around
these thermokarst features and measure them several times a year to determine what
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is taking place seasonally and with regional changes in latitude and altitude.
The groundwater and heat flow measurements should also be related to physical
characteristics of the thermokarst feature.

Current differences of opinion as to the origin of thermokarst
features may be related to seasonal effects, to latitude and altitude, soil
texture and slope position and in turn to geohydrologic flow systems within
the widespread permafrost region within the discontinuous permafrost zone
(see section in this report dealing with suggested research).

EXPLANATION OF THE SURFICIAL GEOLOGY MAP AND LEGEND

The generalized surficial geology map shows the inferred origin,
compositional character, and spatial distribution of surficial geological
deposits. These deposits are shown on maps having scales of 1 inch = 4 miles
and 1 inch = 10 miles, respectively, as well as on twenty-three (23) 8%-inch x
11-inch-sized pages at the back of the report. The assembled map sheets at
scale 1 inch = 10 miles and covering the entire study-area are contained in
a map pouch at the back of the report. This composite map has been made by
splicing together the individual 1 inch = 10 mile maps. Four sets of the
composite surficial geology maps have been coloured.

The mode and environment of sediment deposition as well as the lithology
and stratigraphy of the various map-units may be inferred from the legend
shown on each map-sheet. There are advantages to this kind of presentation
for the hydrogeologist. For example, the map reader studying an area of ground
moraine (G) exhibiting streamlined ice-flow features will know that if the till
is derived from shale (from reference to the bedrock hydrogeology map) the
subsoils will be homogeneous, exhibit very low permeability, and will act as
an aquiclude or aquitard even though the till sheet may contain randomly
distributed inclusions of sand and gravel. The map-unit G frequently contains
patches of lacustrine silty clay and clayey silt to elevation 600 ft and even

above this elevation locally. However, if well-defined glacially streamlined

forms were apparent in the photos, we mapped the area as ground moraine. In
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the complex mapped as N it is not possible to separate the islands of till and
surrounding waterlaid sand, silt and clay.

Lacustrine deposits (L) will be massive to varved and laminated,and even
though predominately silt and clay in texture these sediments will contain some
fine sand seams and partings. Map-unit L is finely layered, represents
deposition in a deeper offshore glacial-lake environment, and generally occupies
poorly-drained lowland areas. On slopes in former lakebed areas there are few
thermokarst depressions; but in poorly drained flatlands they are numerous.

These sediments do not contain commercial quantities of groundwater. They are
finely stratified, exhibit low permeability, are only unfrozen where there is
standing water (thermokarst lakes), and generally contain high and highly variable
ice contents. Silty and clayey deposits in L interfinger with lake-deltaic sand
and silt, marked D, and in many places it is difficult, if possible, to define

the boundary between L and D without extensive testhole drilling and detailed
sample inspection.

Surficial deposits marked F are subject to flooding, sudden changes in erosion
and deposition, are permeable, and potentially may store large quantities of good
quality groundwater. Glaciofluvial terraces and outwash plains appear to be
dominantly sandy rather than gravelly.

The various surficial geology map-—units have been grouped hydrogeologically
(see following section). Descriptions below each map-unit allow such grouping.

Fig 25 is a key map showing the locations of individual 8%" x 11" surficial

geology maps numbered 1 to 23, respectively.
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EXPLANATION OF THE SURFICIAL HYDROGEOLOGY MAP AND LEGEND

An attempt has been made to group the surficial geology map-units into
hydrogeology map-units, still retaining the symbols used on the surficial
geology map showing the general character and distribution of the surficial
deposits. Grouping is based on anticipated quality and quantity of groundwater
that might be developed from individual wells assuming that a proper exploration,
testing and well construction program is carried out. The inference here is that
the groundwater investigation be carried out by a competent water—-well driller
under the supervision of an experienced hydrogeologist. The surficial hydro-
geology map is intended as a groundwater probability map of surficial deposits
and a guide to groundwater exploration.

It was considered desirable to retain the map-unit boundaries shown on the
surficial geology map in preparing the surficial hydrogeology map because certain
landforms that have been grouped together may, upon detailed drilling and well
testing in the field, prove to yield slightly better quantities and qualities of
water than other units in the group. The more promising map-units can then be
easily recognized and separated out.

Because the number of tested water supplies are extremely limited for such

a large area —— less than a dozen small sites in an area extending over 50,000
square miles —— the estimates given for probable maximum yields and anticipated
water quality must of necessity be largely "educated guestimates.'" It should

also be stressed that the safe yield figures given are not absolute maximum values
but probable maximum estimates. Moreover, the figures do not refer to the safe
yield from a well drilled at random in a particular map~unit, but rather to the
results of a properly organized and conducted test—drilling program supervised

by an experienced, competent hydrogeologist after he has first carried out a
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detailed field-geological reconnaissance of the study-area. This definition

of hydrogeological map—units applies to groundwater exploration in the
Mackenzie River Valley as it does to groundwater investigations on the Prairies,
where as many as a dozen or more testholes may be drilled at carefully pre-
selected test sites before the site for a permanent well site is discovered, and
a well is installed, developed, and put into production. It is important that
the reader interpret the hydrogeological map in this context.

Data in the map legend suggest that the best water-supply prospects are
located in wide braided rivers —- especially below river bars on the active
floodplain, beneath frequently inundated abandoned back channels on the inactive
flood plain, and below wooded islands surrounded by coarse sand and gravel
channel-lag alluvial deposits. This map-unit is marked F. The next best
commercial sources of groundwater are probably large freshwater lakes (marked
"lakes"), followed by sand and gravel outwash and terrace deposits where these
glaciofluvial deposits are sufficiently low-lying to be recharged from lakes
and rivers. These deposits are marked O and T. They are considered to be
better groundwater prospects than the group of landforms that include A, E, D,
W, I and C. These coarser—textured deposits are likely to yield small water
supplies only where they happen to be unfrozen —-- for example, a) below south-
facing slopes, b) around the margins of large water bodies such as lakes,
creeks, and rivers, and c¢) where the landforms are traversed frequently by
surface runoff.

Springs should always be examined in the field; we were able to detect a
very limited number only owing to the small scale of aerial photography
examined. Twenty-three individual 8%" x 11" surficial hydrogeology maps follow

the surficial geology maps and occupy similar areas (see key map in Fig 25).
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EXPLANATION OF THE BEDROCK HYDROGEOLOGY MAPS AND LEGEND

An attempt was made to show generalized groups of sedimentary rock
map-units considered significant in understanding regional groundwater flow
systems (see Appendices 'F' and 'G'). The twenty-three 8%"' x 11" maps at
the end of this report contain information on 1) general topographic position
of the various map-units, 2) tectonic history as related to degree of structural
disturbance and thus secondary (fracture) porosity and permeability, 3) lithology
and stratigraphy as they effect the primary (intergranular) permeability of
varying strata (e.g., shale versus sandstone), 4) environment of sedimentary
deposition as this affects rock type and quality of water that has migrated
through these bedrock sediments. For example, one may anticipate sulphate waters
in gypsiferous marine shale formations and carbonate—-anhydrite formations,
sulphate and chloride waters in formations that contain gypsum, anhydrite, and
salt beds; and hard bicarbonate waters in dolomite and limestone beds. Better
quality waters may occur in broken, brecciated, and basal zones in fresh-water
(i.e., non-marine) sandstones having favorable secondary (fracture) porosity and
- permeability resulting from Early Tertiary crustal disturbances. Anticlinal
and synclinal folds and major thrust faults are associated with Late Laramide
orogeny, which occurred some 50 million years ago.

The bedrock hydrogeology map at a scale of 1 inch = 10 miles shows
1) contours, 2) different ages of the various sedimentary-rock formations,
3) lithology (rock type) and stratigraphy (layering and interbedding) of the
map—-units to the extent possible at a scale of 1 inch = 10 miles, 4) environment
of sediment deposition such as mainly marine or mainly non-marine, 5) regional

bedrock structures (synclines, anticlines, and major thrust faults).
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The more productive aquifers are likely to occur in thick uncemented
Tertiary sand and gravel (T); in thicker and coarser non-marine Cretaceous
basal sandstone beds; in more fractured and porous zones in Devonian sandstone,
limestone and dolomite rocks marked Dm, Dmk, Dmh, Dmbr, Duu, Duk, Dutt; and in
Ordovician, Silurian and Cambrian strata shown as 0S and OSk, €ca. Of these
the Bear Rock, Nahanni and Kee Scarp Formations are probably the most permeable
bedrock formations in the Mackenzie Valley region and they therefore represent
potentially major bedrock aquifers. They show up on the bedrock hydrogeology
maps as Dmbr, Dm, Dmk and Dmki map-units.

If the groundwaters have travelled very far through these rocks the water
quality is likely to be poor (generally high in sulphates -- i.e., "sulphurous"),
for it is believed that there is a close asscciation between water quality and
rock type through which the groundwater has migrated. Likewise, there appears
to be a close correlation between water quality and magnitude of streamflow.
Water quality and water temperature in bedrock also varies markedly with depth.

The occurrence of large flows of saline water in deep bedrock zones, as
evidenced by deep boreholes, large saline springs, and well-developed sinkholes
suggest groundwater movement within the deeper bedrock strata. One of the
largest areas of widespread solution of carbonate and evaporite rocks occurs
east of Fort Good Hope and north of Norman Wells. Here widespread collapse
structures have been reported. Whether or not these structures result from the
widespread solution of anhydrite beneath less soluble dolomite beds of the Bear
Rock Formation is unknown; but this possibility is suspected by the writers
(see, also, the location of sinkholes on the surficial-geology map).

Generally poor quality groundwater may be expected from the following
formations K1, K1f, K, Dur, Dus; Dm (sulphate waters), Dmc (sulphate waters),
Dmki (sulphate waters), Dmbr (sulphate waters, locally), OSk (sulphate waters)

and €cs (sulphate and/or chloride waters).
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GROUNDWATER DEVELOPMENT PROBLEMS
The following potential problems should be considered in exploring,
testing, and developing groundwater sources along the Mackenzie River Valley
(see, also, Appendix 'C' summarizing private communications from Mascho, Lund,
and Brandon as well as literature digest, Appendix 'H'):

1. Much of the groundwater found in fine-grained glacial-drift
deposits and in the underlying bedrock is likely to contain high sulphate,
chloride, iron, and manganese contents.

2. Groundwater quality is likely to vary seasonally with stream
discharge and also with the chemical composition of the rock strata through
which the groundwaters have moved.(see Figs 28 and 29).

3. Small groundwater sources located remote from major rivers and
lakes may be depeted with continued pumpage because sources of recharge may be
cut off by permafrost barriers.

4. Groundwater qualities may also deteriorate with continued usage
and are likely to vary widely with depth below ground surface.

5. Freezing of water wells may be a problem in some localities; and
in certain cases it may be necessary to operate the well continuously or,
alternatively, install some suitable built-in heating unit.

6. Because suprapermafrost aquifers often tend to be thin and occur

in local and regional topographic depressions, contamination of groundwater
can be a serious problem.

7. Icing conditions at faults and joint fissures, at the contacts of
water-bearing fissured sandstone or porous limestone over shale, and at springs
at the contact of sand and gravel beds over clay, till or shale can build up
ice mounds a few to several tens of feet thick. These ice mounds may even
interfere with the normal pattern of surface runoff because of delayed runoff
associated with temporary storage above the ice dams (private communication from
Dr Charles Slaughter, Alaska).

8. The better groundwater prospects are located along major rivers
that experience highly variable discharge and consequent shifting of the river
channel along with excessive, and destructive, lateral erosion and temporary
deep channel bed degradation. Probable maximum depth of riverbed degradation
during high floods is therefore an important consideration in the installation
of Ranney-type collector systems. Considerable ingenuity will be required in
the design of collectors and wells to tap water in unfrozen deep sand and gravel
strata and yet not be removed and destroyed by river erosion (private communications
from L. V. Brandon, C.E. Sloan, and Appendix 'H').
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SELECTION OF POSSIBLE SITES FOR HEAT-FLOW AND GROUNDWATER FLOW RESEARCH

Sites selected for the measurement of heat flow and groundwater movement
are best illustrated by means of selected panchromatic and colour infrared
aerial photographs. 1In this way, specific terrain features can be identified
and discussed. If research programs are implemented, it will very likely be
necessary to install nests of piezometers at different depths below ground level
and at different distances back from the margins of thermokarst features as well
as within some of these features. Accordingly, the recognition of these
terrain features in airphotos is important.

Alternate site-areas for prospective groundwater research are shown on
Figures 1 to 13 accompanying this report. Listed below are the figure numbers,
hydrogeological research objectives, and general locations (see, also,

Appendix 'B').

Fig 1. Determine size, shape, and hydrology of aquifer (thawed area)
in sand dune (S) at 01d Fort Point south of Fort Norman: on the east bank of
the Mackenzie River. Panchromatic airphoto. Observe details of stratigraphy
in exposed river bank and strata from which water is seeping.

Fig 2. Determine local heat-flow regime and possible permafrost
aggradation around lakes on Peel Plain west of Arctic Red River. Panchromatic

airphotos. Explain dark rims around these lakes.

Fig 3. Measure suspected localized permafrost melting (pink vegetation)
around thaw lakes in vicinity of Wrigley. Colour-infrared airphoto.

Fig 4. Monitor heat flow and water movement and water/ice relationships
on and around islands in the Mackenzie River near Norman Wells. Colour~infrared
airphoto. Correlate man-induced effects and changes in the hydrology of the
active layer.

Fig 5. Relate groundwater movement and heat flow to vegetation type,
soil and rock type, hydrographic and topographic settings. Along the Lower
Carcajou River east of West Mountain. Colour-infrared airphoto.

Fig 6. Compare groundwater regime and active-layer thickness in east-
facing versus west-facing slopes and effects of differences in solar radiation
on permafrost thawing, plant stress, and slope instability (at white arrow).
This area is also located on the Carcajou River Valley, west of the Canol Road.
Colour-infrared airphoto.
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Figs 7, 8 and 9. Study the hydrology of 1) patterned (ribbed) fens
(unfrozen), 2) wooded peat plateaus (frozen), and 3) small treeless collapse
scars (unfrozen) in the peat plateaus. Figs 7 and 8 are colour-infrared
airphotos and Fig 9 is a panchromatic airphoto. Research carried out here
in summer of 1971 by Dr. L. Lavkulik, (pedologist), Dr. J. S. Rowe (plant
ecologist), Prof. J. Murray (hydrologist), Dr. N. Rutter (geologist),

Dr. C. Crampton (forest ecologist).

Fig 10. Determine possible reduction in size of thaw ponds having
floating vegetation —— i.e., new permafrost around pond margins. Plot water
content profiles for possible 'new' versus "'0ld" permafrost around these
thermokarst features. Panchromatic airphoto. (Check with S. Zoltai about
his research and findings in this field of endeavor.)

Fig 11. Attempt to measure differences in heat flow in warmer elevated
sands (dunes) and colder low-lying finer soils north of Norman Wells. Colour-
infrared airphoto.

Fig 12. Examine Sammon's Creek for places where river water goes
underground and reappears as springs and check water quality vs source rock
(Dmki?) and stream discharge.

Fig 13. Attempt to correlate chemistry of river water with chemistry
of possible seeps and springs along valley walls opposite sinkholes and thus
source rock (Middle Devonian carbonate and evaporite beds).

In addition to these prospective research studies of heat-flow and
groundwater movement in different permafrost environments, we believe it would
be useful to try and monitor regional groundwater flow systems. In this
connection we suggest you consider installing piezometers along a long cross-—
valley (transverse) profile in an attempt to disclose regional groundwater flow
patterns at Roche-qui-Trempe-a-1'eau or at Oscar Creek. An alternate piezometric
profile might be considered at Norman Wells, extending from the limestone upland
to the bars in the Mackenzie River —-- either north or south of Bosworth Creek
(see Fig 4).

Several alternate site-—areas are shown and described in captions to the

figures because it is difficult for us to know which research project or site-—

area you may favor for economic, research, or logistics reasons.
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SOME NORTHERN HYDROGEOLOGY RESEARCH NEEDS

A Groundwater contribution to streamflow and its relation to fish biology

In subarctic and arctic regions the contribution of groundwater to streamflow
is important in northern ecology as well as Arctic geotechnology. Based on
our regional studies of aerial photographs and of relevant map and report data
we believe that groundwater discharge into streams is probably relatively more
important ecologically in the continuous permafrost zone than in the discontinuous
permafrost zone. The major north-flowing rivers across the Arctic North Slope
in Alaska and Yukon seem to be fed to a significantly much larger extent by
thermal springs in the Brooks Range and British Mountains -- important in the
spawning of certain species of fish, as Arctic Char -- than is the case with
streams originating in the Mackenzie Mountains and Franklin Mountains, where
runoff from rainfall and snowmelt is likely to be a more important factor.
Springs are reported on islands in the Mackenzie River as well as such creeks
and rivers as the Rabbitskin, Saline, Sammon's, Mountain, North Redstone, Great
Bear, Beavertail and Mountain.

Research that is slanted toward the relative importance of groundwater flow
in northern (arctic and subarctic) ecology (plants and animals including fishes)

would likely prove useful.

B Relation of permafrost degradation/aggradation to latitude, altitude, changing
climate

As may be noted elsewhere in this report, we suspect that permafrost may be
presently aggrading on the Peel Plain and Peel Plateau, may be presently degrading
from some point south of Norman Wells to Fort McMurray in northern Alberta, and
may be nearly at equilibrium or may be either aggrading or degrading or both
around the same thermokarst feature in vicinity of Norman Wells to Wrigley, or
thereabouts. If these suspicions are correct, are these naturally-occurring

present—-day changes related not only to latitude, as indicated above, but also
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to altitude, to changes in climate, and to hydrogeological factors.

From a research standpoint there is need to obtain and analyze data on
water—-content vs depth profiles and groundwater-movement profiles and groundwater
chemistry using suitably located piezometer nests in places where the permafrost
is actively building (aggrading, building "new'" ice) and where it is actively
melting (degrading, only "0ld" ice).

Attempts to measure change in size of thermokarst features over a 20-year
period proved inconclusive using medium-scale photography (see section of report
dealing with such measurements —-- i.e., Appendix 'D'.)

C Geometry of thermokarst features

We have long felt that thermokarst—feature size, depth, shape, shoreline
configuration and presence or absence of floating, submergent, and emergent pond
vegetation —— among other terrain features identifiable in airphotos —- should
be systematically studied, possibly using computers, to determine which of these
recognizable "indicators" yields the most useful data on type of mineral sediment
in the substrate, b) age of the thermokarst features, c) relevant details of
geomorphic/climatic/vegetational history, d) volume of subsurface ice present in
different localities, e) existing thermal condition of the permafrost or the
possibility of changing thermal conditions in the ground from locality to
locality, f) relation of heat flow and movement and chemistry of groundwater.

See thermokarst features on Figs 1 (upland), 2, 3 (white arrows), 4 (white arrow),
5 (S8), 7 (white specks in PP), 8 (center of colour infrared photo), 9 (CS),
10 (W), 11 (upland north of Mackenzie River).

To oversimplify, one might suspect that

In the continuous permafrost zone:

1) Large, deep thaw depressions indicate a thick ice-rich silt layer
over gravel or bedrock, and

2) Large, shallow thaw depressions indicate thin ice-rich silt layer
of gravel or bedrock;
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In the discontinuous permafrost zone:

1) Dark ground-cover vegetation rims around the shoreline of thaw

ponds suggests permafrost aggradation (especially in vicinity of Arctic Red
River)

2) Sharply outlined water basins and raw crumbling peat banks suggest
active melting under existing matural (not man-induced) conditions.

D Relation of erosion/sedimentation history within the Mackenzie River channel
to groundwater flow and chemistry

Deep boreholes for oil exploration disclose 200 to 300 feet of waterlaid
silt and very fine sand in the vicinity of Camsell Bend. This would appear to
place the base of waterlaid sediments in the Mackenzie Valley floodplain near
Camsell Bend at or below elevation 90, which is well below the level of shale
bedrock crossing the Mackenzie riverbed at Sans Sault Rapids. At Sans Sault
Rapids, the shale in the riverbed occurs around elevation 140, or some 50 feet
above the elevation of the base of waterlaid sediments (alluvial or lacustrine?)
at Camsell Bend, even though Sans Sault Rapids is situated over 300 miles
downstream in the same wvalley. Thus, one may ask: Did the bedrock in the
riverbed at Sans Sault Rapids act as a plug in the regional groundwater flow
system? Also, does this plug, if that is what it is, affect the chemistry of
groundwater in the deeper alluvial sediments in the Mackenzie River bed. One
would suspect that there has been very little change in the Mackenzie River
channel since deglaciation some 10,000 to 13,000 years ago. (This view has
also been mentioned by Dr. N.W. Rutter, G S C, Calgary —— private communication.)

We feel this is a possible groundwater research problem.
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E Back flooding in lower reaches of major tributaries

Backflooding could very seriously and substantially affect the availability
of usable groundwater supplies beneath floodplains along the lower 1 to 10 miles
of major tributaries to the Mackenzie River. The length of reach affected
depends on the gradient of the tributaries and the fact that the Mackenzie at
flood discharge may back up water to depths of 20 to 30 feet in these tributaries
and induce deposition of clay, silt, and very fine sand in their lower reaches.
Ordinarily one would expect to find sand and gravel at the mouths of such high-
energy rivers as the Mountain and Keele. But stratified fine sand and silt
occur below the active flood plain at the mouth of the Mountain River (personal
observation). Not only does such backflooding into low-gradient tributaries
affect groundwater yield but also, possibly, the chemistry of groundwater in
sections of tributary river valleys that may eventually be crossed by main
transportation routes (highways, railways, pipelines). Thus the location of
high-yielding water wells in the floodplains of these tributaries must consider
backflooding effects.

F Relation of northern hydrogeology to pipeline construction and operation

There is little question that groundwater movement and pore-water pressure
dissipation will have a marked bearing on the stability of a buried warm-oil
pipeline in steeply sloping ice-rich fine-grained soils. An analysis of this
problem must consider the interaction of many parameters over a period of time.
The problem very likely necessitates computer programming and analysis in order
to determine probable magnitude of the effects. The stability of a pipeline
and surrounding ground is affected by many factors: density and permeability
of the soil surrounding a warm-oil pipeline (both relate to rate of pore-water
dissipation); ice content and its distribution in the subsurface; shape, size,

and temperature of the heat source; various thermal characteristics and
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properties of the permafrost—affected soil; hydraulic gradients; strength of

the unfrozen soil; and degree of slope (topography) across which a warm~oil
pipeline traverses. There may be other factors that should be considered in
computer programming and analysis. This type of heat flow and groundwater
movement research could be useful as follow-up work on early studies undertaken
by Dr Arthur Lachenbruch of the U S Geological Survey at Menlo Park, California,
and recent computer studies by Dr., Norbert R. Morgenstern, Department of Civil
Engineering, University of Alberta, Edmonton.

Because of the complexity of these interacting variables and the possible
variations in procedures of constructing and operating warm-oil and chilled-gas
pipelines, which are not fully known to us, we hesitate to comment on the
hydrologic implications of construction and operation of a pipeline except to
note that the implications require careful examination and study and attempts must
be made to préperly evaluate them.

G Geohydrology of northern peatlands

The role that groundwater hydrology and chemistry play in the formation of
wetland fens versus deep ice-rich bogs along the Mackenzie Valley and south to
Cold Lake, Alberta, is in our opinion a most important facet of northern
hydrogeological research.

Terms frequently used by peatland ecologists should perhaps be defined
because they may be unfamiliar to geologists, groundwater hydrologists, and
engineers,

A WETLAND is an ecosystem having its water table near the surface of the
main root system of plants growing in it. A PEATLAND is a wetland with
substantial deposits of partially decomposed vegetal matter (i.e., peat).
Peatland types can be differentiated into two main types —— fens and bogs —

according to the source of water supply promoting their accumulation.
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In Dictionary of Ecology, Herbert C. Hanson defines a FEN as a tract of
low marshy ground containing peat that is relatively rich in mineral salts,
alkaline in reaction, often situated around or near freshwater lakes, and is
vegetationally distinct from bogs. Hanson defines a BOG as an undrained or
imperfectly drained depressional area that is covered with sedges and shrubs
(Ericaeous, especially) and sphagnum mosses, 1s poor in mineral nutrients, is
typically underlain by sphagnum peat, and is often dotted with islets of open
water. Groundwater in bogs is usually highly acidic in reaction (pH of 3 to 4)
whereas groundwater in fens is alkaline in reaction (pH over 7). Thus fens are
usually found overlying calcareous parent materials (soils and rocks).

Ivan MacFarlane in "Muskeg Engineering Handbook" University of Toronto Press,
1969, describes FEN MUSKEG as peatland that is supplied by water previously in
contact with mineral soil. He says that sloping fens are subject to groundwater
flowing through the system —-- as distinguished from bogs that are fed by
precipitation that has been effectively isolated from passage through the mineral
substrate. Bog vegetation is thus OMBROTROPHIC (i.e., rainfall-nourished) and
fen vegetation is MINEROTROPHIC (i.e., mineral-nourished), or fed by water in
contact with mineral materials.

In the Mackenzie Valley region the distinction between fens and bogs is
significant in groundwater studies because fens and bogs are widespread, vary
substantially in ice content (permafrost), and because the surface and near-
surface water movement is different in each type of peatland, even though inter-
gradations and transitions commonly occur between them. Thus, one may speak
of "true fens" and "true bogs" and of transitions between them.

It appears that true fens tend to be wet; to form in elongate channelways;

to develop on gentle slopes that follow concave slopes, and the lower parts of
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slopes and watersheds; to have pH values in the range of 7 or higher; to be
relatively rich in nutrients, and particularly Ca and Mg ions; to support

Hypnum mosses, sedges (Carex spp.), aquatic marsh grasses, dwarf or swamp birch,
willows, and tamarack; to be generally unfrozen; and to be fed by groundwater
that has migrated through a basic mineral substrate. On the other hand, true
bogs (e.g., peat plateaus) tend to be relatively dry on the surface; to develop
on convex surfaces near or at the crest of water—-table divides; to have a pH of
3.5 to 4.5; be relatively poor in nutrients and especially in Ca and Mg ions; to

be covered by a limited range of vegetation (Sphagnaceae, Ericaceae,and Black

spruce), such as Sphagnum mosses, Reindeer lichen (Cladonia spp.), heath shrubs

(Labrador tea, bog rosemary, leatherleaf, bog laurel, various blueberries,
crowberries, cranberries and cowberries), and by stunted ragged spindly black
spruce; to be generally frozen, often containing high ice contents; to be fed
directly by rainfall and snowmelt —- not by groundwater that has passed through
the mineral substrate; to be underlain by acidic rather than basic soil and rock
types. In most peatlands the ground surface corresponds closely with the water
table. Moreover, infertile sites (peat plateaus) tend to accumulate peat more
rapidly and harbour more ground ice than fertile sites (e.g., fens).

A fundamental research question concerns whether collapse scars (windows) in
peat plateaus originate from differences in vegetation, snow cover and standing
water on ground surface or melting from below by artesian groundwaters.

The role of surface and groundwater hydrology and chemistry is fundamental
to a proper understanding of northern peatlands and to the highly varying
occurrence of permafrost in them. Probably no one has done more research in this
field,as it applies to the Mackenzie Valley, than Mr. Steve Zoltai, presently at
Edmonton. Other Canadian research workers interested in the hydrology and
evolution of permafrost-affected northern peatlands are Dr. J. S. Rowe,

Saskatoon, Dr. Wayne Pettapiece, Edmonton, Dr. Charles Tarnocai and Jean Thie,
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pedologists with the Canada Department of Agriculture, Research Station,
Pedology Unit, in Winnipeg, and Dr Roger J. E.Brown, Permafrost Section,
Division of Building Research, National Research Council, Ottawa. Mr. Zoltai
has worked mainly on peatland stratigraphy and related vegetation; and it might
be useful to supplement Mr. Zoltai's studies with detailed chemical profiles of
the groundwater as well as with profiles of groundwater flow as determined from

nests of precisely located piezometers.

SPECIAL-PURPOSE AIRBORNE REMOTE SENSING DEVICES

We feel that a balanced approach to the use of remote sensors is highly
desirable in studying northern permafrost terrain. We believe the broader aspects
of surficial geology, soils, vegetation, and permafrost are best interpreted
from conventional (panchromatic) aerial photography, beginning with photos at
a scale of 1 inch = 8000 feet and finally interpreting photos at a scale of
1 inch = 1000 feet to 1 inch = 2000 feet. Once this has been done, it is believed
that refinements in data sensing can probably be achieved by recourse to airborne
electrical-resistivity surveys (lateral and vertical variations in terrain
resistivity), thermal-infrared imagery (the affecting variables of which must
be carefully controlled and known for meaningful interpretation), black-and-white
infrared photography(for surface drainage delineation and separation of deciduous
and coniferous vegetation), and colour-infrared photography (for identification
of plant stress that might be imposed by a thin active layer as well as other
stress—generating factors). When the active layer is 4- to 6-feet thick, most
trees are little if at all affected by underlying permafrost. We would like to
have seen the colour-infrared aerial photography extended from Sans Sault Rapids

to Fort McPherson and on northward into the continuous permafrost zone.
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Thermal infrared, microwave radiometry, and side-looking radar imagery
are all limited because of the high frequencies employed and limited depth
penetration —— of the order of a few centimeters only.

Although each sensor has a contribution to make, we feel that colour-
infrared aerial photography is perhaps as good as any, except possibly resistivity
surveys. We have very little knowledge of electrical-resistivity surveys, some
experimental work of which has been carried out by Barringer Research Limited
of Rexdale, Ontario.

Main applications of the more esoteric remote sensors include the 1) detection
of possible environmental relationships that might not otherwise be suspected;

2) selection of better field test sites, inasmuch as the sensors will shed light
on what to look for in the field, where to sample in the field, and on preferable

locations of piezometers and other field instrumentation.

SUMMARY OF FINDINGS AND RECOMMENDATIONS

1. We have prepared a) reconnaissance surficial geology, b) surficial hydro-
geology, and c) bedrock hydrogeology maps covering some 50,000 square miles
along the Mackenzie River Valley Region, beginning at a point south of Fort
Simpson to and ending just north of Fort McPherson, Northwest Territories. The
entire map—-area is located within the widespread permafrost region of the
discontinuous permafrost zone according to the "Permafrost Map of Canada.'" These
maps have been explained in the body of this report.

2. We have described anticipated regional and local groundwater recharge
and discharge systems and patterns in this region of widespread permafrost in
the discontinuous permafrost zone and have sketched inferred regional groundwater

flow systems.



36.

3. We have pointed out a number of alternate research sites and types
of northern hydrogeological research problems that we feel should be carefully
considered. We recommend that the suggested alternate sites and research
projects be carefully examined because, owing to possible limited available time
and budget controls, it may be that only a few test sites and research projects
can be undertaken. We have tried to include a wide enough range of site-areas
and research projects to provide for reasonable selection. These are summarized in
Appendix 'E'.

4., There is a paucity of existing data, sufficiently relevant and complete,
to allow clearcut hydrogeological relationships to be disclosed for every
situation that may be encountered along the Mackenzie River Valley. Gaps in
existing data —— which would otherwise make the data more useful to the research
hydrogeologist and geohydrologist -- could we believe be obtained at relatively
little extra time and expense. In this connection we recommend that the Ground-
Water Subdivision of Inland Waters explore the possibilities and costs of:

1) Getting the Fisheries Branch to include a complete chemical analysis
of river and lake waters. The present method of chemical analyses and reporting
does not allow a proper cation and anion balance to be made in order to
confidently identify groundwater recharge/discharge areas and relationships.

2) Getting oil companies running drill-stem tests to collect water samples
and run chemical analyses on all boreholes drilled. Temperatures of groundwater
in boreholes could also be readily reported and these would be useful.

The existing partial data is frustrating because it is difficult to do
more than suspect groundwater recharge-discharge relationships. A set of
regulations suitable for the Fisheries Branch and for oil companies alike would

go a long way toward overcoming this situation, and add a great deal to the

knowledge of northern hydrogeology at comparatively little extra cost.
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5. Appendices A, B, C, D, E, and H are included to document our own
studies as well as sources of assistance. These include evidences of
groundwater discharge, Appendix 'A'; extracts from oil-company geological
reports, Appendix 'B'; documentation of private communications concerning
water-well drilling, water supply and groundwater development problems,
Appendix 'C'; attempts to measure thermokarst aggradation and degradation,
Appendix 'D'; potential research site-areas and projects, Appendix 'E';
digest of relevant literature, Appendix 'H'; and one set of xerox copies of
water quality data sent to us by Dr L. D. Delorme, Appendix 'I'; and use of
drillstem tests to interpret the groundwater flow system, Appendix 'J'.

Groundwater recharge appears to be occurring in highlands with local
groundwater discharge in lowlands -- notably the Mackenzie River and its main
tributaries. Major differences in permeability between rock strata result
in exceptions to this general flow regime (see Appendix 'J').

Deeper-lying groundwater and groundwater in older formations generally
show higher total dissolved solids, even though there are exceptions, as
indicated on the stratigraphic cross-section D-D' near Wrigley (Fig 21) and
cross-section B-B' near the Arctic Red River (Fig 19).

Localized groundwater discharge into creeks and rivers is suggested by
an increase in specific conductivity of the water during low-flow periods
(see Appendix 'A'). Yet surface waters in ponds and lakes on the Peel Plain,
Peel Plateau, and Mackenzie Plain appear to have very low dissolved mineral

contents —-- generally much lower than lakes and ponds on the Prairies,
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2.

CHEMICAL ANALYSES OF WATER SUPPLIES AT
FORT GOOD HOPE AND FORT NORMAN, NORTHWEST TERRITORIES

Fort Good Hope. Water taken from spring in esker on October 30, 1970.

Constituent Concentration in ppm

Total hardness as

CaCo3 215
Phenolphthalein alkalinity

as CaCO nil
Total alkalinity as CaCOj 218
Iron 1.6
Manganese <0.01
Nitrate nitrogen 0.22
Free—-ammonia nitrogen 0.01
Calcium 58
Magnesium 17
Sodium 6
Bicarbonate 131
Carbonate nil
Sulphate 4
Chloride 313
Fluoride 0.09
Total dissolved solids 252
pH 7.75

Fort Good Hope. Water taken from the water-distribution system on
October 2, 1970.

Constituent Ppm
Total dissolved solids 284
Hardness (as CaCO3) 198
Iron 0.02
Total alkalinity (as CaCO3) 224
Sulphate 122

Chloride 2



3. TFort Norman. Water taken from village well.

Concentration in

Concentration in

ppm after 12 hrs ppm after 24 hrs Concentration
pumping at 18 Igpm pumping at 18 Igpm in ppm on
Constituent in July 1970 in July 1970 January 5, 1971
Total dissolved
solids 1209 1250 1316
Nitrate 0.09 0.10 0.10
Iron 3.3 5.4 1.20
Phenolphthalein
alkalinity as CaCO 0 0 0
Total alkalinity as
CaCo 110 112 118
Total gardness as
CaCo 218 226 220
Calcium 57 64 62
Magnesium 18 16 11
Sodium and potassium 363 366 398
Carbonate 0 0 0
Bicarbonate 134 137 71
Sulphate 132 135 132
Chloride 539 546 573
pH 8.0

7.9 7.8



APPENDIX 'D'
MEASUREMENTS OF DIAMETERS OF LAKES IN
THERMOKARST AREAS SHOWN ON 1950 AND 1970 AERIAL PHOTOGRAPHY
VICINITY OF MARTIN HOUSE AND FORT SIMPSON, NORTHWEST TERRITORIES

Previous airphoto studies in Alaska, in the Mackenzie River Valley region,
in northern Ontario, Manitoba, Saskatchewan, Alberta and British Columbia by
the authors indicates that permafrost aggradation might be taking place at a
measurable rate in some areas whereas permafrost degradation is occurring in
other places. This suspicion was given support in talks with Mr Steve Zoltai,
Federal Forestry Research Laboratory in Edmonton on October 14, 1971 and in Ottawa
on February 3, 1972. Perhaps the best available evidence is that collected by
Jean Thie, Department of Soil Science, University of Manitoba and documented in
his report titled "Air Photo Analysis and Description of Surficial Deposits of
An Area North of Lake Winnipeg, with Special Reference to the Occurrence and
Melting of Permafrost," April, 1971.

A number of measurements of lake diameters were made on medium—scale aerial
photography showing two selected locations along the Mackenzie River Valley in
an attempt to determine whether or not permafrost has been discernibly aggrading
or discernibly degrading over the past 20 years. The northern site selected is
located in essentially continuous permafrost near Martin House on the Arctic
Red River; the second site chosen is located in discontinuous permafrost near
Fort Simpson. 1In carrying out this office-based study we followed the
procedure outlined briefly below:

1. We acquired two sets of aerial photographs showing the same area
but taken 20 years apart -- 1950 and 1970.

2. Then, as accurately as possible, we established the scale of each
set of airphotos. We made certain that the difference in airphoto scales was
accurate by measuring the distance between identical points on the airphotos
taken in 1950 and 1970 and then calculating the precise scale of one set of
airphotos using the other set as a measurement base.



3. We selected lakes in ice-rich peatlands; the lakes were about
one-half mile in diameter and located in ice-rich peatland. We then attempted
to make accurate measurements of changes in the shorelines of the lakes over
a period of 20 years.

4, We selected several sections across the lakes. Sections across
were taken at places where lake shorelines were especially well defined, so
that precise measurements could be made.

5. Then, at the selected sections, we accurately measured the widths
of lakes on the 1950 and 1970 airphotos. This was done using the 1/50-inch
divisions on a standard engineer's scale and the airphotos which varied in scale
from about 1 inch = 2000 ft to 1 inch = 3300 ft.

Locations of features selected for the determination of possible
permafrost aggradation and degradation were as follows:

In the continuous permafrost zone: Latitude: 66053'
Longitude: 133 25"
Location: Martin House, Northwest
Territories
National Topographic Series mapsheet:
106 K
In the discontinuous permafrost zone: Latitude: 61°45"
Longitude: 121°08"
Location: Across the Liard River from
the Fort Simpson Airport
National Topographic Series mapsheet:
95 H.

Based on several comparative airphoto measurements at each location we
reached the conclusion that it was not possible to confidently establish whether
or not thermokarst has been actively aggrading or degrading over the last 20 years.
Some lake shorelines showed small increases over the 20-year period whereas others
showed a similar magnitude of decreases in lake diameter. Lake diameters ranged
between 2000 feet and 3000 feet in width. Differences in lake width measured
on the 1950 and 1970 airphotos fell in the 25-foot to 75-foot range. Therefore,
it appears that field measurements and observations are needed in order to

establish reliable permafrost aggradation and degradation trends within the

selected study—-areas. Scales of two sets of aerial photography were 1 inch =



2000 feet and 1 inch = 3000 feet, approximately; and it is felt that these
scales are too small to permit detection of small amounts of lake shoreline
advance or retreat. Scales of 1 inch = 1000 feet to 1500 feet would have been
much better. Also, at larger scales it would be preferable to measure windows
or thermokarst collapse scars rather than lakes occupying ice-rich peatland.
Regarding Jean Thie's work north of Lake Winnipeg in Manitoba, in his

conclusions he states:

1) Most permafrost in this area could have been formed after 600
yvears BP and before 200 years BP (= before the present time).

2) Collapsing in peat plateaus from melting of permafrost has been
going on for some time —-- from 200 to 100 years BP, and most likely from 120
to 100 years BP, when the climate is alleged to have begun to ameliorate.

3) Some segments of the rims of the collapse scars showed melting
rates as low as 0 to 5 meters in 20 years. The rate of degradation on
collapse scars 100 to 750 meters across ranged from 5 to 20 meters in 20 years;

and collapse scars smaller than 100 meters across showed collapsing rates of
15 to 30 meters in 20 years.

Mr Jean Thie discusses the melting of permafrost bodies within the southern
fringe of the discontinuous permafrost zone of Manitoba (equivalent to south of
a line through Fort Simpson and Camsell Bend, Northwest Territories) in relation
to relatively alleged recent changes in climate. In this connection, it is
instructive to study Dr. J. Terasmae's graph showing changes in climate during
the Wisconsin glaciation and postglacial time as related to present average
annual temperature (see Fig 30). Mr. Thie's studies would lead one to speculate
that the greatest chance of detecting permafrost degradation using comparative
low-level airphotos (say 20 years apart) would occur in peatlands located south of

about Camsell Bend in the Northwest Territories.



APPENDIX 'E'
ALTERNATE HYDROGEOLOGIC RESEARCH SITE-AREAS AND RESEARCH PROJECTS
Fig No. 1

Geographic location

0ld Fort Point

Relevant airphoto

A11973 -- 210

National Topographic Map Series (1 inch = 4 miles)

96 C
Latitude

64°40"
Longitude

124°50"

Potential northern hydrogeological heat-flow and ground-water movement research project

To determine the nature of ground-water flow at the spring emanating from
sand dune in vicinity of 0ld Fort Point.

Fig No. 2

Geographic location

West of the Arctic Red River near Martin House

Relevant airphoto

A12702 —- 56

National Topographic Map Series (1 inch = 4 miles)

106 K
Latitude

66°55"
Longitude

133%25"

Potential northern hydrogeological heat-flow and ground-water movement research project

To determine potential rate of advance of permafrost face around margin of large
lakes on the Peel Plain.



Fig No. 3

Geographic location

Hodgson Creek near Wrigley

Relevant airphoto

A30366 —— 201

National Topographic Map Series (1 inch = 4 miles)

95 0
Latitude

63°20"
Longitude

123°30"

Potential northern hydrogeological heat-flow and ground-water movement research project

, To determine the rate of retreat of permafrost around the margins of thermokarst
ponds.

Fig No. 4

Geographic location

Norman Wells and Bear Island

Relevant airphoto

A30366 —— 114

National Topographic Map Series (1 inch = 4 miles)

96 E
Latitude

65°15"
Longitude

126°50'"

Potential northern hydrogeological heat-flow and ground-water movement research project

To determine pattern of heat flow and ground-water movement in permafrost-
affected islands in the Mackenzie River channel.



Fig No. 5

Geographic location

Carcajou River east of West Mountain

Relevant airphoto

A30366 —— 13

National Topographic Map Series (1 inch = 4 miles)

106 H

Latitude
65°30"

Longitude
128°15"

Potential northern hydrogeological heat-flow and ground-water movement research project

To monitor heat flow and ground-water movement in relation to different types
of vegetation, soil and rock type, and drainage/topographic settings.

Fig No. 6

Geographic location

Carcajou River near the old Canol road

Relevant airphoto

A30366 -- 35

National Topographic Map Series (1 inch = 4 miles)

96 E
Latitude

65°10"
Longitude

127°20"

Potential northern hydrogeological heat-flow and ground-water movement research project

To determine the relation existing among slope aspect, solar radiation, ground-
water regimes and slope stability in south-facing versus north-facing river banks.



Fig No. 7

Geographic location

South Blackwater River on the east side of the Mackenzie River

Relevant airphoto

A30366 -- 187

National Topographic Map Series (1 inch = 4 miles)

95 0

Latitude
63°45"

Longitude
124°00"

Potential northern hydrogeological heat-flow and ground-water movement research project

To determine the geohydrologic aspects of frozen wooded peat plateaus and
unfrozen small treeless collapse scars in these peat plateaus.

Fig No. 8

Geographic location

Near Bear Rock, north of Great Bear River

Relevant airphoto

A30366 —— 129

National Topographic Map Series (1 inch = 4 miles)

96 C
Latitude

65°05"
Longitude

125%35"

Potential northern hydrogeological heat-flow and ground-water movement research project

To determine the geohydrologic aspects of ribbed fen (e.g., ground-water discharg
vs ground-water recharge, or seasonally both).
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APPENDIX 'A'
EVIDENCES OF GROUNDWATER DISCHARGE ALONG THE MACKENZIE VALLEY FROM
PLOTS OF STREAMFLOW AND SPECIFIC CONDUCTANCE OF THE WATER

Groundwater discharge into some lakes, creeks, and rivers is suggested
by an increase in specific conductance of the water during low-flow periods.
Figs 28 and 29 show plots of specific conductance against stream discharge for
the Mackenzie River and five tributary rivers to the Mackenzie.

It is worth noting that the quality of water in the more northerly streams
is influenced to a smaller degree by the inflow of groundwater, presumably
because of thicker and more continuous permafrost the farther north one goes.
As an example, the Peel River shows less influence of groundwater inflow than
the Liard River (see Fig 28); likewise, the Arctic Red River shows relatively
less groundwater inflow than the South Nahanni River (see Fig 29). Chemical
analyses of Mackenzie River water samples collected during winter months, when
the river flow comes almost entirely from the Great Slave and Great Bear Lakes,
show little change in quality. During summer months, however, there is
evidence of substantial groundwater inflow. This aspect of the Mackenzie River
chemistry was noted in a paper by A.A. Levinson, Brian Hitchon, and S.W. Reeder
when they report (see reference below): '"The results show, quite surprisingly,
that during periods of high discharge the Mackenzie carries more total dissolved
solids per unit volume than it does during periods of low discharge.” These
data strongly suggest that groundwater discharge is retarded by freezing
temperatures during winter months. Even though it is evident that further
research data and analyses are needed,the data gathered to date seem to indicate
that there is substantial regional groundwater movement and that notably less

groundwater discharge occurs during the winter months.



The following table shows a comparison of the specific conductance of
water samples collected from three creeks in the vicinity of Norman Wells

during the period June 25 to October 3, 1971.

Specific conductance in micromhos/cm

Date Vermilion Prohibition Oscar
sampled Creek Creek Creek
25/6/71 800 255

9/7/71 1120 210

16/7/71 560
25/7/71 450

1/8/71 535
17/8/71 560 275

22/8/71 312

27/8/71 241
3/9/71 880

11/9/71 382
17/9/71 970

25/9/71 392
3/10/71 1040

Vermilion and Prohibition Creeks are approximately six miles apart.
Oscar Creek is located approximately 40 miles downstream of these two creeks
on the east side of the Mackenzie River. Vermilion Creek waters show a
markedly higher specific conductance than Prohibition Creek, even though in
several instances both creeks were sampled on the same days. This comparison

suggests greater groundwater discharge along Vermilion Creek and/or the



presence of more readily dissolved gypsum and anhydrite strata in the Bear
Rock Formation (see sinkholes adjoining Vermilion Creek on the accompanying
surficial-geology maps).

The following three publications were studied and found to be pertinent
in our study of water quality in the Mackenzie Valley Region:

1) "Groundwater Hydrology and Water Supply in the District of
Mackenzie, Yukon Territory, and adjoining parts of British Columbia,"
Geological Survey of Canada Paper 64-39, by L. V. Brandon.

2) "Regional Variations of River Water Composition Resulting from

Halite Solution, Mackenzie River Drainage Basin, Canada," by Brian Hitchon,

A. A. Levinson, and S. W. Reeder; in Water Resources Research Vol 5, No. 6,
Dec. 1969.

3) "Major Element Composition of the Mackenzie River at Norman

Wells, N.W.T., Canada," Contribution No. 424, Research Council of Alberta,
by A. A. Levinson, Brian Hitchon and S.W. Reeder, 1969.

Surface water samples collected from lakes and ponds along the Mackenzie River
Valley by Dr. L. D. Delorme show specific conductances generally below
300 micromhos/cm, with the exception of one lake located approximately three
miles northeast of Little Chicago (lat. 67014'; long. 130°10'), which shows a
specific conductance in the range of 900 to 1000 micromhos/cm (see, also, page 6,
item 15 under Pettapiece). The low specific conductivity values suggest that
there is little groundwater movement into surface ponds because of a deep
permafrost layer, which acts as an impermeable boundary.

For comparison purposes the following total dissolved solids values, obtained
from the Saskatchewan Water Resources Commission, show mineral concentrations in

lake waters in southern Saskatchewan:



Approximate total

Lake dissolved solids (ppm)
Last Mountain Lake 2000
Fishing Lakes 1600
Madge Lake 500
Jackfish Lake 2000
Big Quill Lake 42,000
Little Quill Lake 5000 to 8000

Specific conductance of a small pond of snowmelt water in the Kerrobert,
Saskatchewan, district approximately one week after spring thawingbegan was
5000 micromhos/cm. These values are markedly higher than those of surface
waters collected in the Mackenzie River Valley Region.

From inspection of 100-foot contour maps, many of the surface-water
samples collected along the Mackenzie River Valley and in northwestern
Alberta appear to be located in areas that, theoretically, should be groundwater-
discharge areas. Comparison of water qualities from northwestern Alberta
and the Mackenzie Valley suggest lower concentrations of dissolved minerals in
ponded surface waters along the Mackenzie Valley compared to northwestern
Alberta, where, however, the climate is significantly different. This analysis
again suggests that the permafrost layer, as suspected, acts as a deterrent to
the movement of groundwater.

Preliminary findings by the Alberta Research Council indicate that the
concentrations of dissolved minerals occurs in the mineral soil at shallow depths
below ground surface whereas surface waters ponded in kettlehole and thermokarst

lakes and ponds are relatively low in total dissolved solids (see Fig 23).



A detailed study of the several indicators of groundwater discharge is
beyond the scope of this report. It seems certain, however, that groundwater
discharge in the form of springs and seepages contributes substantial volumes
of water to the Mackenzie River drainage basin. By following the method of
J. D. Hem* of plotting stream discharge versus variation in specific conductance,
one might obtain a general indication of groundwater flow.

Copies of chemical analyses of water and streamflow data used in this study
are included in Appendix 'I'. - They were obtained from Dr. L D Delorme in
Calgary; from Paul Fee with the Water Quality Division, Inland Waters Branchj
and from J N Stein, Pollution Control Section, Resource Development Department

of the Environment and the Alberta Research Council.

#USGS Water Supply Paper 1473, "Study and Interpretation of the Chemical
Characteristics of Natural Water."



APPENDIX 'B’
EXTRACTS FROM OIL COMPANY SUBSURFACE GEOLOGICAIL DATA
FILED WITH THE OIL AND GAS EXPLORATION SECTION OIL AND GAS DIVISION
NORTHERN ECONOMIC DEVELOPMENT BRANCH
DEPARTMENT OF INDIAN AFFATRS AND NORTHERN DEVELOPMENT, CALGARY
Most oil-company geological reports on deep borehole drilling contain
relatively little data that is pertinent to the present study. However, some
items of information are worth noting and these have been extracted and listed
below. The report number is given along with what is considered to be the
more significant subsurface geological information as it relates to regional
hydrogeological studies. Descriptions of geographic locations and subsurface
geological materials are sometimes vague and difficult to tie down.
1 60-4-4 Upper Devonian flat-lying limestone outcrops along the Trout
River approximately 8 miles above the confluence of the Trout
and Mackenzie Rivers. Extensive glacial drift covers the
Upper Devonian strata in this localit&.
2 508-1-4-8 A testhole drilled at latitude 60°51' and longitude 117°17'
is reported to have encountered artesian groundwater.
3 508-1-4~8 Structure-test drilling in National Topographic Series mapsheets
85 D and 95 A encountered between 3 and 144 ft of glacial
drift overlying Devonian strata.
4 509-1-4-1(4) a) The following composite stratigraphic section is given

for the region in vicinity of Wrigley:

Depth (ft) Materials

0 - 100 dark fissile shale

100 - 300 yellow limestone with grey shale interbeds
300 - 800 red shale and massive red limestone

800 -~ 1300 grey shale and dense grey limestone
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b) The following composite stratigraphic section is given

for the Great Slave Lake area:

Depth (ft) Materials

0 - 300 Hay River Formation hard dolomitic
limestone

300 - 700 Hay River Formation shale with limestone
and sandstone interbeds

700 - 795 Fort Simpson Formation shale

5 352-1-4-17 Soft Upper Devonian shale is said to outcrop along the
Mackenzie River banks between latitude 62°00' and 63°00°.
6 86-1-4~7 Following data are recorded for the upper Mckenzie River

Valley area:

a) A borehole at latitude 60°52" and longitude 120°36"
showed 280 ft of glacial drift.

b) Boreholes 18 miles east—southeast of Fort Simpson showed
between 43 and 500 ft of glacial drift over bedrock.

c) The presence of salt water was noted in the Fort Providence
area.

d) The Martin Hills are reported to be an Upper Cretaceous
erosional remnant, which consists of salt-and-pepper sandstone
and silty shale at a point 24 miles west of Fort Simpson.

e) The immediate Fort Simpson area is underlain by Upper
Devonian Fort Simpson Formation shale.

7 45-1-5-14(151) Area: National Topographic Series mapsheet 95 N.

a) Springs were observed along the North Redstone River at
latitude 63°32' and longitude 125°%43". They are said to
emanate from a fault zone between Cambrian-Ordovician gypsum
beds and the Silurian—-Ordovician Mt Kindle Formation.

8 96-1-5-1 (218) Lower Root River area: latitude 123°15" to 124%0";
longitude 627°20" to 62 55",

a) In this locality, glacial drift was seen on mountain sides
as far up as elevation 3300 ft. Moreover, glacial erratics
were found on the tops of all highlands. Alluvial sediments
in lowland areas are said to reach 300 ft in thickness.



b) Upper Devonian strata (shale, limestone, siltstone) are
over 10,000 ft thick.

¢) Underlying Middle Devonian limestone strata are said to
be 1500 to 2200 ft thick.

9 7-11-5-11 (142) Data extracted from several subsurface geological
reports is as follows:

a) Structurally, Franklin Mountains are an anticlinorium,
in which anticlinal axes plunge to the south.

b) Near Wrigley, Devonian limestones are seen to outcrop and
to dip below the Willowlake River.

¢) The Franklin Mountains east of the Mackenzie between

Ochre River and Blackwater River are composed of heterogeneous
limestone strata that form high erosional-remnant ridges and
hills.

d) Over 150 ft of interbedded shale, limestone, and underlying
gypsum beds occur three miles from the Mackenzie River along
Saline River. These beds are part of the Saline River
Formation. Small creeks in the vicinity are said to be
salty and salt encrustations were seen to collect on rocks in
creek and river bottoms.

e) A Cretaceous sandstone ridge with a gentle regional dip to
the west occurs in the Dahadinni River area and is said to be
overlain by thick deposits of Quaternary sand and gravel.

f) In the Lower Carcajou River area, Sammons Creek is reported
to disappear underground of a digtance of "several' miles at

one point (lat. 65 28"'; long. 28 15'), where the strata consist
of porous dolomite in the Bear Rock Formation. Anhydrite is
interbedded with dolomite and limestone, and the strata are said
to be locally cavernous.

g) Oscar Creek basin (lat. 65°30" ; long. 127°00') near Mount
Morrow is said to cover an area of about two square miles that are
occupied by . small lakes having no outlet. The lakes are

believed to discharge into the underlying limestone bedrock.
Nearby, deep sinkholes occur in salt and gypsum beds in the lower
part of the Bear Rock Formation. Sinkholes occur in evaporites
under Bear Rock Formation conglomerate in Mount Richard and

Mount Thomas. 1In the Oscar Creek basin area, the Kee Scarp
limestone is reported to be porous and coralline.



h) Slater River — Bogg Creek - Halfway Islands area
(lat. 65 OO‘ long. 126°15" Y. A stratum of 5 ft of
silty clay was observed on top of a terrace at the
mouth of Slater River.

i) Shiltee Rock, located seven miles above the confluence
of Stony Creek and the Peel River, is a hard Cretaceous
sandstone and conglomerate pillar that is 20 feet high.

j) Discovery Ridge (east of Norman Wells) consists of
Devonian and Silurian limestone and dolomite. Norman Wells
oilfield is developed in coral-reef limestone.

k) Alluvial coarse sand and gravel occur along the upper
Redstone River (foothills region). Pleistocene and Recent
(Holocene) deposits in this area are said to be over 200 ft
thick.

1) Warm sulphur springs issue from coarse brecciated Bear
Rock Formation where the Mountaln River cuts the Imperial
Range (lat. 65 25'; long. 129°10").

m) In vicinity of the headwaters of the East Fork of Little

Bear River (across the Mackenzie River from Fort Norman),
sediments consist of thick, coarse, massive Tertlary conglomerate
and gravel A borehole on Hoosier Ridge (lat. 65 25" long.
127°35'; elev: 744) struck salt water at depth of 2817 ft.

The water rose to within 100 ft of ground surface. This bore-
hole shows 1600 ft of soft carbonaceous sand, gravel,
conglomerate, shale, and lignite.

n) Two sulphur springs occur on the south bank of the Great
Bear River downstream from the lower end of portage road
(probably at the rapids section). Exposures along the Great
Bear River Valley consist almost entirely of Pleistocene
sediments.

0) In the Beavertail Point region (NTS: 106 H), both Devonian
limestone and overlying basal Cretaceous sandstone are reported
to be porous and permeable and many sulphur springs occur in
the area. The report states that 20 ft of sand (deltaic) over
lacustrine silt and clay occur in the lower Donnelly River
area.

p) There is a strong odour of sulphur in waters of the Mackenzie
River near Beavertail Point (NTS 106 H).



q) Depth of glacial drift in the Wrigley area is said to
vary from 10 to 1000 ft in thickness.

r) Two islands in the Mackenzie River opposite Norman

Wells ~- Goose Island and Bear Island -- are underlain by
stratified alluvial silt and sand that is several hundred
feet in thickness. Heavy drilling mud is said to be required
to drill through glacial drift in the Norman Wells area.

10 508-1-46(252). Cameron Hills area in northeastern Alberta and adjoining

Northwest Territories.

a) Glacial drift in the Cameron River Valley south of Tathlina
Lake is reported to be 700 ft thick.

b) In vicinity of Bistcho Lake in northwestern Alberta, the
glacial drift is 865 ft thick, with a gravel stratum from 600
to 865 ft below ground surface.



APPENDIX 'C'

DOCUMENTATION OF PRIVATE COMMUNICATIONS FROM
MASCHO, LUND, BRANDON, BREARS, WILDERMAN

1. Mr. Paul Mascho, Department of Public Works
Yellowknife, Northwest Territories

a) Fort Norman. The well here is 160 feet deep, and yields
approximately 12 Igpm. Chloride content of the water is said to have been
high initially and, in addition, has increased with water use.

b) Fort Providence. Two water wells are in use but the main source
of municipal water is the Mackenzie River. The motel is said to have a ''good
well.™

c¢) Fort Simpson. Main water supply for Fort Simpson is taken from
the Mackenzie River.

d) Wrigley. The Department of Transport uses groundwater from a
well near the Wrigley Airport. Approximately one—quarter of the village water
consumption comes from wells.

e) Fort Good Hope. This community developed a groundwater supply by
installing a crib in a spring in an esker. Well depth reported to be 16 to
18 feet and the crib size, 6 feet x 6 feet. The iron content varies from
3 to 4 ppm; otherwise, the water quality is good. However, the spring froze
over in 1970, apparently because of traffic along a nearby road. The well has
been relocated in order to overcome this problem. It is suspected that the
spring may be recharged through shallow sand and gravel from a lake 3 to 4 miles
away .

f) Inuvik. River water is pumped directly from the Mackenzie River
into Hidden Lake in order to settle out a silt content of approximately 250 ppm
in the summer and a silt content of 20 to 25 ppm in the winter. Inuvik is

presently experimenting with settling tanks to remove the river silt.



2. Mr., Sven Lund, water-well drilling contractor at
Yellowknife, Northwest Territories

a) Lund owns three drilling rigs, and requently uses a Nodwell-
mounted combination of rotary and cable~tool rigs.

b) Lund has installed water wells at Fort Norman and Wrigley and
has test drilled at Norman Wells in connection with groundwater exploration
there. At Fort Norman, elevation of the well is approximately 40 to 60 feet
above river level. The glacial drift aquifers are 4 to 5 feet thick and wells
in the overburden tap several sections of sand. Water quality has deteriorated
with usage. At Wrigley, testholes drilled for the Department of Transport
encountered cemented gravel below a high terrace. The well at Wrigley is
approximately 200 feet deep. Static water level is approximately 100 feet
below ground surface. Quantity of water developed is said to be sufficient for
local needs.

¢) Lund says that groundwater temperatures range from 38°F to 40°F in
northern localities where water wells have been installed.

d) Lund commonly uses 5- or 7-inch well casing, and frequently
installs surface casing.

e) At Norman Wells, the top 100 feet of drift overburden contains
zones of frozen sand and gravel that yield no water. Where encountered, shale
bedrock below the overburden is hard and contains no significant water-bearing
fractures or fissures.

f) Lund has done most of what little water-well drilling and
installation work that has been carried out along the Mackenzie River Valley.
Considerable shallow testhole drilling has been done by Big Indian Drilling:
and Hall Drilling has done a limited amount of drilling for seismic investigations
in vicinity of Fort Simpson.

g) Lund says that frozen sand and gravel is difficult to drill through

owing to caving problems.



3. Mr. Leo V. Brandon, Regional Manager
Department of Indian Affairs and Northern Development
Whitehorse, Yukon

a) Probably the best aquifers occur in thick alluvium along the
larger rivers, even though some bedrock formations —— such as Middle Devonian
Bear Rock Formation limestone, locally —- may yield potable water.

b) Permafrost is not necessarily a barrier to groundwater
development because in the past numerous groundwater supplies have been developed
in permafrost regions.

c¢) Existing northern communities are not necessarily located in good
locations from an engineering, economic, or environmental standpoint. Future
northern communities and northern camp-site locations should give more
consideration to such factors as water supply, drainage? and, if located on or
near a major water course, the velocity of the river water and consequent serious
problems of bank erosion and riverbed scour.

d) Mr. Brandon has observed many locations in the field that would
be favorable for the development of groundwater supplies. However, he notes,
groundwater development should be done by experienced well-drilling contractors
under the supervision of competent groundwater hydrologists.

e) Rivers tributary to the Mackenzie River from the west carry a
much higher silt load than rivers draining into the Mackenzie River from the
east.

f) Mr. Brandon has observed numerous springs along the Rabbitskin River.

g) Mr. Brandon believes that the deeper groundwater flow system passes
below the Mackenzie River and surfaces along the contact of sedimentary rock
strata and the Precambrian Shield. FEvidence to support this contention is the

apparently more highly mineralized waters in Marian Lake (west of Fort Rae, NWT),



and shown on National Topographic Series mapsheet 85 K) and the lower reaches
of Little Buffalo River above Great Slave Lake (shown on National Topographic
Series mapsheet 85A).

h) Available well logs and drilling records, as at 1964, are contained
in Mr. Brandon's paper titled "Groundwater Hydrology and Water Supply in the
District of Mackenzie, Yukon Territory, and Adjoining Parts of British Columbia,"
Geological Survey of Canada, Paper 64-39.

4, Mr. Lou Brears, water-well driller with M R Hall Drilling,
Regina

a) When drilling for seismic investigations in the area immediately
west of Fort Simpson, Mr Brears said he encountered up to 100 feet of unconsolidated
stratified (deltaic) sand. The testhole that encountered this thick section of
sand is located about 4 miles north of Antoine Lake. This would indicate that
the community of Fort Simpson might possibly investigate groundwater supplies in
these deltaic sands —- rather than treat Mackenzie River water. A good location
to test for potential groundwater supplies would be in vicinity of nearby
Martin River.

b) Some of the testholes drilled by Mr Brears along the Mackenzie River
lowland encountered weakly artesian pressures in the groundwater. Boreholes
would flow from 4 to 12 hours —- that is, until the pressure was sufficiently
reduced. The discharging water would then freeze, indicating that permafrost
restricts groundwater flow.

¢) Mr Brears encountered loss—of-circulation problems frequently when
drilling in permafrost. This situation was most evident, he said, when unfrozen

soil zones occurred between frozen soil layers.



5. Mr. Giles Wilderman
Big Indian Drilling Co. Ltd.,
Calgary

a) Shallow drilling between Fort McPherson and Fort Simpson
was conducted using a rotary-air combination. Compressed air was
initially cooled from 150°F to 45° to SOOF, which was a sufficient reduction
in temperature if drilling progress was relatively fast. However, it became
necessary to drop the air-drilling temperature to 10°F to 15°F if drilling
progress was relatively slow. Also where adverse drilling problems were
encountered, it became necessary to drop the temperature to 10°F to 15°F to
eliminate thawing.

b) Permafrost—affected soils are best drilled with a combination of
rotary—air and cable-~tool rig. Refrigeration of compressed air used in
drilling is not economical on most small jobs.

c) Most seismic shotholes along the Mackenzie River Valley are 60
to 100 feet deep. Consequently, they frequently do not pass through the
permafrost layer.

d) Wilderman says that Dr Ralph Isaacs of the Geological Survey of
Canada in Ottawa is drilling relatively shallow testholes along the Mackenzie
River Valley, and it may be desirable to extend these testholes to depths of
several hundred feet (400 to 500 ft), which can be accomplished with the
drilling equipment on the job.

e) Mr Wilderman says that they did not encounter any groundwater
artesian conditions (flowing holes) in their shallow (10 to 50 ft) testhole
drilling program that extended frdm north of Fort McPherson and to south of

Fort Simpson.



CAMBRIAN

€cs Saline River Formation evaporites (salt, anhydrite gypsum, and red
beds) and underlying Mt Cap Formation green shale and Mt Clark
Formation reddish-purple sandstone. Mainly ground-water recharge
areas at higher elevations in the Franklin Mountains and ground-
water discharge areas at lower elevations near the Mackenzie River.
Expect large quantities of poor quality sulphate and chloride waters
in the Saline River Formation.

PROTEROZOIC

B Precambrian argillite, quartzite and dolomite. Only one small area
is shown.

(Geology is modified after GSC Map 30-1963; GSC Memoir 273; GSC Papers 60-19, 61-13,
68-25, 71-11, with accompanying maps and figures; The Dewelopment of Sedimentary Basins
in Western and Arctic Canada, by P.A. Ziegler (1969), Alberta Society of Petroleum
Geology; J. Law in Bull. Can. Pet. Geol. Vol. 19, No. 2, 1971; and J.P.A. Noble and
R.D. Ferguson in Bull. Can. Pet. Geol. Vol. 19, No. 3, 1971.)



Symbol

T

Ku

K1

K1f

CPa

Dur

Duu

Dui

Duk

Dutt

Dus

(Note:

APPENDIX 'G'

LEGEND OF RECONNAISSANCE BEDROCK HYDROGEOLOGY MAP

The entire study-area is underlain by widespread permafrost in
the discontinuous permafrost zone; also estimates of
yields refer to probable, not absolute, maximum figures)

Explanation

Tertiary non-marine sand, gravel, conglomerate, shale, sandstone,
coal. Expect maximum yields of 50 Igpm of fair to good quality
waters

Upper Cretaceous mainly non-marine sandstone and shale. Expect
maximum yields of 25 Igpm of poor to locally fair quality waters

Lower Cretaceous mainly marine shale and sandstone. Expect maxim-
um yields of 1 Igpm of poor quality sulphate waters

Upper Cretaceous Fort St. John Formation shale. Expect maximum
yields of 1 Igpm of poor quality sulphate waters

Upper and Lower Cretaceous unnamed and undivided mainly marine shale
and sandstone. Expect maximum yield of 5 Igpm of generally poor
quality waters

Carboniferous (Pennsylvanian) and Permian sandstone and conglomer-
ate. Expect maximum yields of 25 Igpm of poor to locally fair qua-
lity waters

Upper Devonian Redknife Formation mainly marine shale and sandstone.
Expect maimum yields of 1 Igpm of generally poor quality waters

Upper Devonian unnamed mainly non-marine shale, siltstone, limestone,
and sandstone. Expect maximum yields of 5 Igpm of poor to fair qua-
lity waters

Upper Devonian Imperial Formation mainly non-marine shale and sand-
stone. Expect maximum yields of 5 Igpm of generally poor to local-
ly fair quality waters

Upper Devonian Kakisa Formation limestone. Expect maximum yields of
5 Igpm of poor to fair quality bicarbonate waters

Upper Devonian Trout River and Tetcho Formations consisting mainly
of limestone with some shale and sandstone. Expect maximum yields

of 5 Igpm of poor to locally fair quality generally bicarbonate
waters

Upper Devonian Fort Simpson Formation marine shale and siltstone.
Expect maximum yields of less than 1 Igpm of generally poor quality
sulphate waters

Middle Devonian mainly carbonate strata with minor shale and anhyd-
rite. Expect maximum yields of 25 Igpm of variable quality waters



Symbol
Dmk

Dmki

Dmh

Dmc

Dmci

Dmbr

Dmhi

0S

0S5k

€cs

Explanation

Middle Devonian Kee Scarp Formation reefal limestone and other
limestones. Expect maximum yields of 100 Igpm of poor to local-
ly fair quality generally bicarbonate waters

Middle Devonian Kee Scarp Formation limestone and Hare Indian cal-
careous shale. Expect maximum yields of 25 Igpm of variable qua-
lity generally bicarbonate waters

Middle Devonian Hume Formation limestone. Expect maximum yields
of 10 Igpm of variable quality generally bicarbonate waters

Middle Devonian Canol Formation shale. Expect maximum yield of 1
Igpm of poor quality sulphate waters

Middle Devonian Canol and Hare Indian Formations consisting mainly
of shale. Expect maximum yields of 1 Igpm of poor quality bicarb-
onate-sulphate waters

Middle Devonian Bear Rock Formation dolomite, limestone, and anhyd-
rite. Expect maximum yields of 250 Igpm of very poor quality gene-
rally bicarbonate-sulphate waters

Middle Devonian Hare Indian Formation shale. Expect maximum yields
of 1 Igpm of poor quality sulphate waters

Undivided and unnamed Ordovician and Silurian dolomite and limest-
one. Expect maximum yields of 10 Igpm of highly variable quality
generally biacrbonate-sulphate waters

Ordovician and Silurian Mt. Kindle Formation dolomite and anhydr-
ite, Franklin Mtn. Formation dolomite and shale. Expect maximum
yields of 100 Igpm of poor to fair quality generally bicarbonate-
sulphate waters

Cambrian Saline River Formation anhydrite gypsum and salt, Cap Mt.

Formation shale and Mt. Clark Formation sandstone. Expect maximum
yields of 100 Igpm of poor quality generally sulphate-chloride wat-
ers from the Saline River salt and anhydrite, 1 Igpm of poor qual-

ity waters from the Cap Mt. Formation shale, and 10 Igpm of poor to
fair quality waters from the Mt. Clark Formation sandstone

Precambrian argillite, quartzite, and dolomite. Expect maximum
yields of 25 Igpm of fair quality waters



APPENDIX 'H'

SUMMARY OF FINDINGS OF GROUND-WATER AND GEOLOGICAL
INVESTIGATIONS IN PERMAFROST REGIONS AS THEY APPLY TO THE
MACKENZIE VALLEY REGION —-- A LITERATURE ABSTRACT
Abu-Lughod, J., W. J. Roberts and J. B. Stall (1957) "Industrial Operations

under Extremes of Weather," Part 5, Problems of Industrial Water in

Areas of Extreme Weather Conditions, Meteorol. Mon., Vol. 2, No. 9,
pp. 66-86

Abstract

Large yields of potable water are found in aquifers beneath
permafrost, particularly in river valleys. Temperature of the ground
water is commonly high enough to prevent freezing of the distribution
system. Ground water occurs in bedrock fissures, at contacts, and in
structural depressions beneath permafrost.

Alaska's Health (1951) "Safe Wells Need Careful Plans," Alaska's Health,
Vol. 9, p. 7

Abstract

Suggestions for the proper location of wells with respect to
sewage disposal facilities and a detailed plan for a safe well suit-
able for Arctic conditions are given.

Alter, A. J. (1949) "Water Supply Problems of the Arctic,'" Alaska's Health,
Vol. 7, No. 3, pp. 1-3

Abstract

Brief discussion of water supply in permafrost regions, including
the utilization of ground water.

Alter, A. J. (1950a) "Arctic Sanitary Engineering," Washington Federal
Housing Administration, p. 106

Abstract

Shallow suprapermafrost water provides a seasonal supply that
is easily contaminated. Rarely, water is entrapped with the permafrost
in the southern part of the permafrost zone; but the yield is variable.
Subpermafrost water supplies are difficult to locate, costly to develop,
and commonly highly mineralized. In the Arctic, where permafrost extends
into bedrock, circulation of ground water beneath permafrost is hindered
by impermeable bedrock formations, and recharge through the permafrost
is impossible. At Fairbanks, several wells tap subpermafrost water;
the warmest water is available at some distance below the base of
permafrost.



Barnes, D. F., and G. R. MacCarthy (1956) 'Tests of Geophysical Prospecting
Techniques in areas of Sporadic Permafrost in Interior Alaska,"
Geological Society of America Bulletin, Vol. 67, No. 12, Part 2, p. 1805

Abstract

Tests were made of resistivity and seismic refraction techniques
in prospecting for ground water near Fairbanks, Big Delta, and Tok.
The seismic refraction method proved excellent for detecting permafrost
and mapping its upper surface, but was not successful in mapping the
lower boundary of permafrost or the upper surface of bedrock. Resistivity
techniques were fairly reliable in indicating the presence of permafrost
and estimating its thickness; lack of adequate interpretation curves
and the effects of severe lateral variations in surface resistivity
limited the accuracy of depth measurements.

Bateman, J. D. (1949) "Permafrost at Giant Yellowknife," Royal Soc. Canada
Trans., Vol. 43, Ser. 3, Sec. 4, pp. 7-11

Abstract

Permafrost, which is not present in outcrops, extends to a depth
of 280 feet where the thickness of the overlying lacustrine clay
approaches 60 feet. The clay overburden is regarded as an insulating
blanket that has preserved ancient permafrost, and was deposited during
a late glacial or Recent high level of Great Slave Lake. The age of the

permafrost, therefore, is greater than that of the overburden, and is
late glacial or interglacial.

Benninghoff, W. S. (1952) "Interaction of Vegetation and Soil Frost Phenomena,"
Arctic, Vol. 5, No. 1, pp. 34-44

Abstract

Distribution of permafrost beneath a river flood plain is sketched.
Spruce-covered cut banks are underlain by permafrost at shallow depth,
but river channels and bars are lacking in permafrost or have a deep
permafrost table. Ground which permits the greatest degree of water
penetration usually thaws to the greatest depth each summer, but root
systems tend to restrict the downward penetration of water.

Billings, C. H. (1953) "Protecting Underground Utilities Located in Arctic
Regions,'" Water and Sewerage Works, Vol. 100, No. 11, pp. 441-447

Abstract

Ground water occurs above, within, or beneath permafrost; the
water below permafrost is like that in other climatic regions and is
the most dependable source of supply. The water within permafrost is
in passages like those in limestone and is generally under pressure,
because the free level of its source is likely to be that of a lake or
stream above ground. The water above permafrost in summer moves by



gravity, percolating down the slope of the frost table; in winter,
when the water begins to freeze, it becomes confined and moves under
pressure. If under sufficient hydrostatic head, the water may burst
through the top of the ground to form icings.

Black, R. F. (1950) "Permafrost, in Trask, P.D.," Applied Sedimentation,
John Wiley and Sons, New York, pp. 247-275

Abstract

Definitions, summaries of terminology, distribution, character,
temperature, relation to terrain features, origin, and geologic,
engineering, and biologic significance of permafrost are given.

Large year-round supplies of water in the continuous-permafrost
zone are found only in deep lakes or large rivers which do not freeze
to the bottom in winter. 1In the U.S.S.R. artesian water has been
found beneath 700 to 1,500 ft of permafrost. In the discontinuous-
permafrost zone large supplies of ground water are found perched on
top of permafrost or in unfrozen zones within or beneath the permafrost.
Water-supply problems in the sporadic permafrost zone are comparable
to those of the temperate regions. Quality of water is generally
inferior to that of temperate regions.

Black, R. F. (1957) "Some Problems in Engineering Geology Caused by Perma-
frost in the Arctic Coastal Plain, Northern Alaska," Arctic, Vol. 10,
No. 7, pp. 230-240

Abstract

Potable ground water is absent except in the beds of larger
rivers and lakes. Shallow wells have encountered only saline water
within and below permafrost. Potable water is trapped on permafrost
in many lakes of the coastal plain. Lakes deeper than 6 ft do not
freeze to the bottom and may provide a limited supply of water through-
out the year. Very limited quantities of water may be obtained in
summer from the active layer and from some of the offshore bars, but
the water contains organic material and dissolved salts.

Black, R. F. (1958) "Permafrost, Water-Supply, and Engineering Geology of
Point Spencer Spit, Seward Peninsula, Alaska," Arctic, Vol. 11, No. 2,
pp. 102-116

Abstract

Point Spencer is the northern tip of a spit that separates Port
Clarence from the Bering Sea and is located 69 miles northwest of
Nome. Gravel and sand that compose the spit deposits are perennially
frozen and cemented with ice; frozen ground underlies most of the area
and extends several feet beyond the shore. 1In many places there is
more ice than normal pore space in the sediments. The top of permafrost



generally parallels topographic form. The base of permafrost determined
in two wells was 12.5 and 17 ft below the surface, or 7.5 and 8 ft below
sea level; the base of permafrost probably conforms roughly to topography.
An icing mound 30 ft in diameter was underlain by a lens of ice 1 ft
thick; polygonal patterns on the older part of the spit seem analogous

to ice-wedge polygons elsewhere in the Arctic, but they were not invest-
igated.

Fresh water is derived from rain and snow melt and is trapped as
perched ground water in irregularities on the top of the permafrost.
In winter much of the water is frozen. Water is most abundant in the

borrow pits excavated in permafrost between the runway and Port Clarence,
and in fresh-water ponds.

Boyd, W. L. and J. W. Boyd (1959) "Water Supply Problems at Point Barrow,"
American Water Works Association Journal, Vol. 51, No. 7, pp. 890-896

Abstract

Attempts to utilize ground water at Point Barrow, Alaska, have
been unsuccessful. Drilling during exploration for oil in the Naval
Petroleum Reserve produced subpermafrost water with a salinity of
several thousand parts per million. Treatment of lake water, used as
a supply, is necessary because the concentration of minerals in unfrozen
water increases with increased ice thickness.

Brandon, L. V. (1960) "Northern Settlements," No. 1, Preliminary Notes:
Canada Geological Survey Topical Report 28, 29 pp.

Abstract

A study of ground-water conditions at most of the settlements in
the District of Mackenzie, Northwest Territories, was made in 1960 as
part of a study of the occurrence of ground water in the permafrost
regions of Canada. Most of the Paleozoic dolomite and limestone in
the western Great Slave Lake region and Mackenzie Valley are aquifers
containing water that is high in salt and sulfur. Precambrian rocks
are satisfactory aquifers for domestic supplies only where fractured.
The best aquifers are sand and gravel of alluvial and glacial deposits.
Permafrost, where continuous and deep north of the Arctic Circle makes
utilization of wells difficult. In relatively thin permafrost little
heat is required from the water in the aquifer, or from a built-in
heating unit, to keep the well open. Wells offer a potential means of
supplying water where surface water has high turbidity, or required
expensive intakes, filtration, plants, or pipelines.

Brandon, L. V. (1963) "Evidences of Ground Water Flow in Permafrost Regiomns,"
Proceedings: Permafrost International Conference, National Academy of
Sciences - National Research Council, Publication 1287, pp. 176-177




Abstract

Springs and drilled wells provide evidence for ground water flow.
Three other forms of evidence are apparent in ground-water discharge
areas. These are base flow of rivers, variations in the chemical
composition of river waters, and vegetation peculiar to an area as a
consequence of ground water discharge. Resources do provide evidence
of winter flow which can, in part, be attributed to ground water discharge.

Brandon, L. V. (1965) "Groundwater Hydrology and Water Supply in the District
of Mackenzie, Yukon Territory, and Adjoining Parts of British Columbia,"
Geological Survey of Canada Paper 64-39, 102 pp.

Abstract

This report is based on a reconnaissance study of the ground-water
hydrology of the District of Mackenzie (527,490 square miles), Yukon

Territory (207,076 square miles), and a small adjacent part of British
Columbia.

Field work was carried out during the summers of 1960 and 1961,
when the writer travelled by aeroplane, canoe, and car over part of

the area and visited settlements, type locations, and places where
springs are known to occur.

The report is in three parts. The first part outlines the ground-
water hydrology of the area and indicates the effect of physiography
and geology on streamflow. The second part describes a number of
thermal springs in the area. The third part describes the availability
of groundwater in many towns and settlements.

Brewer, M. C. (1955) "Geothermal Investigations of Permafrost in Northern
Alaska," American Geophysical Union Transactioms, Vol. 36, No. 3, p. 503

Abstract

Maximum depth of permafrost is 1,330 ft, and the minimum temperature
is ~10.6°C, recorded below the depth of seasonal temperature fluctuation
(70-100 ft). Lakes deeper than 7 ft do not freeze to the bottom in winter
and may have an unfrozen zone approaching several hundred feet in depth
beneath them. Frozen ground within the upper 100 ft of depth probably
does not extend outward more than a few tens of feet from the shore of
Arctic Ocean, although frozen ground may be present at greater depths.

Brewer, M. C. (1958a) "The Thermal Regime of an Arctic Lake," American
Geophysical Union Transactions, Vol. 39, No. 2, pp. 278-284

Abstract

Permafrost underlies the shallow lakes, but an unfrozen basin several
hundred feet deep may extend beneath the deep lakes.



Brewer, M. C. (1958b) "Some Results of Geothermal Investigations of
Permafrost in Northern Alaska," American Geophysical Union Transactions,
Vol. 39, No. 1, pp. 19-26

Abstract

Depth of permafrost varies with latitude, length of seasons,
surface cover, proximity to the ocean, and distribution of rivers
and large lakes that do not freeze to the bottom. Depth of permafrost
decreases from 1,330 ft 8 miles from the ocean to indicated depths of
1,045 ft at a point 1,200 ft from the sea, and 670 ft at a point 400 ft
from the ocean; the latter depths are slightly modified by nearby lakes.
Permafrost temperature increases rapidly toward the ocean. At a point
390 ft from land, data suggest that permafrost is present to more than
400 ft below the sea bottom. Ocean bottom temperatures are below 0°C
until ocean depths at 500-1,000 ft are reached, and therefore permafrost
must extend seaward to ocean depths of 500-1,000 ft. The driller's log
of the hole drilled in the ocean floor indicated no frozen material to
100 ft and the possibility of frozen ground from 100 to 205 ft and the
unfrozen layers from 205 to 326 ft below the ocean floor. However, all
the formations but the upper few feet have temperatures below 0°C, and
are by definition perennially frozen.

Lakes are divided into two groups: (1) those that are 2-3 ft deep
and freeze to the bottom in winter, and thaw to a few feet beneath
their beds each summer, and (2) those that are 6-9 ft deep, do not freeze
to the bottom each winter, and have much deeper thawed zones beneath
their beds. Lakes having a diameter of half a mile and a depth of at
least 7 ft may have thawed basins beneath them to a depth of 200 ft or
more. If the lakes are underlain by sand or gravel of favorable water-
bearing characteristics, they could provide a small year-round supply
of fresh water. Within 5 miles of the coast, the sediments beneath such
lakes may contain saline water.

Permafrost temperatures beneath small rivers that freeze to the bottom
each winter are modified by the warming action of river water. Drilling
on a bar along the Shaviovik River and at sites one-quarter mile on either
side of the river show that the river produced a 3°C warming of permafrost
temperature to a depth of 135 ft. Temperatures of these holes are expected
to converge with the normal permafrost temperature gradient at greater
depth.

The best year-round water source in the Arctic is an uncontaminated
lake or stream, having a minimum water depth of at least 7 or 8 ft.

Broadwell, J. A. (1945) "How CAA Engineers Meet Construction Problems North
of the Arctic Circle,'" Pacific Builder and Engineer, Vol. 51, No. 4,
Pp. 55-56

Abstract

The Civil Aeronautics Administration airstrip at Kotzebue, Alaska,
is on a sandy beach ridge about 50 ft from Kotzebue Sound. Fresh water



was obtained by digging a shallow well only 100 ft from the sound. Water
level in the well was 5 or 6 ft below sea level. Permafrost between the
site of the well and the sound formed a barrier to encroachment of salt
water. Softening and chlorination of the well water was necessary. At
Shungnak, Alaska, a well was dug less than 100 ft from the riverbank of
the Kobuk River. The well passed from sandy soil into gravel, but it was
entirely in frozen ground. No water was found at least 15 ft below the
level of the river. The hole was filled with gravel and converted into

a cistern into which river water was pumped.

Brooks, A. H. (1907) '"The Circle Precinct (Alaska)," U.S. Geological Survey
Bulletin 314-K, pp. 187-204

Abstract

On Harrison Creek the gravel deposits are not frozen, and water
circulates freely throughout the year. Creek-valley alluvium along
Eagle Creek is 8-20 ft thick, of which 5-15 ft is muck; the gravel is
not frozen and contains freely circulating water all winter. Similar

water-bearing unfrozen zones occur in the alluvial deposits on Deadwood
Creek.

Brown, I. C. (1958) "Geological Map of the District of Mackenzie, Northwest
Territories,' Map 1055A, Geological Survey of Canada

Abstract

Map relevant to the geology of the Mackenzie River Valley Region,
N.W.T.

Brown, R. J. E. (1967) "Permafrost in Canada," Map 1246A, Publication No.
NRC 9769, A Joint Publication of The Geological Survey of Canada and
The Division of Building Research

Abstract

This map shows the areal distribution of continuous and discontinuous
permafrost in Canada.

Brown, R. J. E. (1969) "Factors Influencing Discontinuous Permafrost in
Canada," The Periglacial Environment, Edited by Troy L. Pewe, McGill-
Queens University Press, Montreal, pp. 11-55

Abstract

Discontinuous permafrost forms a broad transition between areas with
no permafrost and the continuous zone. From a study of available
literature and field observations over the past decade, the approximate
distribution and nature of the discontinuous zone in Canada has been
established. East of Hudson Bay, discontinuous permafrost extends from
the Laurentide Scarp, north to about 58° north. Between Hudson Bay and
the Cordillera it extends northwesterly in a broad band several hundred



miles wide to include the northern portions of the provinces and the
southern portions of the territories. 1In the Cordillera, permafrost
occurs at high elevations south to the 49th parallel and farther.
Climatic control of the broad pattern of permafrost distribution is
borne out by its relation to mean annual air temperature. Between the
30°F and 25°F mean annual air isotherms permafrost islands vary from

a few feet to several acres in extent, to a maximum of about 50 feet

in thickness, having temperatures between 30°F and 32°F. Between the
25°F and 20°F mean annual air isotherms, permafrost is widespread,

50 to 200 feet thick having temperatures down to approximately 23°F.
Permafrost is virtually continuous north of the 20°F mean annual air
isotherm. Climate is responsible generally for the existence of perma-
frost but the distribution of individual islands is conditioned by
variations in microclimate and terrain features such as relief, drainage,
vegetation, and snow cover. The extent of permafrost fluctuates in
response to changes in climatic and terrain features with time. The
permafrost in Canada's discontinuous zone probably formed after the
final retreat of Pleistocene ice sheets or post-glacial inundatiomns,
except in the unglaciated portion of the Yukon Territory where its
formation was periglacial.

Cederstrom, D. J. (1951) "Ground Water in Palmer, Anchorage, and Fairbanks
Areas, Alaska," U.S. Geological Survey Open-File Report, 6 p.

Abstract

The Fairbanks area consists of a low plain underlain by silt, sand,
and gravel, which is perennially frozen in form of wedges ranging in
thickness from O to 250 ft, and silt-mantled bedrock hills. In the plain
at Fairbanks small-diameter wells, 15 to 250 ft deep, obtain water from
above or below permafrost. The wells are constructed by the jet-drive
method, and no real difficulty is experienced in keeping them in operation.
Two-inch diameter wells produce as much as 40 gpm, and the large-diameter
wells yield more than 800 gpm. Water quality is poor, largely because of
a high-iron content.

Cederstrom, D. J. (1952) "Summary of Ground-Water Development in Alaska, 1950,"
U.S. Geological Survey Circular 169, 37 p.

Abstract

This report discusses present and possible future ground-water
development in a number of localities through Alaska. Substantial
development of ground-water supplies is found only in Anchorage, Palmer,
and Fairbanks. Elsewhere, few wells are:present and possibilities of
ground-water development have been almost entirely unexplored. Large
quantities of ground water of good to poor quality are available in
extensive areas of intermontane sandy fill and sandy glacial deposits.
Nothing specific is known of possible yields in hardrock areas, or in
rocks of any kind in southeastern Alaska. Much remains to be learned



about ground-water occurrence, particularly with reference to the
needs of growing communities, military establishments, and some areas
of potential industrial activity.

Permafrost is a factor to be dealt with in development of water
supplies in many northerly localities. In the north, permafrost is
thick; but it thins southward and becomes more and more discontinuous
until it is entirely absent. Except where thick and continuously
distributed, permafrost does not preclude ground-water development,
for it occurs in many places beneath permafrost or in thawed zones
between permafrost. Permafrost is a serious problem north and west
of the Alaska Range. Near Fairbanks permafrost is as much as 200 ft
thick in the valley flat, but is discontinuous. In the vicinity of
major streams and rivers permafrost is ordinarily absent, particularly
on the "slip-off" side of the meander, but it is present in the steep
face of cut banks on the opposite shore. Even near the cut bank, perma-
frost may be thin, and it is commonly absent beneath abandoned channels
a half mile or more from the river. North of the Brooks Range permafrost
many hundreds of feet thick makes ground-water development impracticable,
except possibly along the Colville River.

Cable-tool drilling offers no special problems; frozen materials
generally stand well in the hole, but casing is required to shut off
thawed running sand or silt and to prevent caving due to thawing as the
hole warms during the drilling. Casing will freeze to the walls of holes
only where permafrost is several degrees below freezing or during periods
of idleness. A productive well will not freeze if pumped regularly, and
the plug of ice that sometimes forms inside the casing during idle periods
can be thawed by hot water, steam, or salt.

Thicknesses of permafrost greater than 150 ft have been penetrated
by 2-in. driven wells using cone-shaped drive head, above which are
1/4-in. perforations and through which a 1/2-in. thaw line projects as
much as 18 in. The thaw line delivers water at 33° to 40°F which
melts sufficient permafrost to permit driving the pipe. At shallow depths
skilled drillers can make 30-40 ft per day, but progress below 80-100
ft may be as little as 1 or 2 ft a day.

Shallow wells dug in materials above permafrost supply a small amount
of poor-tasting water, but the wells decrease in yield or freeze completely
in winter. Supplies are obtained in some places where a depression in
the permafrost formed beneath stripped ground or heated buildings.

Cederstrom, D. J., P. M. Johnston and Seymour Subitzky (1953) ''Occurrence and
Development of Ground Water in Permafrost Regions," U.S. Geological Survey
Circular 275, 30 pp.

Abstract

Ground water in permafrost regions occurs mainly in unfrozen ground
which is (a) under and adjacent to large rivers; (b) in or near the smaller
streams; (c) in or near standing bodies of water, such as lakes occupying
abandoned channels or muskeg lakes; (d) in newly deposited alluvium formed



on the concave side of present river meanders but not necessarily

adjacent to the river; (3) in dry abandoned channel scars or lakebeds;

(f) in places where insulating vegetation mat has been stripped, allowing
deep thaw; and (g) on south-facing hillsides. The procedure for surveying
ground-water resources follows that of Muller (1945). Description of
ground-water recovery includes discussion of drilling methods, drilling
fluids, and winterization of drill rigs employed by Government agencies,

petroleum and mining companies, and water-well drillers in Alaska and
northern Canada.

Water distribution systems and water sources are described for

Fairbanks, Nome, Dawson, Yellowknife, Donjek River, Kluane Lake, and
Fort Chemo.

Further studies of the occurrence of ground water in permafrost
regions should be undertaken along the following lines: (a) Continuation
of literature search; (b) establishment of a research investigation,
including drilling in some area north of the Arctic Circle in Alaska
to obtain data on occurrence within the continuous-permafrost zone; and
(c) development of geophysical methods and use of them in alluvial valleys
where geologic information and drilling information make checking of
the results possible.

Cederstrom, D. J., Clyde Wahrhaftig and F. F. Barnes (1959) "Ground Water

Hydrology in Alaska,'" First International Symposium on Arctic Geology,
Calgary, Canada, Vol. 12, No. 12

Abstract

Ground-water studies, begun in 1947, have been made at Fairbanks,
Anchorage, Matanuska Valley, Kotzebue, Pribilof Islands, and Bethel.
The Tanana Valley, in which Fairbanks is located, with its gravelly
fill was found to be one of the most prolific sources of ground water
in the world. In this area, permafrost is a minor problem in developing
ground water, as is high iron content in the water. Central Alaska
may be characterized as an area where large alluvial valley fills contain
much ground water. Northward, however, permafrost becomes more and more
of a problem.

Chernyshev, M. TIA (1935) "Search for Underground Water in Perpetually Frozen
Areas," American Water Works Association Journal, Vol. 27, pp. 581-593

Abstract

Finding water in perpetually frozen ground offers difficulties, and
the methods used to find it are different from those ordinarily used.
They are closely associated with common geologic practice and with the
climate in a given region and are difficult to use in other regions.
Three types of water occurrence are considered.

1. Subsoil water found in thick alluvium above perpetually frozen
ground is the result of infiltration of precipitation and condensation of
moisture during the frost-free season. Because of underlying permafrost



the subsoil water is not a source of large supplies, and tends to

be erratic in quantity and to dry up toward the end of winter. 1In
winter, when the water-bearing layer is compressed between the down-
ward penetration of winter freezing and permafrost, the water under
hydrostatic pressure breaks through to the surface at the weakest
point in the seasonally frozen layer. The water forms an icefield;
under heated buildings the water can emerge with less difficulty and
may inundate the building, freezing and filling the structure with
ice. Subsoil water trapped between the seasonal frost and the perma-
frost is not an abundant and dependable supply of water, and the
springs formed are not dependable. It is best developed by erection
of shallow wells with timbered frames or underground drain galleries;
however, withdrawal of water may exhaust the water-bearing layer and
permit freezing of the galleries; so the wells and galleries should
be protected from freezing air temperatures, possibly by an earth
embankment around well or gallery. The water in regions of perpetually

frozen ground is characteristically soft, and sometimes contains high
amounts of iron.

2. Springs are a more constant and abundant supply of water,
which rises from very deep strata through the permafrost. They occur
in the cracks of the scarps and are common in areas underlain by granite
and crystalline schists. Springs are of either fresh or mineral water;
some hot and warm waters are of the nitrous-acid type, most cold waters
are of the carbonic-acid type. Springs are common on sunny slopes and
even on mountaintops; their waters saturate the soil downslope, providing
sufficient moisture for growth of thickets of trees (some tilted) on
ice hillocks. Some springs, when localized, form ''ice-volcanoes' at
the surface; others, composed of warm water, form open-water channels
that pass downslope into icefields. The best time to search for springs
is February or March, when they can be recognized by icefields, or
"heaps,' and because at this time of year a flow probably indicates
a spring origin, not an origin in subsoil water.

Reconnaissance investigation of a spring should be made in March
to fix its limits, with detailed exploitation of the water source in
the summer. During reconnaissance, a topographic survey of the outlet
should be made, and the icefield sketched. Velocity of the running
water is measured. Where the outlet is under water, the highest temperature
measurement will be closest to the spring outlet, and measurement of
the direction of currents in an icefield may enable location of the
outlet. Shallow borings and excavations to locate the deepest thawed
ground and rise of ground temperatures toward the source of water also
show the position of the spring outlet. Heads of springs commonly form
ice cones in late winter. Definition of the limits of the funnel within
which the spring occurs is done during the detailed investigation by a
system of '"chessboard" borings and pits made near the outlet. From these
excavations and borings, geologic maps with notations of permafrost and
ground-water level can be made. In the center of the funnel in permafrost,
an excavation is made suitable for pumping water. Where the spring outlet
is discovered, the whole thawed layer and outlet may be intersected at
several points by a collection gallery. Where there are several outlets
separated by permafrost, each outlet is blocked and its water diverted
to the lowest. Pumping tests and water-level observations should be made,
and the waste water led away by way of gutters downslope; at the beginning
of pumping the water yield is always more than that established later.



3. Artesian water from beneath the permafrost comes generally
from horizons in alluvium in which impermeable confining layers are
above and below the water-bearing layer and cause hydrostatic pressure
(head). Artesian water occurs, in some places, in perpetually frozen
ground, and may also consist of juvenile water; artesian water is
found only in comparatively young sedimentary and volcanic formations

(Jurassic and Tertiary) and in volcanic formations of Jurassic, Cretaceous,
and Tertiary age.

Investigation of artesian water requires detailed geologic examination
and deep boring. Temperatures of perpetually frozen ground and of the
water are measured to insure that the water passing through the borehole
in permafrost will not freeze. Water should be kept flowing through the
borehole rapidly to enable the water to warm the pipes and thaw sufficient
frozen ground around the pipes. It is also advisable to heat the hole,
at the beginning of work, by steam through pipes from the boiler. Further
special heating measures are generally not required.

Clark, L. K. and A. J. Alter (1956) ''Water Supply in Arctic Areas; Design
Features,'" Journal of Sanitary Engineering Division, Vol. 82, No. SA-2,
Paper 931, pp. 931-1~931-11

Abstract

Ground water obtained from wells through permafrost is subject
to freezing in the withdrawal pipe from underpumping and to freezing in
the aquifer from overpumping. Well and pump installatieons are subject
to damage by frost heaving. Ground water is warmer than surface water in
winter and requires less heating before distribution. Water levels fluctuate,
reaching the lowest level in late winter and early spring; in some places,
well supplies have been entirely depleted at this time of year. Test
pumping during the spring low water period will aid in determining
reliability of yield.

Craig, B. G. (1957) "Glacial Lake McConnell, and the Surficial Geology of
Parts of Slave River and Redstone River Map-areas, District of Mackenzie,"
Geological Survey of Canada Bulletin 122, p. 33

Abstract

The area was completely glaciated by the Wisconsin Laurentide ice-
sheet, which extended westward into Mackenzie Mountains. There is no
evidence that Cordilleran ice entered the area from the west.

A vast glacial lake, Glacial Lake McConnell, which extended from
Great Bear Lake through Great Slave Lake to Lake Athabasca, was formed
during deglaciation as a result of differential isostatic depression
toward the east. This lake originated as three separate lakes in the
three basins but became one vast lake as the topographic low between
Great Bear Lake and the northwest arm of Great Slave Lake, and the
Slave River Lowland became ice-free. Elevations of lacustrine features
that formed during the maximum stand of the lake are about 925 feet above
sea-level along its eastern boundary and decrease westward. Subsequent
isostatic readjustment lowered water levels until the large glacial lake



separated into smaller lakes, one of which was ancestral to Great Slave
Lake. The minimum amount of readjustment indicated in this basin is
slightly over 2 feet per mile.

During the earliest phases of ice-retreat, flow was diverted to the
north and south by the mountain barrier along Mackenzie and Liard Rivers.
Subsequent marginal thinning and eastward retreat produced a radial
pattern of flow features in the western part of the area. Stagnation on
Horn Plateau while ice was flowing actively on either side of it formed
two lobes in the east-central part of the map-area. During the last
phases of deglaciation flow was to the southwest and the ice-margin was
almost parallel with the edge of the Precambrian Shield.

Cronkwright, A. E. (1947) "Water Supply Problems of the Arctic,' Public Works,

Day,

Vol. 78, No. 8, pp. 18-20

Abstract

In Arctic and subarctic regions abundant surface water of good
quality can be obtained from rivers and lakes in summer; but in winter
surface water is scarce, for rivers freeze nearly to the bottom and
have restricted flow, and only the deeper lakes have water beneath the
ice cover. At an unspecified Army post on Baffin Island plans were
made for obtaining winter water supply from a river that in summer was
one-quarter mile wide and 1C to 20 ft deep. Restricted streamflow, thick
ice, and drifting snow on the access road rendered these plans impracticable,
and water that was mineralized and of high color was obtained from a lake.
Permafrost extends into bedrock at least 100 ft below the ground surface
at this base and is hard to drill. The possibility of using high-speed
rock drills in frozen rock should be investigated. At a large subarctic
base, water was distributed by pipelines laid on the surface in insulated
boxes. At small bases, a location close to water, such as a deep lake, is
required or else snow and ice can be melted for camp use.

J. H. (1968) "Soils of the Upper Mackenzie River Area, Northwest Territories,"
Research Branch, Canada Department of Agriculture, Ottawa, p. 77

Abstract

The surveyed area consists of approximately 4,787,500 acres in the
southwestern part of the Northwest Territories. It includes the lands
west of the Hay River in a wide band around the west end of Great Slave
Lake and down the Mackenzie River to Green Island. The area is part of
the Great Slave Lake Plain. The terrain is mostly level and gently
sloping near the lakes and the river, but farther away there are steep
slopes. The steepest slopes, which in some places are sheer rock
escarpments, mark the highest stand of Glacial Lake McConnell along the
south border of the area.

The climate is the continental type. The mean annual temperature is
about 25 F; the mean annual precipitation varies from 10 to 14 inches.



The frost-free period (32F) varies from 75 to 106 days, and the growing
season (42F) from 130 to 140 days. The Thornthwaite moisture deficiency
during the growing season varies from 5.5 to 7.9 inches.

Forest growth covers the area. White spruce and balsam poplar
form the main cover types on the river benches. At levels above the
river benches, pines, aspen, and in the moist or wet positions, black
spruce and tamarack are the tree species.

The most commonly occurring soils are Brown Wooded (30.3%) followed
by Organic soils (24.3%), Gleysols (21.5%), Regosols (4.1%), Gray Wooded
(2.7%), Podzo Regosols (2.2%), and Humic Gleysols (0.7%). About 1%
of the land is moderately and strongly sloping, and about 1.1% is very
steeply sloping and hilly. About 407% of the soils are well or imperfectly
drained, but 47% are poorly drained. About 277 of the soils have
sufficient stones on the surface to hinder cultivation.

About 127 of the soils belong to soil capability class 3 for
agriculture, and about 167% belong to capability class 4. The soils in
these classes have limitations for agriculture, but are capable of producing
cereal and forage crops. About 147 of the soils belong in class 5 and
are best suited to the production of forage crops and pasture. About

247 of the soils belong to class 7 and are not capable of use for arable
agriculture or permanent pasture.

The soil map, printed on a scale of 1:250,000 (nearly 4 miles-inch),
identifies soil areas by colors and symbols. The map also indicates the
location of settlements, roads, lakes, and rivers. The report and the

map are complementary and both should be studied to obtain information
about the soils.

Dickens, H. B. (1959) "Water Supply and Sewage Disposal in Permafrost Areas
of Northern Canada," Polar Record, Vol. 9, No. 62, pp. 421-432

Abstract

Permafrost restricts the movement of ground water and limits its
use. Supplies obtained from above or within the permafrost are of
variable quantity and of doubtful purity. Wells drilled through permafrost
are costly and may require controlled pumping or auxiliary heat to prevent
freezing of the well. Overpumping may result in freezing of the aquifer.

Dickens, H. B. (1960) "Construction in Permafrost; Obstacles of Soil and
Climate," Canadian Consulting Engineer, Vol. 2, No. 1, pp. 33-37

Abstract

The author explains the basic properties of permafrost and discusses
the problems of water supply and sewage disposal.



Douglas, R. J. W. and D. K. Norris (1961) '"Camsell Bend and Root River

Map-Areas, District of Mackenzie, Northwest Territories,'" Geological
Survey of Canada Paper 61-13, p. 36

Abstract

Camsell Bend and Root River map-areas extend from the western
Interior Plains on the east to deep within Mackenzie Mountains on
the west. The nature and thickness of the stratigraphic succession
varies considerably, depending on position relative to the plains or
the mountains. In general, about 2,000 to 3,000 feet of strata under-
lies the plains east of the map-areas. Along the mountain front in
McConnell Range of Franklin Mountains, some 6,000 feet is present
between the top of the Middle Devonian and the Proterozoic. In Whittaker
and Delorme Ranges of Mackenzie Mountains, however, some 15,000 feet
of strata was measured below the top of the Middle Devonian; in-spite

of this great thickness it is unlikely that the top of the Proterozoic
was reached.

The succession in Franklin Mountains in McConnell Range and in
the vicinity of Root and North Nahanni Rivers has been known for some
time through the work of Williams (1922, 1923) and Hume (1922). Several
of their rock units were named, and insofar as possible at this time,
they are recognized in this report. The thick succession in Mackenzie
Mountains and Liard Plateau has been described in previous reports
(Douglas and Norris, 1959, 1960) and additional data is presented here.
The succession has been divided into a large number of map-units, some
of formational status. Other map-units have been introduced to avoid
implying correlation of strata in the different ranges where uncertainties
exist, and still others to embrace sequences of rocks that were undivided
or indivisible.

In this report, names are proposed for some map-units that are
considered to have formational status. These units comprise rocks of
Ordovician, Silurian and Devonian age exposed in Mackenzie Mountains.

The new formations -- the Whittaker, Delorme, Camsell, Sombre, Arnica,
Manetoe, Funeral, Landry and Headless -- are established primarily on

the basis of gross lithology and general mappability in these and adjacent
map-areas to the south and north; their designation does not fully take
into consideration the results of stratigraphic and palaeontological
studies still in progress.

Douglas, R. J. W. and D. K. Norris (1963) "Dahadinni and Wrigley Map-areas,
District of Mackenzie, Northwest Territories," Geological Survey of
Canada Paper 62-33, p. 34

Abstract

The stratigraphic succession beneath the Plains is probably more
like that in Franklin Mountains than that of the more easterly Plains
{(Douglas and A. W. Norris, 1960). The succession in McConnell Range
of Franklin Mountains was established by Williams (1922, 1923) at Cap



Mountain and Mount Kindle within Wrigley map~area and at Mount Clark

and Saline River just north of the area. He proposed the following
Cambrian to Silurian formations: Mount Clark, Mount Cap, Saline River
Franklin Mountain and Mount Kindle. Their use here is as close as
possible to their original definition, although it has been found
necessary to raise the base of the Mount Clark Formation to correspond
with an unconformity and the Mount Kindle Formation is now considered

to be late Ordovician and early Silurian in age. Most of the formations
of the Mackenzie Mountain sequence as established in adjacent Camsell
Bend and Root River map-area (Douglas and D. K. Norris, 1961) extend
into Dahadinni River map-area. These are the Whittaker, Delorme, Sombre,

Arnica, Funeral, Manetoe, Landry and Headless Formations, of Ordovician
to Middle Devonian age.

Ellsworth, C. A. (1910) '"Water Supply of the Yukon-Tanana Region (Alaska),
1909," U.S. Geological Survey Bulletin 442~F, pp. 251-283

Abstract

Impermeability of the frozen ground prevents significant under-
ground storage of water and makes uniform distribution of the total
runoff impossible. Water derived from thawing of frozen ground during
summer is of minor importance.

Fernald, A. T. (1959) "Geomorphology of the Upper Kuskokwim Region, Alaska,'
U.S. Geological Survey Bulletin 1071-G, pp. 191-279

Abstract

Wells at McGrath on the flood plain of the meandering Kuskokwim
River provide subsurface data on frozen ground in:the lowland. On the
older parts of the meander scrolls 5 wells passed through the bottom of
permafrost at depths ranging from 15 to 40 ft, and 6 wells at depths
of 40-50 ft. Wells on the newer parts of the meander scrolls, including
the 262-ft Federal Aviation Agency well, are free of permafrost. At
Farewell Federal Aviation Agency airstrip a 360-ft well passed through

a zone of permafrost the bottom of which is reported as both 12 and 125
ft by different sources.

Ferrians, Jr., Oscar J., Reuben Kachodoorian, and Gordon W. Greene (1969)
"Permafrost and Related Engineering Problems in Alaska," U.S. Geological
Survey Professional Paper 678, p. 37

Abstract

Permafrost, or perennially frozen ground, is a widespread natural
phenomenon. It underlies approximately 20 percent of the land area of
the world. The permafrost region of Alaska, which includes 85 percent
of the State, is characterized by a variety of permafrost-related
geomorphic features including patterned ground, pingos, thaw lakes,
beaded drainage, thaw or thermokarst pits, and muck deposits. Known
permafrost thickness ranges from about 1,300 feet near Barrow in northern
Alaska to less than a foot at the southern margin of the permafrost region.
The distribution of permafrost is controlled by climatic, geologic,
hydrologic, topographic, and botanic factors.



The extensive permafrost region of Alaska poses special
engineering problems for the design, construction, and maintenance
of all types of structures. Lack of knowledge about permafrost has
resulted in tremendous maintenance costs and even in relocation or
abandonment of highways, railroads, and other structures. Because
of the unique geologic-environmental conditions that exist in perma-
frost areas, special engineering procedures should be used, not only
to minimize disruption of the natural environment, but also to
provide the most economical and sound methods for developing the
natural resources of the permafrost region of Alaska.

Fraser, J. K. (1956) "Physiographic Notes on Features in the Mackenzie
Delta Area," Canadian Geographer, No. 8, pp. 18-23

Abstract

Associated with landslide debris on the slopes of low hills bordering
the eastern margin of the Richardson Mountains, near Aklavik, North-
west Territories, are three pingolike features. Pingos, according to
most workers, are formed by hydrostatic pressure in a subsurface layer
of unfrozen soil confined by frozen layers. This pressure forces a
mixture of water and fine materials upward through a rupture in the
upper permafrost layer; their formation appears to require fine homo-
geneous material saturated with water, as, for example, occurs in
shallow ponds or old lake beds. The pingos on the slopes of Mount
Goodenough (Black Mtn.) are (1) a conical hill 60 ft high containing
a crater with a pool 25 ft across, (2) a circular pool 40 ft across
in which the ice was cracked and arched, with mud showing in the crack,
and (3) a circular crater about 85 ft in diameter contained by a low rim
about 18 ft high and breached downslope. Two theories of origin are
advanced: (1) that they are of thermokarst origin, and (2) that their
formation is similar to that of pingos.

Feulner, Alvin J. and John R. Williams (1967) ''Development of a Ground-Water
Supply at Cape Lisburne, Alaska, by Modification of the Thermal Regime
of Permafrost,'" U.S. Geological Survey Professional Paper 575-B, pp.
B199-B202

Abstract

A water supply has been developed in formerly frozen alluvium
beneath a small intermittent stream by modification of the thermal
regime of permafrost. The modification, largely a byproduct of road
and reservoir construction, was effected by: (1) removal of tundra
vegetation and the upper few feet of alluvium, which allows warming
of gravel and water in the summer; (2) construction of a reservoir
upvalley, from which water recharges the alluvium during the summer;
and (3) installation of galleries downvalley from the reservoir to
collect the water. Similar methods may make it possible to obtain
water supplies elsewhere in arctic regions where stream alluvium
extends below the depth of winter freezing.



Grainger, J. W. (1958) '"Water and Sewer Facilities in Permafrost Regions,'
Municipal Utilities Magazine, Vol. 96, No. 10, pp. 29, 62-67

Abstract

Water in permafrost regions may be obtained from wells, rivers,
lakes, ice, and the ocean. River water can be exploited by standard
methods or with portable pumps where permafrost, unstable soil
conditions, or the problem of ice erosion of river banks exist. Water
can be obtained from lakes by extending intake pipe out into the lake.
It can be obtained from just below the ice of the Arctic Ocean near

the mouths of rivers because the fresh river water floats on the heavier
salt water.

Hitchon, Brian, A. A. Levinson and S. W. Reeder (1969) '"Regional Variations
of River Water Composition Resulting from Halite Solution, Mackenzie

River Drainage Basin, Canada,' Water Resources Research Vol. 5, No. 6,
pp. 1395-1403

Abstract

The composition of surface waters in the Mackenzie River drainage
basins falls into three general groups: (1) rivers entering the Slave-
Mackenzie system from the west which have sum-of-constituents 100-200
mg/l and chloride in the range <1 mg/l in their headwaters to 2-5 mg/l
at their mouths; (2) surface waters on the Canadian Shield which have
lower sum-of-constituents (<100 mg/l) and chloride (<1 mg/1l); and (3)
the Slave and Mackenzie rivers and the Great Bear and Great Slave Lakes,
which have sum-of-constituents 100-200 mg/l and chloride 5-10 mg/1.
Hydraulic head cross sections with evidence of solution collapse structures
and anomalous depositional thicknesses indicate extensive solution of
Middle Devonian halite and movement of the resulting brines to discharge
areas at the principal Devonian outcrop near the Slave River. Chemical
and isotopic analysis of saline springs in the discharge area confirms
an origin by solution of halite (and gypsum) by meteoric water.

Hopkins, David M., Thor N. V. Karlstrom and Others (1955) ''Permafrost and
Groundwater in Alaska," U.S. Geological Survey Paper 264-F, pp. 113-145

Abstract

The distribution of ground water in Alaska affects and is affected
by the distribution of permafrost. Present knowledge of permafrost and
groundwater conditions is summarized for the following representative
areas of Alaska: The Arctic slope and northern Seward Peninsula in the
continuous-permafrost zone; southern Seward Peninsula, the Yukon Flats,
the middle Tanana Valley, and the upper Kuskokwim Valley in the discontinuous-
permafrost zone; the Britol Bay region in the sporadic-permafrost zone;
and the Kenai lowland in the no-permafrost zone. The application and
limitations of aerial-photograph interpretation in permafrost studies
also are discussed.



Regional climatic differences result in a transition from thick,
continuous permafrost in northern Alaska to permafrost-free terrain in
southern Alaska. However, local differences in topography, lithology,
and drainage result in sharp local differences in the character and
distribution of permafrost that tend to obscure the regional zonation.
Moreover, frozen ground formed during past cold periods persist to the
present time in many areas, so that the distribution pattern is not
exclusively the product of present-day climates.

Much of the ancient frozen ground is differentially thawing today.
Recently formed frozen ground also thaws locally where natural or
artificial alteration of the landscape alters the thermal regimen of
the ground. Thus, both recent and ancient permafrost are interrupted
horizontally and vertically by thawed zones through which ground water
may circulate. Conditions that favor active circulation of water, both
at the surface and at depth, promote thawing of permafrost and retard
formation of new permafrost. Consequently, potential aquifers are
similar in character but more restricted in size and abundance in
permafrost areas than in areas of no permafrost.

Aerial photographs are almost indispensable to geomorphic studies
in Arctic and subarctic regions. Their use permits recognition of many
features and geomorphic relationships difficult to discern on the ground
and allows controlled extrapolation of field data into nearby areas.

Hubbs, G. L. (1963) "Water Supply Systems in Permafrost Areas,'" Proceedings:
Permafrost International Conference, National Academy of Sciences ---
National Research Council, Publication No. 1287, pp. 426-429

Abstract

Adequate water supply is basic for the continued growth of any
community. In permafrost areas the attendant difficulties in providing
this supply are numerous and complicated. The main concern here is to
find workable solutions for safe and plentiful water supplies that are
economically feasible for both large and small communities.

Hughes, O. L., V. N. Rampton and R. J. Fulton (1968, 1969, 1970) '"Reconnaissance
Maps of Surficial Geology along the Lower Mackenzie Valley and adjoining
Coastal Plains," on open file in the Geological Survey of Canada Office
in Calgary.

Abstract

These maps comprise a generalized overview of the surficial materials
along the lower portion of the Mackenzie River Valley and Arctic lower
coastal plain.

Hume, G. S. (1954) "The Lower Mackenzie River Area, Northwest Territories and
Yukon," Geological Survey of Canada Memoir 273, p. 118

Abstract

This publication contains three maps on the geology of the Mackenzie
River Area.



Hyland, W. L. and M. H. Mellish (1949) "Steam Heated Conduits -- Utilidors -—-
Protect Pipes from Freezing,'" Civil Engineer, Vol. 19, No. 1, pp. 27-29

Abstract

Churchill, Manitoba, Canada, obtains its water by way of pipeline
from a lake; the subsoil is not suitable for wells. At Fairbanks,
Alaska, individual domestic wells are as deep as 200 ft; the sandy and
gravelly soil is perennially frozen, but is water-bearing below and
between layers of permafrost.

Hyland, W. L. and G. M. Reece, (195la) '"Water Supplies for Army Bases in

Alaska,'" New England Water Works Association Journal, Vol. 65, No. 1,
pp. 1-16

Abstract

Near Fairbanks, shallow lakes and streams, deep freezing in winter,
flat terrain, and high suspended load of some streams make development
of surface-water supplies impracticable. Adequate supplies of ground
water are found below permafrost at depths of 60-180 ft. The water
is about 35°F and does not meet the U.S. Public Health Service standards
for iron and manganese content. The high iron and manganese content
seems characteristic of permafrost regions. Because of the high cost
of shipment of dry chemicals, and because base regulations required
0.4 ppm chlorine in the treated water, the chlorine method was found
most practicable for removing the iron and manganese and at the same
time adding chlorine to the water. Chlorine is applied to the water
and is followed by settling and sand filtration.

Janson, Lars-Eric (1963) '"Water Supply Systems in Frozen Ground,' Proceedings:
Permafrost International Conference, National Academy of Sciences --
National Research Council Publication No. 1287, pp. 430-433

Abstract

Consideration must be given to several factors when determining an
underground layout depth for water pipelines and sewers. In northern
Sweden, the zero-isotherm or frost-free depth, is in most cases the only
determining factor.

In these areas, the frost depth is very uncertain and, to a large
extent, extremely sensitive to variations in the mean annual temperature,
especially in snow-cleared ground. As stated in an earlier publication,
a succession of years with cold winters along with cool summers and
autumns or little precipitation may result in lowering of the mean annual
temperature of the ground to O° or below. This implies that the frost
depth may, at a certain critical mean annual temperature in the ground,
suddenly go much deeper than normal.



Mean temperature variations in these areas make it difficult to
establish a frost depth which will be decisive in choosing a laying
depth for water pipelines. A 2.4 to 2.6 m laying depth has been adopted
for the present; it corresponds to the frost depth of most cold winters.
Because frost depth may be considerably greater, freezing in pipelines
will be fairly frequent. This is confirmed by the fact that every year
large sums are spent on repair and thawing of frozen water pipelines
and sewers.

Jenness, J. L. (1949) "Permafrost in Canada,'" Arctic, Vol. 2, No. 1, pp. 13-27

Abstract

The bed of the Mackenzie River near Norman Wells is unfrozen. Wells
100 ft, 200 ft, and 350 ft from the water encountered permafrost thicknesses
of 60 ft, 135 ft, and 267 ft, respectively. The beds of Great Bear, Great
Slave and other lakes are unfrozen.

Two theories may account for the presence of an unfrozen zone
separating the permafrost from the active layer: 1) that the permafrost
below the unfrozen zone is a relic of past harsher climate and that the
present climate is not severe enough to form permafrost; and 2) that
the unfrozen zone may be a recent aquifer developed on or near the top
of permafrost, in which freezing of the active layer may compress the
aquifer, giving rise to hydrostatic pressure that prevents its water
from freezing, even when its temperature falls below 0°C. The second
theory is unlikely because it is hard to imagine that ground water could
force its way through already frozen soil to form such unfrozen zones.
However, some unfrozen zones may result from the failure of permafrost
to form in aquifers having a high mineral content. A map shows the
distribution of permafrost in Canada.

Kamenskii, G. N. (1947) "Hydrogeological Investigations of the Sources of
Water Supply Under Permafrost Conditions," Poiski i Ra:vedka Podzemnykh
Vod: Moscow-Lenigrad, Gosgeolizdat, Chapter 6, pp. 196-201 and pp. 281-283

Abstract

Prospect drilling for water in ground having negative temperatures
is complicated by freezing of the drilling tools in the hole; this problem
can be eliminated by using heated water, steam, and brine sollutions during
drilling. Systematic measurement of temperatures should be made during
drilling, either with slow-recording or electric thermometers, in order to
determine the depth of the lower boundary of permafrost and the presence
of talik, as shown by positive temperatures. Test-pumping experiments are
made to determine the efficiency and reserves of ground-water reservoirs.

Of the various types of suprapermafrost water, that confined in
thick alluvial deposits which do not completely freeze in winter is of
significance. Yield of suprapermafrost waters is subject to fluctuation



Throughout the year, and the maximum and minimum yield must be determined
by research work. Determination of maximum production is made during

the summer when thawing is at its maximum pumping is done by using the
"Tim method" (Thiem?) in conjunction with calculations of the distribution
of flow, or by practical exploration methods of interaction of drill holes.
In summer, it is important to consider influence of surface water on
productivity of aquifers, especially those connected hydraulically with
rivers. Determination of minimum flow is made during the maximum freezing
period in late winter when the weak suprapermafrost supplies freeze; even
the better aquifers are reduced to a minimum. Test pumping in this case
must be prolonged 10 to 15 days, or even 1 to 2 months. Under these
conditions recharge of the aquifer is stopped and the reserves diminished.
The estimate of reserves should not be based solely on the natural distribution
of flow, but on the measure of temporary reserves that are recharged during
the period of summer thawing. Methods of test pumping of suprapermafrost
waters for productivity are the same as for artesian waters and shallow
aquifers. Investigations are recommended of icings and hydrolaccoliths
originating from subpermafrost and suprapermafrost waters. The flow of
water that forms icings can be determined by measurements of the volume

of ice. Information on the thickness of permafrost is given, and the
increase in temperature is cited as 1°C per 100 m depth in permafrost
regions.

Mining operations are commonly facilitated by permafrost which maintains
stability. However, in the Amderma region, the mines are infiltrated by
salt water which has a temperature of -5°C near the surface. The permafrost
layer, about 400 m thick, has a temperature of -4.8°C at a depth of 215 m.
Comparison of chemical analyses of sea water and water from mines near the
coastline shows that salt water will penetrate permafrost layers and
hamper mining operations.

Krynine, D. P. and W. R. Judd (1957) "Principles of Engineering Geology and
Geotechnics,'" McGraw-Hill, New York-London-Toronto, p. 730

Abstract

Ground water above permafrost in summer may be a limited source of
supply, but because of its shallowness, it is subject to contamination and
commonly disappears in winter. If the active layer is in impervious
materials, ground water trapped between the active zone and permafrost
may move horizontally to contribute to formation of hydrolaccoliths, or
it may form a conduit through the active zone or appear in thawed zones
beneath heated buildings or along streams and abandoned stream channels.

Water within permafrost occurs in alluvium near rivers, abandoned
river channels, or in thawed gravel beds, and even in thawed areas between
masses of permafrost, near standing water, on south-facing hillsides, and
where vegetation has been stripped.

Water below permafrost occurs in large quantities and generally
satisfies sanitary requirements; it is located in alluvium beneath
permafrost and in joints and other space in bedrock. 1In hilly regions
water under permafrost may be under high pressure and flowing wells may
result.



Icings formed at points of ground-water emergence upslope from places
where deep freezing has taken place can be controlled by construction

of frost belts at some distance upslope from the road or other structure.
Icings may be controlled also by ice fences and heating.

Law, James (1971) "Regional Devonian Geology and 0Oil and Gas Possibilities,
Upper Mackenzie River Area," Bulletin of Canadian Petroleum Geology,
Vol. 19, No. 2, pp. 437-486

Abstract

The upper Mackenzie River area is homoclinal in the east, with

broad gentle uplifts. In the west there are large anticlines and
thrust faults.

Devonian sediments thicken westwards from zero to over 10,000 ft.
Early Devonian carbonates of the Delorme, Camsell and Sombre formations
are present in the west. Early Eifelian rocks consist of basinal shales
and limestones of the Funeral Formation and dolomites of the Arnica and
Manetoe formations in the west, and evaporites of the Bear Rock and
lower Chinchaga formations in the east. Late Eifelian rocks consist
of Hume, Headless and lower Nahanni limestones and shales in the west
and upper Chinchaga evaporites in the east. The name Willow Lake
Formation is proposed for the dolomites lying between the lower Hume
and the upper Chinchaga, and the name Ebbutt Member is proposed for
the terrigenous clastic unit occurring at the base of the Willow Lake
and extending into the basal Hume and middle Chinchaga.

Givetian rocks are mostly limestones and shales with important
reef developments in the upper Nahanni and Kee Scarp carbonates. A
major uplift, the Upper Mackenzie River Uplift, which affected most
of the area, caused thinning of the early Givetian, upper Nahanni
limestones .and Horn River shales, and may have caused a mid-Givetian
unconformity.

Upper Devonian rocks consist of shales with subsidiary silstones,
sandstones and limestones.

Many anticlinal, reef and stratigraphic pinch-out traps remain
to be tested.

Lebedev, A. F. (1936) 'Soil and Ground Waters,' Akad. Nauk SSSR Izd., Moscow,
p. 314

Abstract

0ld and new theories of ground-water formation are summarized
and discussed. The laws of free, oriented and bound water migration
in the soil both up and down are discussed. Problems of soil moisture
accunulation and the role of evaporation and condensation of water
in the formation of ground ice in permafrost are explained. The soil



composed of solid or loose rock strata, frozen or unfrozen, is always
porous to water vapour to a certain degree. Water condensing in
permafrost in the form of ice layers comes from lower strata where
vapour pressure is greater.

Levinson, A. A., Brian Hitchon and S. W. Reeder (1968) '"Major Element
Composition of the Mackenzie River at Norman Wells, N.W.T. Canada,"
Geochemica et Cosmochimica Acta, Permagon Press, Vol. 33, pp. 133-138

Abstract

The Mackenzie River at Norman Wells (about 88 per cent of the
total Mackenzie drainage) has an average annual flow of 306,000 cfs,
with great seasonal variations, and a discharge-weighted average
dissolved solids content of 173 ppm which varies seasonally in the
narrow range of 162-176 ppm. The previously observed chemical similarity
between the Mackenzie and the Mississippi is confirmed.

MacKay, B. R. (1945) "Canada's Ground Water Resources from a Geological Aspect,"
American Water Works Association Jourmnal, Vol. 37, pp. 84-100

Abstract

This introduction to the report is a statement of the past studies
of the Water Supply and Borings Section, Geological Survey of Canada,
the materials available for study, and a sketch of the physiography
and geology of Canada. Most of the ground water utilized comes from
unconsolidated deposits.

Canada is divided into three major structural units, the Laurentia,
Cordillera, and Appalachia units, which are subdivided into stratigraphic
units, and further subdivided into ground-water provinces. Permafrost

" is mentioned in discussion of certain units and provinces, as follows.

In the Arctic Islands Paleozoic ground-water province, the glacial
drift is frozen, and water supplies are developed from either streams
or wells that penetrate the frost zone into underlying bedrock. In the
Arctic Islands Mesozoic province, water could be obtained from porous
sandstone aquifers below the frostline. The Appalachia structural unit
lies south of the permafrost zone, and the Cordillera unit is not
subdivided.

MacKay, J. R. (1955) "The Anderson River Map-Area, N.W.T.," Canada Department
of Mines and Technical Surveys, Geographical Branch Memoir 5, p. 137

Abstract

Even though the area lies within the permafrost zone, underground
drainage occurs. In 1951 underground drainage was observed passing
through a sand and gravel terrace near Rummy Lake, and the flow, in
the form of perennial springs, fed a creek that built an ice fan each
winter. The source of the flow was probably a lake a few hundred
yards away. Another example of drainage through sand and gravel was



seen on July 4, 1951, on the east side of Stopover Lake near the source
of Horton River. The entire flow of a stream 10 ft. wide and several
inches deep discharged into a lake 100 ft. across. The lake had no

outlet, but conical pits in the bottom were seen to be the places through
which water drained into the ground.

Ground ice in the region forms tundra polygons like those described
by Leffingwell (1919) and Black (1953); the broad ice wedges are 5-10 ft
across and probably go down 20-30 ft or more. Some ice wedges in perma-
frost extend below sea level. Polygons in the tundra flats bordering
the old channel leading from Horton River to Harrowby Bay are hardly
more than 150 years old, and some are younger because they have kept
pace with continuous infilling of the channel. Pingos occur at the
foot of Parry Peninsula, 4 miles south of Langton Bay, at 68°13' N.
122°35" W. and at 69°3' N. 120°15' W.; they are as much as 150 ft high.
In 1955, storm waves intersecting a pingo on the east side of McKinley
Bay exposed the core of clear white bubbly large-crystalled ice which was
overlain by 4-5 ft of brown sand, locally containing small clam shells.

Moore, E. W. (1949) "A Summary of Available Data on Quality of Arctic Waters,"
National Research Council, Division of Medical Science Report to

Subcommittee on Water Supply of the Committee on Sanitary Engineering
and Environment, p. 14

Abstract

Wells in Yukon Territory, Canada, near rivers yield water of good
Quality; those in permanently frozen ground freeze up in winter and
cannot be relied on for permanent water supplies. Analyses of ground
water from sandpoints in permafrost near Mayo and from a shallow well
near Klondike River (Dawson area) show, respectively, 132 and 148 ppm
dissolved solids, including 0.07 and 0.02 ppm iron.

Analyses of shallow ground water in permafrost regions of Northwest
Territories, Canada, are given for Fort Resolution and Sawmill Bay, and
other sites in which total calculated dissolved solids range from
486.7 to 3,600 ppm. The waters are hard and contain much iron; they
contain organic matter, ammonia, and albuminoid nitrogen. Wells in
permafrost seem to be unreliable in both yield and quality of the water.

Analyses of ground waters at Ladd A.F.B. (well 6), Tanana, Anvik,
and Sinuk, Alaska, are given; dissolved solids range from 178 to 458 ppm,
including iron content of 0.03-11.8 ppm. The waters are apparently
moderate to high in hardness and mineralization.

Norris, D. K., R. A. Price and E. W. Mountjoy (1963) '"Geology, Northern Yukon
Territory and Northwestern District of Mackenzie,' Geological Survey of
Canada Map 10-1963

Abstract

Map showing geology of Northern Yukon Territory and Northwestern
District of Mackenzie.



"Northwest Territories and Yukon Territory, Schedule of Wells, 1965,"
Department of Indian Affairs and Northern Development Schedule
No. 5, p. 59

Abstract

The Fifth Schedule of Wells, compiled and annotated by Officers
of the Resource Management Division, is a report of all wells drilled
and completed in the Yukon and Northwest Territories, from 1920 to the
end of 1965. Pursuant to Section 107 of the Canada 0il and Gas Land
Regulations, the information contained is compiled from Well Completion
Data Forms, and released from confidential status two years after the
completion or abandonment of an exploratory well, and thirty days for
a development well. Basic information on wells such as location,
elevation and depth is released at any time. Further details on non-
confidential wells and structure test holes can be obtained at the
office of the 0il Conservation Engineer in Calgary.

Ponomarev, V. M. (1956) "The Main Characteristics of Ground Water Formation

in Permafrost Regions," Tezisy i Plany Dokladov -- k Soveshchaniiu 1956
g. Merzlotovedeniiu, Akad. Nauk SSSR. Inst. Merzlotoveneniia, No. 2,
pp. 29-32

Abstract

The characteristics of ground-water circulation, exchange, and
chemical composition in permanently frozen rock are discussed. These
types of water are distinguished: fresh water at the surface, saline
water in the middle layer, and water vapour in the bottom zone. The
distribution of ground water in permafrost in given areas is closely
related to their Quaternary history. Areas of young rock folds
correspond to areas of the most intense ground- and surface-water
exchange, plateaus to those of medium water exchange, and lowlands to
those of very weak water exchange. Surface water forms the water-
bearing horizon of the active layer and remains in the liquid state
only a limited period of time, while ground water above the local
erosion level is usually always frozen. The upper artesian water
horizons in the north are frozen, while the temperature of those in
large geological basins is depressed. Artesian water supply occurs
through unfrozen areas under rivers, lakes, and along tectonic faults.
In north coastal regions the ground water is high in marine mineral content
and is in constant motion due to geothermal gradients.

Ponomarev, V. M, and N. I. Tolstikhin (1959) "Ground Water in Permafrost Areas,"
Osnovy Geokriologii, Pt. 1, Chap. 10, Akad. Nauk SSSR, Inst. Merzlotoved-
eniia, pp. 328-364




Abstract

The origin and characteristics of ground water in permafrost
areas and their interaction with the permafrost are discussed in
detail. The various types of ground and artesian waters are described
individually, and a table is presented giving for each type the state
of the water (whether liquid or solid), its temperature, pressure,
quality, mode of alimentation, and possible use. A map showing the
distribution of various types of ground water in the permafrost regions
of the USSR is included.

Porfir'yev, M. M. and G. V. Porkhayev (1963) "Utility Networks in Permafrost
Regions," Proceedings: Permafrost International Conference, National
Academy of Sciences -~- National Research Council, Publication No. 1287,
pp. 455-458

Abstract

The severe climate in permafrost areas makes it necessary to
provide maximum comforts for human habitation. Therefore, all modern
facilities -- water works, sewerage, central heating, power, as well as
gas supply in a number of localities ~- are widely used. In some areas
where natural fuels are scarce, all domestic needs, including heating
systems, are electric.

The main problems in designing utility nets are dependability and
continuous operation. Accordingly, their design and operating conditions
must be chosen to prevent damage to the networks by soil subsidence
after thawing, heaving, frost cracks, icing, and solifluction processes,
and to preclude the possibility of freezing of fluids in pipes.

Reed, I. McK. (1943) "How Dawson Keeps its Water Mains from Freezing," Pacific
Builder and Engineer, Vol. 49, No. 8, p. 54

Abstract

Water for Dawson, Yukon Territory, is obtained from a well, supple-
mented at extra demand from the Klondike River.

Sargent, Charles (1963) '"Water Works Supply Systems in Permafrost Areas,'
Proceeding: Permafrost International Conference, National Academy of
Sciences -- National Research Council, Publication No. 1287, pp. 440-441

Abstract

Abundant potable water is necessary to comfortable living in any
environment; a population's health depends on pure water for all domestic
uses, and almost any modern industry uses water in quantities equal to
or exceeding the tonnage of its product. Civilization cannot thrive
where an adequate supply of good water cannot be made available.



In about one-fifth of the land area of the world, the ground
remains at a temperature below the freezing point of water throughout
the year. Where such a condition exists, the area is classified as a

permafrost area in this paper, regardless of whether ice exists in the
ground.

Industrial, commercial, or domestic habitation of permafrost areas
requires special consideration of water supply and distribution problems
beyond those necessary in more temperate areas. The water source may be
frozen, water may freeze in the distribution system, or both. Available
water may be of such poor quality that special conditions must be
considered for its treatment. The availability of a water supply may

be the greatest single factor in selecting community sites in permafrost
areas.

Schultz, J. R. and A. B. Cleaves (1955) "Geology in Engineering,'" John Wiley
and Sons, New York, p. 522

Abstract

In permafrost regions of the northern hemisphere ground water is
the best source of supply in the south, but ground water becomes increasingly
difficult to obtain in the north, where permafrost attains great thickness.
The water that lies above permafrost is called suprapermafrost water and
is fed by rain and melt water, surface water, water condensed by contact
with the cold ground surface, and seepage from within or below permafrost.
A year-round supply is available only in the parts of the suprapermafrost
zone in which permafrost lies below the depth of seasonal frost penetration,
particularly along banks of large rivers and lakes with constant inflow
and outflow; supplies may occur also at the mouths of valleys and at the
heads of alluvial fans. Suprapermafrost water is subject to contamination.
In winter the ground freezes from the top downward and the water is subjected
to pressure, with the result that water emerges at the surface to form
icings or is wedged between frozen and unfrozen layers and frozen in place
to form ground ice.

Intrapermafrost water is derived from sources above and below the
permafrost. It occurs mainly in thick alluvial deposits near rivers, in
old river channels, and, to a lesser degree, in strongly fissured and
jointed rocks. Along the Arctic Coast saline water within the permafrost
is probably of marine origin; such mineralized water remains liquid at
temperatures well below 0°C. Care must be taken to maintain circulation
of intrapermafrost water in permeable layers or in pipelike openings,
for freezing will result if flow is retarded or if the well is subjected
to excessive or accelerated pumping. Intrapermafrost water may locally
be under pressure.

Subpermafrost water is always liquid, being beneath permafrost, and
is generally under considerable hydrostatic pressure. It furnishes the
most dependable supply of ground water, usually of good quality. In some
areas, however, subpermafrost water is highly mineralized. Generally, it
is difficult to locate because of scarcity of surface indicatiomns.



In addition to the discussion of ground water in permafrost regions,
a description of pingos, frost blisters, icing mounds, and peat mounds
are included in this publication.

Silin-Bekchurin, A. I. (1951b) 'Methods Employed in Studying Underground Waters

in Permafrost,'" Spetsial'naia Gidrogeologia: Moscow, Gosgeolizdat, pp. 277-
280

Abstract

Methods for selecting and drilling for water supply in permafrost
regions are described. Drilling for suprapermafrost water is similar to
the methods used under nonpermafrost conditions. Test drilling for sub-
permafrost water in alluvial deposits should be placed near the river
channel and extended into areas receiving maximum insolation. Drilling
should be started wherever seepage of water from alluvial deposits occurs.
Drill holes should be placed from 50 to 200 m and should be arranged in a
checkerboard pattern. Test drills in stratified bedrock should be placed
along and across the axis of the syncline depending on the structure of
the bedrock. The deepest water vein should be tapped for relatively
warm water whenever several veins are available.

Sumgin, M. I., N. N. Geniev and A. M. Chekotillo (1939) "Water Supply of
Railroads in Permafrost Regions,' Moscow, Transzheldorizdat, p. 251

Abstract

The book contains chapters on thermophysics, thermodynamics of
the ground, permafrost, water sources, methods of investigating water
sources, organization of water-source studies, water-intake structures,
construction of water-conduit network, thermal technique for the water
system, laying pipe during winter, supplementary structures for water
conduits, thermometry, experimental determination of heat loss in
water lines and thermal regime of an operating water-supply system.

Outlets of subpermafrost water are found along the boundaries of
different rock strata and along faults. Locating these narrow zones
in the subsurface by drilling is difficult, and it is usually done by
developing the surface seepages. The best time to prospect for springs
is February or March when they can be recognized by icings and icing
mounds. The water outlet may be determined approximately by the direction
of the flow of the water and by an.increase in temperatures toward the
source., Water source is usually located at the uphill edge of icings.
Taliks are usually found by shallow drill holes; decreased thickness
of seasonal frost and greater depth to permafrost may indicate the
proximity of a spring. Discharge of the spring is concentrated in
channels and measured, or is estimated from the volume of the icing
divided by 100 days the time usually required to form ice up to early
March in the region under study.



A more detailed study of the springs specifies the geologic
conditions of the water outlets for correct construction of the
spring capping, makes a more precise discharge measurement during
various seasons, and determines the quality of water. During this
stage further drilling and test-pitting are done to define the
contours of the talik in which the spring occurs.

"Summary Report, 1921, Part B" Geological Survey of Canada No. 1959, p. 104

Abstract

This publication contains several reports and maps covering the
geology of the Mackenzie River Valley Region.

Tassonyi, E. J. (1969) '"Subsurface Geology, Lower Mackenzie River and Anderson

River Area, District of Mackenzie,'" Geological Survey of Canada Paper 68-25,
207 pp.

Abstract

This report deals with the subsurface stratigraphy of the Mackenzie
River region between 64 degrees north latitude and the Arctic coast,
and between the Canadian Shield and the west border of Yukon Territory.
The study is based on the examination of well samples, cores, and mechanical
logs of all important exploratory wells drilled prior to March, 1961, and
on published information to that date. References are made to surface
geology and paleontology, and to published stratigraphic concepts in order
to substantiate the suggested nomenclature and stratigraphy. Several
informal lithologic units and one new formation are introduced. The
economic potential of each formation (principally with regard to hydrocarbon
production) is examined.

The Macdougal Group comprises: (1) the Mount Clark Formation consisting
of red sandstone, red shale, ferruginous sandstone and hematite; (2) the
Mount Cap Formation consisting of green and red sandstone with some rusty
shale; and (3) the Saline River Formation consisting of red and green shales
with salt casts. It includes Lower and Middle Cambrian rocks and probably
includes Upper Cambrian strata as well. A disconformity between this
group and the overlying beds is postulated.

At some places within the study-area the Macdougal Group is overlain
by stratigraphic equivalents of the Franklin Mountain Formation. In the
subsurface study the exact stratigraphic equivalents of the Franklin
Mountain Formation could not be recognized but are probably included in

the upper part of the Saline River Formation and lower part of the Ronning
Formation.

The Ronning Formation, as defined in this report, includes strate
equivalent to the Mount Kindle Formation and part of the underlying
Franklin Mountain Formation but the detailed relationships between these
units are not yet known. In the subsurface the Ronning Formation consists
principally of dolomites. It overlies the shaly, semievaporitic facies
of the Saline River Formation with assumed disconformity and is considered,
tentatively, to be Early Ordovician to Late Silurian in age.



The Ronning Formation is overlain disconformably either by the
Early and Middle Devonian (Eifelian) Bear Rock Formation consisting
of brecciated dolomites and interbedded evaporites or by equivalent
strata within the Gossage Formation composed of non-brecciated, bedded
limestones and dolomites. 1In the study-area, the Bear Rock Formation
(restricted) grades laterally into the Gossage Formation. In the
subsurface, the Bear Rock Formation is divided informally into a lower,
evaporitic member and an upper, brecciated member. The Gossage Formation
comprises three informal members.

The Hume Formation of Middle Devonian age, consisting of fossil-
iferous limestones with some shale, overlies the Bear Rock or Gossage
Formations. The upper contact with the Hare Indian Formation is abrupt
but conformable, whereas the lower contact is probably disconformable.

Overlying the Hume limestones is the Hare Indian Formation which
is divided informally into two members. The lower, or spore-bearing
member, consists of dark brown to black, bituminous shales containing
trilete spore cases. The upper, unnamed member of the formation, is
composed of grey to green, calcareous shales with interbedded, thin,
limestone beds.

Within the overlying Ramparts Formation two informal members are
recognized: the lower, or platform member, consists of fossiliferous,
bedded, brown and grey, argillaceous limestone, and includes at the top
the shaly Carcajou marker; the overlying reef member consists of massive,
clean, grey to buff limestone characterized by corals and stromatoporoids.
A Givetian (Middle Devonian) age has been accepted with reservation for
this formation.

The Ramparts beds are overlain unconformably by the Canol Formation,
which is composed of about 75 feet of dark grey, greenish and yellowish
weathering, non-calcareous shales. A tentative Upper Devonian (Frasnian)
age is assigned to this formation.

In the study-area, the Imperial Formation includes all Upper Devonian
shales, siltstones and sandstones overlying the Canol Formation and
overlain unconformably by Cretaceous strata. It is divided informally
into a lower member of Frasnian and Fammenian ages.

The presently accepted Cretaceous formations comprise the following
in ascending order: (1) the Sans Sault Formation, consisting of marine
sandstone and shale; (2) the Slater River Formation, consisting of dark
grey to black shale with ironstone concretionary layers and thin bentonite
bands; (3) the Little Bear Formation, comprising sandstone, sandy shale,
conglomerate and coal; and (4) the East Fork Formation, composed mainly
of dark grey, marine shale.

In the wells studied, the youngest Cretaceous formation, the East
Fork Formation, is missing and the Little Bear Formation is incomplete.
In the subsurface, division and correlation of the Cretaceous strata
is attempted by using the described surface formations. This is considered



to be tentative until such time as Cretaceous stratigraphy is revised
through surface studies.

Tertiary sands, gravels, shales and lignites overlie the Cretaceous
East Fork Formation locally. In the subsurface medium-grained, porous,
friable sandstones and silty shales are tentatively assigned to the
Tertiary.

Coal seams have been reported from the Cretaceous and Tertiary
strata but are of little economic value at this time. ©No coal or lignite
seams are present in the examined wells, either in the Cretaceous or
in the tentatively identified Tertiary strata.

Halite occurs in the Cambrian but the depth and location of the
occurrences make its recovery prohibitive at this time. There is no
indication of potassium salts and reported gypsum occurrences are too
impure to be commercial.

The primary economic interest in the study-area has been and remains
the exploration for oil and natural gas and the potential for these
minerals appears to be greater than for any others. At present, oil
and gas are being produced only from the reef member of the Ramparts
Formation although other formations have productive potential.

Thomas, J. F. J. (1956) "Interim Report-Hardness of Major Canadian Water
Supplies,' Canada Department of Mines and Technical Surveys, Mines
Branch, Memo. Series 132

Abstract

Report includes data on Dawson, Yukon River, Whitehorse, Aklavik,
and other places in the permafrost zone.

Wilson, J. D. (1949) "Arctic Construction,'" Military Engineer, Vol. 41,
Pp. 258-260

Abstract

Permafrost underlies much of the Arctic from depths of a few feet
to as much as 700 ft. Permafrost can exist where mean air temperature
is only a degree or two below freezing. Ground water may exist above,
within or below permafrost. Practically all destructive effects of
freezing and thawing are related to ground water. Heat is conveyed by
ground water to thaw permafrost. Ground water may be present, at all
seasons, between the permafrost table and the base of seasonal frost.

Williams, John R. (1970) "A Review of Water Resources of the Umiat Area,
Northern Alaska," U.S. Geological Survey Circular 636, p. 8




Abstract

Surface-water supplies from the Colville River, small tributary
creeks, and lakes are abundant in summer but limited in winter by low
or zero flow in streams and thick ice cover on lakes.

Fresh ground water occurs in unfrozen zones in alluvium and in
the upper part of bedrock beneath the Colville River and beneath lakes
that do not freeze to the bottom in winter. These unfrozen zones,
forming depressions in the upper surface of permafrost, are maintained
by flow of heat from bodies of surface water into subjacent alluvium
and bedrock.

Brackish or saline ground water occurs in bedrock beneath as much
as 1,055 feet of permafrost in the Arctic foothills and beneath 750 to
800 feet of permafrost beneath low terraces of the Colville River valley.
The foothill area is unfavorable for developing supplies of potable
ground water because of the great depth to water, predominance of brackish
or saline water, and low potential yield of the bedrock. 1In the Colville
River Valley, shallow unfrozen alluvium beneath the river and deep lakes
will yield abundant year-round supplies of ground water, but the bedrock
below permafrost yields less than 10 gpm (gallons per minute) of saline
or brackish water.

Williams, John R. (1970) "Groundwater in Permafrost Regions of Alaska,"
U.S. Geological Survey Professional Paper 696, p. 83

Abstract

Although ground water in permafrost regions in Alaska occurs
according to the same geologic and hydrologic principles prevailing in
temperate regions, subfreezing temperatures result in profound
modification of ground-water flow systems. Frozen ground is an impermeable
layer which: (1) Restricts recharge, discharge, and movement of ground
water, (2) acts as a confining layer, and (3) limits the volume of
unconsolidated deposits and bedrock in which liquid water may be stored.
Frozen ground in many areas eliminates shallow aquifers and requires
that wells be drilled deeper than in similar geologic environments
having no permafrost. Although little is known about the effect of
permafrost and low water temperatures on quality of ground water, the
restricted circulation imposed by permafrost boundaries may increase the
concentration of dissolved solids in ground water in some areas. Low
ground temperatures above and below permafrost result in groundwater
temperatures ranging from 0° to 4.5°C (Celsius). At these temperatures,
ground water is more viscous and moves more slowly than in temperate
regions.

Permafrost is defined as unconsolidated deposits of bedrock that
continuously have had a temperature below 0°C for 2 years to thousands of
years. It formed when the balance between net heat lost to the atmosphere
at the surface and that received from sources within the earth produced



Williams, M. Y. (1922) "Exploration East of Mackenzie River, between Simpson

and Wrigley," Canada Geological Survey Summary Report, 1921, Part B,
pPp. 56 - 66

Abstract

The soil is generally frozen in the area. Mineral springs occur near
0ld Fort Wrigley where water issues from the surface of the smaller
island 15 ft above river level and leaves a deposit of lime. Lime deposits
also occur on the mainland across the river. Mineral springs occur also
at Roche-qui-trempe-a-1'Eau, where warm waters emerging from a travertine
cone about 50 ft above the river have deposited calcareous material. The
springs are related to a fault.

Yates, A. B. and D.R. Stanley (1963) "Domestic Water Supply and Sewage Disposal
in the Canadian North," Proceedings: Permafrost International Conference,
National Academy of Sciences - National Research Council Publication
No. 1287, pp. 413 - 419

Abstract

This paper deals with water supply and sewage disposal in the Yukon
and Northwest Territories of northern Canada. These cover 1,511,979 square
miles or 39.3% of the total Canadian land and water mass, lie above 60°
latitude, and are populated as far north as Alert at the 83° latitude.

The problem of water supply and sewage disposal in northern Canada
is twofold: First, to obtain adequate water supplies for drinking,
culinary, and minimum sanitation requirements and dispose of human waste,
garbage, and wash water in a satisfactory, sanitary manner. Second, to
provide modern water and sewerage systems so that inhabitants can enjoy
normal amenities at reasonable cost.

Zoltai, S. C. and C. Tarnocai (1971) "Properties of a wooded palsa in
Northern Manitoba," Arctic and Alpine Research, Vol. 3, No. 2, pp. 115 - 129

Abstract

A palsa complex, 106 m in diameter, having a maximum height of 224 cm
above the water table is described in .detail. Permafrost occurred under
the elevated, densely wooded palsa, extending into the underlying clay.

The height of doming was largely due to ice accumulation in the clay and
peat. The thickness of the active layer was least under the densest black
spruce stands and greatest in the openings. The cumulative depth of snow
was greatest in openings and least in dense stands. The volumetric moisture
content of the peat in the active layer was about 307 in the fall, but this
figure nearly doubled in the winter; the moisture content of the frozen

core remained constant at over 90%. The peat material was largely mesic
sedge peat near the bottom with mesic forest peat closer to the surface.



Mackay, J. Ross (1966) ''The Mixing of the Waters of the Liard and Great Bear
Rivers with those of the Mackenzie,'" Geographical Bulletin, Vol. 8, No. 2,
pp. 166 - 173

Abstract

The interpretation of temperature and Secchi disk transparency readings
for the right and left banks of the Mackenzie River below its junction with
the Liard at Fort Simpson, N.W.T. are discussed. The measurements, made in
1963 and 1964, were taken in June after break-up. In both years the results
show that, 200 miles downstream, the warmer and more turbid waters of the
Liard had not fully mixed with those of the Mackenzie. Similarly, a study
of the Great Bear River below Fort Norman, N.W.T. shows that the mixing of
its waters with those of the Mackenzie was not fully completed 50 miles
below their confluence.

Dingman, S. L., H. R. Samide, D.L. Saboe, M.J. Lynch & C.W. Slaughter (1970)
"Hydrologic reconnaissance of the Delta River and its drainage basin, Alaska."
U.S. Army Cold Regions Research and Engineering Laboratory, Research Report
262, 81 pp, 22 tables, 74 refs, appendices, map.

Abstract

Estimates of the water balance, flow duration curves and sediment
characteristics of this large braided glacial river are reported. The
catchment is 1665 square miles in the east central part of the Alaska Range.
The general geomorphology of the basin is outlined and references to further
studies are given. Of the mean annual precipitation of 40.4" (the mean
annual loss of permanent storage is about 1") some 30% leaves as
evapotranspiration, 50% as stream flow and 207 as groundwater flow.
Characteristics in the response to glacial melt are outlined. Peak flow
at foothill stations occurs within 24 hours of the rainfall if greater than
0.5"/day - amounts less than this do not generally produce a measurable
stream response. The stream geometry is described in detail and the respomnse
to glacial melt and rain, channel geometry and processes are described.
Lower floodplain channels are asymmetric and roughly triangular or parabolic
and have a high width/depth ratio. Gauging station hydraulic geometry is
described together with channel changes.



APPENDIX 'J'

USE OF DRILLSTEM TESTS TO INTERPRET THE
GROUNDWATER FLOW SYSTEM

Dr. R. 0. van Everdingen, Groundwater Subdivision, Inland Waters Branch,
Environment Canada, provided us with a computer record of drillstem tests run
by o0il companies. They represent data on non-confidential boreholes located
in the general Mackenzie River Valley region. Data available on individual
boreholes include borehole location, elevation, variations in water quality
and temperature with depth, hydrostatic head from shut-in pressures, formation
age, stratigraphy, and lithology.

Using these data we plotted five cross—sections showing hydrostatic heads,
total dissolved solids, and the geological formations penetrated in the drill
holes. Two generalized cross—sections —- one located near Camsell Bend and the
other near Norman Wells —- have also been constructed to show the regional ground-
water-flow pattern. A few tentative conclusions are suggested from analysis

of the limited data available:

1 The groundwater flow system appears to conform to the generally
accepted theory that groundwater recharge occurs in highland and mountain
regions and that groundwater discharge occurs in lowland regions, which in
the present study—-area comprises the Mackenzie River Valley and its main
tributaries. Data contained in Appendix 'A' deal with evidence of groundwater
discharge; they suggest that most groundwater flow discharges into the
Mackenzie River. From examination of Figs 15 and 16, it would appear likely
that the Franklin Mountains on the east side of the Mackenzie River Valley
present an obstacle to groundwater flow to the northeast and to the
Precambrian Shield. We believe that the existence of the Franklin Mountains
lying to the east of the Mackenzie Valley is the main reason that most
groundwater west of the Mackenzie River discharges into that river valley —-
rather than discharging along the margin of the Precambrian Shield to the
east. On the other hand, any groundwater recharge on the east side of the
Franklin Mountains does in all likelihood discharge along the margin of the
Precambrian Shield. Similarly, groundwaters in relatively gently dipping
strata south and southwest of Great Slave Lake probably flow toward that
major water body.



2 The groundwater flow system is markedly influenced by differences
in permeability between different rock types —- for example, tight shale
strata versus highly permeable zones in the Bear Rock Formation. In the
generalized Camsell Bend cross-section (Fig 15), the Bear Rock Formation is
interpreted as a major regional drain. Unfortunately we have not been able
to identify the Bear Rock Formation in any of the drillstem tests. Most
of the drillstem tests were run on Devonian Formations considered to offer
better oil-bearing prospects. Consequently, the groundwater-flow pattern in
detail in any area is far from complete and clear.

3 Groundwater qualities generally become more saline with increasing
depth and with increasing age of geological formations. An exception, which
probably can be attributed to the local groundwater flow system, can be seen
on cross—-section D-D' near Wrigley, where the deepest water in two boreholes
is less saline than it is in a zone immediately above. Cross-section B-B'

near the Arctic Red River also shows surprisingly good quality water to depths
of 2000 feet.

4  Groundwater temperatures have not been included on the cross-
sections. We were not able to arrive at any firm conclusion concerning the
significance of the temperature values reported. Considerably more study is
required to make a valid assessment. However, one might suspect that the high
water temperatures at depth represent a potential source of thermal energy
for the Mackenzie River Valley region. An attempt was made to arrive at a

probable geothermal gradient; but the values studied were too erratic and
scattered.

One water temperature observation at a depth of about 11,000 ft in a
borehole extending below the Mackenzie River Delta was reported to be 71°%¢
whereas another water temperature at a depth of 7000 ft below ground surface

along the Northwest Territories - British Columbia boundary was reported to

be 121°C.
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Fig 1.

View of Mackenzie River bank opposite 0ld Fort Point.
Airphoto shows active slides on the riverbank and a spring
at "S." Note extensive thermokarst topography on the right
side of this airphoto. Melting of ice in exposed subsoils,
continual lateral river erosion, and springs all contribute
to bank instability. Panchromatic airphoto.




Fig 2.

It is suspected that the dark rims around the large
lakes seen here represent 'mew'" ice in peat as the
near—-vertical permafrost face moves in toward the
center of the lakes. The 'whitish" upland area is a
lichen—-covered (Cladonia spp.) woodland carrying

stunted black spruce. It is a typical lichen-black
spruce open woodland, which is commonly underlain by
5 to 15 feet of ice-rich peat. Panchromatic airphoto.



Fig 3.

Colour-infrared airphoto showing pinkish-coloured
rendition of vegetation around small thermokarst ponds
(see arrows). It is believed that the pinkish tones
indicate less-stressed vegetation (i.e., a thicker
active layer or deep unfrozen ground) and melting around
the periphery of these thermokarst features.



Fig 4. Colour—infrared airphoto of the Norman Wells area showing
either a thick active layer or deep unfrozen ground a) on
frequently-flooded parts of islands in the Mackenzie River
channel, b) in the village of Norman Wells, c) along the
sides of the airstrip, d) on thin patchy drift overlying
limestone near a rock quarry in the upper right. Highly
variable ice contents are expected in the former meltwater
channel north-northwest of the airstrip. Thickness of
active layer and availability of moisture may be correlated
here with flooding, man-made disturbances, and differences in
subsurface materials.



Fig 5.

Colour-infrared airphoto along the lower reaches of the
Carcajou River showing exposed bedrock (R), vigorous
plant growth on outwash (0" to the right of the river on
right side of photo), a thin active layer over thick
gravels ("0" north of river), unfrozen alluvium below
active pointbars (PB), and narrow rims of thawed ground
around small depressions marked "S" and along the side of
the lake (L) that is subject to wind and wave action and
to a larger input of heat. 1In this region varying colours
on the colour-infrared print are related largely to both
type and stressed condition of vegetation.



Fig 6.

Colour-infrared airphoto showing the marked affect of
solar insolation on colour rendition of natural
vegetation. Note the light whitish tones of Sphagnum

moss and Reindeer lichen in poorly drained areas, and

dark pinkish hue on a finger-shaped detachment slide
(white arrow to the right of the scale bar). Surface
runoff in small creekbeds also has a marked effect on
increasing the thickness of the active layer, improving
growth conditions and plant vigour. Unfortunately, colour-
infrared hues seem to vary somewhat from one area to
another, and with laboratory processing as well as with
the type of film used. This sensor is most useful as a
guide to differences in thermal conditions as reflected by
plant type and plant vigour.




Fig 7.

Colour infrared airphoto showing brownish olive green
hues (ggg_arrows) on wooded portions of ice-rich peat
plateaus and whitish speckles in unfrozen treeless
collapse scars, which are covered with Sphagnum mosses
and heath plants. These colours show up more clearly
on the original pictures.



Fig 8.

These poorly expressed ribbed fens (RF) in light blue
depressions near Bear Rock, north of the Great Bear River,
do not show the pinkish hues seen in colour-infrared
photographs taken near Fort Simpson using a hand-held
camera using colour infrared film. One wonders if the
difference is due to depth of unfrozen ground, type of
film used, or to laboratory processing. Normally the fens
are unfrozen -- at least in vicinity of Fort Simpson.
However, transitions occur between "true" fens and "true"
bogs.



Fig 9.

Panchromatic aerial photograph showing frozen ice-rich

wooded peat plateaus (PP) with unfrozen treeless collapse
scars (CS), and unfrozen ribbed fen (RF) in vicinity of

Fort Simpson, N W T. The prevailing ground-water flow
(recharge/discharge) system and ground-water chemistry is
believed to be different in these two adjoining but different
peatland types. This difference in ground-water flow regime
and ground-water chemistry may account for the marked
differences in permafrost occurrence in these two different
peatland types.




Fig 10.

Panchromatic aerial photograph showing beaded drainage (BD)

in a region of extensive, thick, stratified, fine-grained
glaciolacustrine sediments covered by thick (5 to 15 feet)
ice-rich peat in sparsely treed peat plateaus (PP) surrounding
unfrozen windows (W) that are believed to be shrinking, rather
than enlarging, in size.



Fig 11. Colour-infrared airphoto showing pinkish hues in
vegetation (thicker active layer) on a) sand dunes (SD),
b) better-drained ridges (lower water table) on the
small island, c¢) frequently flooded margins of islands,
d) better drained slopes on Perry Island (large island).
Note that, even at this latitude, thermokarst features
occur on poorly-drained areas underlain by fine—grained
alluvial deposits that are insulated by some 12 to 18 inches
of dry peat and ground cover.



Fig 12.

Black arrows on opposite sides of the Carcajou River
(about 1% miles apart) point to small sinkholes in
karstic bedrock. These localities might be inspected
visually for evidence of groundwater flow and seepages
along nearby slopes. Note that both sinkholes appear
to be postglacial in age and situated near high river
banks. Colour infrared airphoto.



Fig 13.

Black arrows point to postglacial sinkholes on opposite
sides of Vermilion Creek southeast of Norman Wells. Note
the standing water and vertical walls in the sinkhole on
the west side of Vermilion Creek.
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PETROLEUM EXPLORATION DRILLHOLE LOGS SHOWING STATIC

WATER LEVEL,TOTAL DISSOLVED SOLIDS AND DIRECTION OF
HYDRAULIC GRADIENT IN HOLE

LOCATION OF CROSS-SECTIONS
ALONG
MACKENZIE RIVER VALLEY,NWT.
AND
SHOWN IN FIGURES
18,19, 20,21 22

FIGURE 174



LEGEND FOR FIGURES 18, 19, 20, 21, 22

Cretaceous

K Unnamed and undivided: shale, sandstone
Mississippian

Cm Limestone, phyllite, chert

Upper Devonian

Dui Imperial Formation: sandstone, siltstone, shale
Duhr Hay River Formation: shale, siltstone
Dus Fort Simpson Formation: shale, siltstone

Middle Devonian

Dm Unnamed and undivided; includes Landry, Arnica, and Headless
Formations: limestone, dolomite, shale

Dmh Hume Formation: limestone, dolomite, shale

Dmn Nahanni Formation: limestone, dolomite, shale

Dmk Kee Scarp Formation: reefal and other limestones, dolomite, shale

Dmc Canol Formation: shale, siltstone, limestone ‘

Dmf Funeral Formation: shale, siltstone, limestone

Dmhr Horn River Formation: shale, siltstone, limestone

Dmhi Hare Indian Formation: shale, siltstone, limestone

Dmch Chinchaga Formation: anhydrite, salt, breccia

Ordovician and Silurian

0OSk Mount Kindle and Franklin Mountain: dolomite, limestone

Cambrian

€cs Saline River Formation: sandstone, shale, dolomite, gypsum, salt
Precambrian

B Precambrian crystalline rocks: gneisses, schists, granitic rocks

—Y_382 FElevation of static water level in borehole

138,768 Total dissolved solids content of water in section of borehole tested

¢f Direction of hydraulic gradient

FIGURE |]7b



STRATIGRAPHIC
CROSS-SECTION IN VICINITY OF
ARCTIC RED RIVER
(see Key Map for location)

Y =N - -5 > T >
™~ N n O AN ~ - = [Ta) N - O
- A - N - oA - w0 - o - o <
- 0 U— - 1N ~ O o — ~F o0
o 0 o ™o o - S N~ = "
=0 — G ~N S o © 0 — 0 O 0
o < o = o o o o N o RN Q0 2000
\O M NolNap] O M O M o o O O
O O — O O O O — O
\O \O \O
58 5 5 % & 5 5 5 8 5 & %55 100
‘4 = s — 3 = A = 3 = = 3
¥ loss
1000
500
%—us
K K o
- —83
: <
___/
1 // -500
\\ y
\ // —1000
| BNIANS ¥/
7,050 \ / — -i500
C !
\ " / /// ——— -2000
\ Dui /s"/
\ / T Q/ < ~-2500
Dui / // / &/
\ + I
\ é // / —— -~ 3000
\ e 6se/ |/
; !/ f Dm
Dmc \ \ / / / . 9'433 -3500
\ \ / 1 88,833
Dmh \ d;_/Dm —4000
\ / 56,755
/
~4500
CROSS~SECTION OF OIL-EXPLORATION DRILLHOLE LOGS SHOWING DEPTH OF
SECTIONS TESTED, STATIC WATER LEVEL, TOTAL DISSOLVED SOLIDS,
AND DIRECTION OF GROUNDWATER FLOW IN HOLE (HYDRAULIC GRADIENT) —5600

Vertical scale: as shown
Horizontal scale: not to scale

J D Mollard and Associates Limited
April, 1972

FIGURE 18



STRATIGRAPHIC
CROSS-SECTION IN VICINITY

OF

ARCTIC RED RIVER, NORTHWEST TERRITORIES

(see Key Map for location)

% > - ™ - > - "
j=N aN] =N - o - O - O - o = wn - owmn
o - o - w0 ™ o~ - o ™~ - o 1N o -
R~ Sl o >3 S N I I3
eNe] " O 0 o O ~ o0 O O ~“ — O R}
o [salRN [saNe] g ™M [J] O O [eNe) v — 0O & o0
o o o o O o o > o o™ o o > 0 O O o 2000
g 8T 87 g7 @ B3 o 253 5T
SE oe - - T S R -
T Q d O @ O T O ™ T O T Q N ®© O g O 1500
B-- — 3 — A = A a2 A g A L
b = 1000
845:L — § Bl
0
o Lsia
34—-500
l 398 155 r‘y' 322
- A
M o6 TeF 150 //;/ D mhi .
— 242 y- /// /l//’ ————— - §694
K / / / 1 Dmh 4 - -500
{L-/sos / // // —— "= 414,189 |4804
i | //
\\ 16562 - .? //Dmh/ Dm \f—‘-looo
AN - / —
-1 Dmg#/ —
I LA
/ \ Dm
// // | 2266
Cm 4 15,600 // // 2i,r40 /// T -2000
—
Dui / / +
A 7,877 > // / / / ~2500
Va / / / / oSk
/ /1 _
/ / 3000
4 _/ /1]
/"’/ / -
Ame. ~H / - ~3500
o / O I
177 f LT oSk
__//qu/,/ / / / -4000
S / / /
_ /" Dm / / ~4500
| // / 1 75,83
v//Dm / - 5000
17 Ly
J. / - 5500
L —
J_m/ ————=6000

CROSS-SECTION OF OIL-EXPLORATION DRILLHOLE LOGS SHOWING DEPTH OF
SECTIONS TESTED, STATIC WATER LEVEL, TOTAL DISSOLVED SOLIDS,

AND DIRECTION OF GROUNDWATER FLOW IN HOLE (HYDRAULIC GRADIENT)
Vertical scale:

Horizontal scale:

as shown
not to scale

J D Mollard and Associates Limited
April, 1972

FIGURE 19



STRATIGRAPHIC
CROSS-SECTION IN VICINITY
OF ARCTIC RED RIVER,
NORTHWEST TERRITORIES

CROSS-SECTION OF OIL-EXPLORATION DRILLHOLE

o
Peel River

LOGS SHOWING DEPTH OF SECTIONS TESTED,
STATIC WATER LEVEL, TOTAL DISSOLVED SOLIDS,

AND DIRECTION OF GROUNDWATER FLOW IN
HOLE (HYDRAULIC GRADIENT)

Vertical scale: as shown
Horizontal scale: not to scale
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STRATIGRAPHIC

CROSS-SECTION IN VICINITY OF
WRIGLEY, NORTHWEST TERRITORIES
(see Key Map for location)
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STRATIGRAPHIC
CROSS-SECTION VICINITY OF
SOUTH NAHANNI -- LIARD RIVERS
(see Key dap for location)

° ° fn b
- o ps < - wmn N
O - ~ N = oY ~ 0
S © © M~ S N N
- X > - O - ™M -
™o - <o 0o ®0 o
o™ R~ — < ™ N N
o 0 o N o
— o~ o — — —
O c O O Ne) E——— 2000
£s§ Gl = 8 g o og
i =7 A A A A A A 500
-n- 1323 EI
.,v.‘_?4z 1000
A
A - 706
L se3 F ooz AP ¥5154o
L 450 500
1\
PEA RN o
Muskwa mbr Duhry/, /S \\:::
‘;,?,—Otter Park mbr yd / §
T~ > —— 17 / G BN i? -500
1 24,908 — __ Dmhg/ DM~ ~"To AN \\
s T \\ ///-—'—\\\ \__.._
57,503 Dmn ~/ I~ Tt
H—-—" 22T L NSO _
T — — ﬂ&/ rd 2652 N\ ~~ M 1000
Dm__ - __‘__./ e ! ~ N H-
—_ " Do — SeTTe,533
‘-—“1 Dm 7~ ‘\\\
Dm -~ - 1500
-~ - €cs N
107,862 P A
P //—\ N — 2000
P - A B
215,233
—2500
-3000
—3500
CROSS-SECTION OF OIL-EXPLORATION DRILLHOLE
1.0@S SHOWING DEPTH OF SECTIONS TESTED, STATIC WATER LEVEL,
AND DIRECTION OF GROUNDWATER FLOW IN HOLE (HYDRAULIC GRADIENT)——— -4000
-4500
1123,907 —5000

Vertical scale: as shown

JD Mbllard and Associates Limited
Horizontal scale: not to scale

April, 1972

FIGURE 22



AR .

YD U

oy

g

gy

ye7

2yp7 4mupy -
P |

L::_:.:._bx
L

- /..

‘ . : sy
,‘, . : Jdigf

we
S

oyp7 ) o
1 Apudsry ' a7

=]

RAL

I many »-‘

2]

104§ c&.,nm P

?E:E\x

s <

i

!

S

Nm@m mmww.

FIGURE 23 -

(9]

o7 sny®

3:4:4

v ,\Mv.\ .w/,, ayny ?u.:i\:\m‘.w..,._ ﬂ.n.hw“w !
o JUSJUOD SPI|OS PAAOSSIP IDJOL  gepe
up aopyuns punoab mojaq yjdag Sb
3 uo1}291(/09 2|dwDS I}DM JO UOI{DD0OT] @
104 aN3931 —
, v.i4397Yv NY31LSIMHLYON NI Q31237700 S37dWVS d31vm 40
SA170S a3A10SSIQ TVL0L ANV HL1d3a ‘NOILYI01 9NIMOHS dVIA 3
. ] I~ . S

.\nu pupoy
;

Ty 1

I g1l O AR n._ , oG11 m

W LIT

"~



124 °© 800 120° t1e°

PHYSIOGRAPHIC REGIONS
ALONG
MACKENZIE RIVER VALLEY,  NWT.
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KEY MAP CORRELATING LOCATIONS OF GEOGRAPHIC PLACE NAMES REFERRED TO IN
REPORT WITH CORRESPONDING MAP NUMBERS (FIG 25) AND

NATTIONAL TOPOGRAPHIC SERIES MAP SHEETS (NTS WHERE SHOWN)

Ant01ne Lake
Arctic Red River
Bear Rock
Beavertail Point
Bistcho Lake (Alta)
Blackwater River
Bogg Creek
Bosworth Creek
Camsell Bend
Cap Mountain
Carcajou River
Dahadinni River
Discovery Ridge
Fort Good Hope
Fort Providence
Fort McPherson
Fort Simpson
Franklin Mountains
Goose Island and
Bear Island
Great Bear River
(rapids section)
Halfway Islands
Hare Indian River
Hoosier Ridge
Kee Scarp
Keele River
Liard River
Little Chicago
Lower Carcajou River

Lower Donnelly River 12
Martin Hills 1
Martin House 18
Martin River 1, 2
Mountain River and

Imperial Hills 12
Mt. Clark 9
Mount Kindle 7
Mt. Thomas and Mt.Richard 13
Mount Morrow 13
Norman Wells 13
North Redstone River 6
North and South Nahanni

Rivers 1,4,5

Ochre River 7
01d Fort Island 4
01d Fort Point 9
Oscar Creek 13
Oscar Creek Basin 13
Prohibition Creek 13
Rabbitskin River 2
Redstone River 6,9
Roche~-qui-Trempe—-a~

1'Eau 7
Root River 4,5
Saline River 9
Sammon's Creek 12
Sans Sault Rapids 12

Shiltee Rock (Fort
McPherson) 20

Slater River 10
Tathlina
Lake NTS: 85
Trout River NTS:85
and 95
Vermilion Creek 13
West Mountain 12
Wrigley 7

FIGURE 26
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® Water-well drilling sites
X Springs observed in field
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CHANGING CLIMATE DURING WISCONSIN AND POSTGLACIAL
TIME (after J.Terasmae, Proceedings I4th Muskeg Research
Conference 10and Il May I971, p 158)

HOLOCENE (POSTGLACIAL )

WISCONSIN GLACIATION

HYPSITHERMAL
INTERVAL

PLEISTOCENE—HOLOCENE BOUNDARY

Present Approximate
Average Time scale
Temperature in years

+ 1970 AD.

+1000 AD.

- 1,0008.C.

2,000

4,000

6,000
8,000

ADVANCE and RETREAT

LATE of the
CONTINENTAL ICE SHEET

PORT TALBOT
MIDDLE INTERSTADE

EARLY |ST.PIERRE INTERSTADE

temperature increasing
T

Climate warmer than the present

10,000

15000
20,000

30,000

40,000

60,000

80,000
100,000
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT M< .PHERSON , NWT
RECENT PLEISTOCENE

1A POSITS GLACIAL-DRIFT DEPOSITS ridges ond mounde ; with minor silt, till, ond VENEERED SEDROCK - DOMINATED
NO':C;‘;:CAN:; ;?qsm?gnmgmr GLACIOLACUSTRINE ENVIRONMENT bouldars occurring os Inclusions ond cver— RELIEF: Moinly o thin,but voriobls ond
ORGANIC DEPOSITS: Mainly paot ,some KE-DELTAKC DEPOSITS (inciudes burden lacally thick,cover of drift ;chiefly t

muck ; fena,bogs, mareh:

,ond awomps wla-ly scattered sand dun:
itied

GLACIAL ENVIRONMENT

HUMMOCKY MORAINE DEPOSITS (Includes " Meitwoter ond splliwoy chonnele
FLUVIAL ENVIRONMENT Cln silt depasited In necrahore Ioke © thin cover of fine-grained waterlald ond
ond where mojor maltwoter windloid depasita locolly as wall os fine ponded
FLOODPLAIN DEPOSITS: Moinly exposed nroem- .m.r.d temporary glociol lckes; slopewosh sediments benecth partly pect AS Abondaoned etrondlines; includes minor
grovel and sand, with thin topetratum of e al devel- fillad deep depressione ): Mainly til rolbed beoches
i1t ond tine sond on the woodaed Inoctive opment thot mea unit L ROUND MORAINE DEPOSITS, GENERALLY
of t ith LACUSTRINE DEROSITS: Molnly statified E] SHOWING STREAMLINED FORMS Cnciudes
River modern floodplain and up 1o Smiles Iva silt, sifty cloy . lit,ona Thin cover of siity to sandy slo| h depoatts Korstic topegraphy; sinkhales in soluble
in the lower r ot fiot—gradient nd deposited ln duvur offshora 10cally ): Malnly clay- rich till qv.r Ihoh strota, racks (gypsum ,onhydrite ,dolomite ,
triuary rivers consist mainly of strotified iy mop-unit L sometimes ovarlles sondy 'lLlcﬂv"\' lun Y:’ule .ﬂlr'ld ity n‘n. imesone
i . R \ op 3} evel- over carbonate roc ki Hovad n gen .
2,509 fine sond  with minor cloy, grovel apment In poorly droined , panded water arecs e o Lrdeoine s e e meV below 800
LACUSTRINE VENEER OVER MORAINE GROUND MORAINE nepcsws WITH DEEPER lce—flow fsatures; includes glociol
ALLUVIAL FAN AND CONE DEPOSITS: DEPOSITS: Moinly silt, dayey siit,ond silty SILTY TO SANDY SLOPEWASH OVERLAY (Ciaasic Qrooves , gloclol ﬂunnq.erumnnole
Mainly poorly sarted silty groval ond sond; cloy over till crecs ore the siopes of the Ebbutt ond Martin Hills ridges  streomiined hils ond ridge!
leszer silt,cloy ond cabbles GLACIOFLUVIAL ENVIRONMENT ond the Horn Ploteou):Mainty siit ond sand over il drumiinized landscopee , crag- anaitoil N
ESTUARINE DELTAIC AND FLOODPLAIN HIGH TERRACE DEPOSITS: Main g BEVELLED TILL DEPOSITS (Includes .
E GEPOSITS: Moinly complexiy intergroding with wn\"qmvlny beds ;rr'\anlnys w:!::: :n :A:c.l:lona c‘n;“lm. w.etovnl.d r;\:::rlu.l(u'n:np;uﬂ. c Rock glaciers , tolus ,ond thick colluvium
and interfingsring silt, clay , fine sond.ond Snd surficicl peat Sover up 1o IS fest thic D with freguent potches ond pockets on steep slop
peot with cammanly o thick pect cover '°°° V of sond ond grove! wu'orlc\d sllt ond cloy
ASH PLAIN,OUTWASH DELTA, i ' ’
EOLIAN ENVIRONMENT E CALVET THAIN DERSSITSoC LOCALLY ond peot S Springs
DUNE DEPOSITS: Molinly fine sond, slity .C'Hali'?l'ugl-'l-nﬁ.bmli‘gn KET,‘L EDOVT‘?I:IGy BEDROCK ~DOMINATED TERRAIN
r i orse r
tine sond eva s minor cobbies ond it " v WIDELY EXPOSED BEDROCK TERRAIN: NOTE : The same legond is shown on all mop
ICE-CONTACT FEATURES INCLUDING m‘;“:‘“':':’;‘;"‘,"ﬂ"‘\’uw- ’3""‘.""‘;’0‘7‘::“}‘:{‘ PN sheets ; but rorely cre oll mop-units
ESKERS,CREVASSE FILLINGS, KAMES, MOVing rugoed 1opooropy fInaIdes very used ond shown on each individuol sheet
KAME TERRACES ,KAME DELTAS reoged eraded topo
DEPOSITS: Molnly sand ond grovet cored 9 oraphy

Map /




FORT SIMPSON
RECONNAISSANCE SURFICIAL GEOLOGY MAP
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT M¢ PHERSON , NwT

e

L}
AS

RECENT
NONGL ACIAL DEPOSITS
PEATLAND ENVIRONMENT
ORGANIC DEPOSITS: Mainly peat ,some
muck ; fens bogs, marshes,ond swomps

FLUVIAL ENVIRONMENT

FLOODPLAIN DEPOSITS: Mainly exposed
II] grovei ond sand , with thin tapstratum ot
®ilt ond fine sond on the wooded inactive
portions af tloodplains ; the Mockenzie
River modern ticodplain ond up ta Smiles
in the lower reach: af fiat—grodient
tributary rivers consist mainly of strotitied
silt and ¢ sond ,with minor clay,Qrovel,
ond ston

ALLUVIAL FAN AND CONE DEPOSITS:
Moinly poorly sorted silly grovel ond sond;
lesaer silt,cloy and cobbles

ESTUARINE DELTAIC AND FLOODPLAIN
[E DEPOSITS: Mainly complexly intergroding
ond Interfingering silt, cloy, fine sand ,ond
peat with commanly a thick peat cov

EOLIAN ENVIRONMENT

lI] DUNE DEPOSITS! Mainly tine aand, silty

tine sond

PLEISTOCENE

GLACIAL~-DRIFT DEPOSITS
GLACIOLACUSTR!N! ENVIRONME!

=+

v ]

NT
E-DELTAKC DEPOSITS (Inciudes

wlnny scattered sand dunes): Moinly strot-
itiad sitty fine sand, fine sand, siit, and
cloyey siit deposited in nearshore loke
woters and where major meltwoter
streams entered temporary glocialiokes;
samewhat less extensive ther mokarst devel-
apment thot map-unit L
LACUSTRINE DEPOSITS: Melnly-mmr-u
ond mossive siit, silty clay ,

d
his mop-unit L some!
unit D; exfenaive thermakarst devel-
opment in poorly droined , panded water arecs
LACUSTRINE VENEER OVER MORAINE
DEPOSITS: Mainly silt, ctayey silt,ond siity
cloy over til

GLACIOFLUVIAL ENVIRONMENT

[o]¢

HIGH TERRACE DEPOSITS: Mainly sand
with some grove ity beds ; mostly withasitt
and surficiol peat cover up fo IS teet thick
lacolly

UTWASH PLAIN, OUTWASH DELTA
VALLEY TRAIN DEPOSITS=- LOCA
CHANNELLED AND KETTLED: aainly
strat ine ta caarse sand , grovelly sand,
Groveliminor cabbies ond ait
ICE-CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME DELTAS
DEPOSITS: Malnly sond ond .grovel cored

ridges and mound
bould:
burden

3 with minor st till, and
s occurring as inclueions ond aver —

GLACIAL ENVIRONMENT

HE] E]H

HUMMOCKY MORAINE DEPOSITS (Includes
© thin cover af fine-groined woterlold ond
windlaid deposits iocaily os well as fine ponded
ond slopewosh sediments beneath portly pect
filled deep depressions ): Mainly tiit

GROUND MORAINE DEPOSITS, GENERALLY
SHOWING STREAMLINED FORMS (includes
Ihincovar of siity 1o sandy siopewash deposirs
locolly }: Mainly cloy- rich tHi over shole strato,
sondy till over sondston: I'rave sand lllly 'Ill
over carbonote rock:
slopes ond in undrak
GROUND MORAINE DEPOSITS WITHDEEPER
SLTY TO SANOY SLOPEWASH OVERLAY (Ciaasic
arecs ore the siopes of the Ebbutt ond Mortin Hills
ond the Horn Pioteou }:Mainly silt ond sond over 1l

BEVELLED TiLL DEPOSITS (Inciudes
pockets of tine woteriaid moteriot and peat).
Mostly o log cancentrate of boukders and
cobbles with frequent potches ond packets
of sond ond grovel, woteriold slit ond clay,
ond peot

on gentia

BEDROCK —DOMINATED TERRAIN

WIDELY EXPOSED BEDROCK TERRAIN:
Malnly sed bedrock and badrock with a
thin, discontinucus venear of drift; often
having rugged topogrophy ; Includes very
rugged eroded topagrophy

VENEERED BEDROCK - DOMINATED
RELIEF .Mginly g thin,but varioble and
tocoily thick,cover af drift ichiefly till

Meltwater and spillway chonnels

Abondaned strondlines ; includes minar
romed beachs

Karstic topography ; sinkhows in soluble
rocks (gypsum ,anhydrite dolamite ,
timesone )

.
houaw-;:om-v beicweoeo

ice— tlow tectures; includes glacial
graoves, glaclol fluting,drumlinald

4

ridges , streomlined hills ond ridges ,
an a-and-1ail hitl
[4 Rock glaciers , tolue ,and thick colluvium
on steep slopes
S Springs

NOTE: The some legend is shown on dil map
sheats ; but rorely ore all map-units
used ond ahown on each individuol sheat

Map 2
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT Mc¢ PHERSON , NwWT

RECENT
NONGL ACIAL DEPOSITS
PEATLAND ENVIRONMENT
ORGANIC DEPOSITS: Mainly peat,some
muck | fens boga, morshes ond swamps

FLUVIAL ENVIRONMENT

FLOODPLAIN DEPOSITS: Mainty exposed

grovel and sand, with thin tapstratum of

slit and fine sond an the wooded inoctive
portions of flocodploins ; the Maockenzie
River modern ficodploin ond up to Smiles
in the lower reaches af flot—grodient
tributary rivers consist mainly of strotified
silt ond fine sond ,with minar clay ,gravel,
ond stone:

ALLUVIAL FAN AND CONE DEPOSITS:
Mainily poorly amorted siity grovsl and sand;
lesser silt,cloy and cobbles

ESTUARINE DELTAIC AND FLOODPLAIN

DEPOSITS: Moinly camplexiy intergrading

and Tnterfingsring siit, JSloy. tine sond ond
hick

peat with commonty o pect cover

EOLIAN ENVIRONMENT

DUNE DEPOSITS: Mointy fine aand, ality
tine sond

PLEISTOCENE
GLACIAL-DRIFT DEPOSITS

GLACIOLACUSTRINE ENVIRO
LAl

L]
0

NME
KE-DELTAC DEFOSITS Onciudes
widely scattered sond dunes): Mainly strat-

THied ailty fine mand. fine sond, ain . ond
clayey silt deposited in nearshore loke
woters ond where mojor meltwater
streoms cnl|r.¢ temporary glociol lokes;,
devel”

cpmaent OHOQ mop-unit L

LACUSTRINE DEPOSITS: Mainly stratified
ond massiva silt,sitty clay ,c loyey slit,ond
minor fine sand depasited in deeper affshore
woters ; this mop-unit L sometimes overlies
mop-unit D; extensive thermakorst devel-
apmant in poorly drained , panded woter areae
LACUSTRINE VENEER OVER MORAINE
DEPOSITS: Mainly silt, ciayey silt,ond silty
cloy over till

GLACIOFLUVIAL ENVIRONMENT

[o]

HIGH TERRACE DEPOSITS: Moainly sond
with some gravs lly beds ; mostty witho silt
ond surficicl peot cover uUp ta IS feet thick
lacalty

OUTWASH PLAIN OUTWASH DELTA,
VALLEY TRAIN DEPOSIT: TS--LocA
CHANNELLED AND KETTLED: Moinly
strotifiad tine ta coorse sand, grovelly sand,
Qrovel, minor cobbles ond silt
ICE-CONTACT FEATURES INCLUDWG
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME DELTAS
DEPOSITS: Mainly sand ond .Qrovel cored

rldqc- ond mounds ; with minor skt , 1111, ond
s occurring os nciusions ond aver—

Barsen
GLACIAL ENVIRONMENT
HUMMOCKY MORAINE DEPOSITS (includes
o thin cover of fine-grained wotertald and
windlald deposits locally as weli as fine
wosh sediments beneoth portly pect
filled deep depressions ): Mainly #iil
GROUND MORAINE DEPOSITS, GENERALLY
SHOWING STREAMLINED FORMS (inciudes
thin caver of silty to sandy siopewash deposite
lacally ):Mainly cloy- rich till over shole strato,
ver stroto ,ond slity il

GROUND MORAINE DEPOSITS WITH DEEPER
SITY TO SANOY SLOPEWASH OVERLAY (Clossic
orecs ore the siopes of the Ebbutt ond McrllnHlll-
and the Horn Plotecu ):Mainly altt and sond over ¢!

BEVELLED TILL DEPOSITS (includes

obbles with frequent po and pocket
F BONd and Grovel, wateriaid siit an clay,
ond peat

BEODROCK —~DOMINATED TERRAIN

WIDELY EXPOSED BEDROCK TERRAIN:
Mainly exposed bedrock and bedrock with o
thin, dlecontinucus veneer of drift; aften
hoving rugged topagrophy ; includes very
rugged eroded topogrophy

&]

AS

jscme Vbelow 800"

4

c

S

NOTE :

VENEERED BEDROCK - DOMINATED
RELIEF !Mainly o thin, but varioblke and
locally thick,cover af drift ;chiefly tii1

Meltwoter ond spiliwoy channels

Abondoned -'randunn i Includes minor
romed becche:

Karstic topography ; sinkholes in soluble
rocks (gypsum , onhyﬁvh. aotomit
limestone )

ice- tlow fectures; includes glaciol
Qrooves, glociol fiuting, dmmunald
ridges , streomiined hils ond ridge:

drumiinized landscapes, crng-und-'all Hits

Rock gtoders , talus ,ond thick colluvium
on steep siopes

Springs

The some lagend is shown on all map
sheets ; but rorely ore all mop-units
used ond shown on each individuot sheet

Map 3




RECENT

NONGLACIAL DEPOSITS
PEATLAND ENVIRONMENT

) CAMSELL BEND

95)

RECONNAISSANCE SURFICIAL GEOLOGY MAP

ORGANIC DEPOSITS: Mainly psat ,some
Muck ; fens,boge, morshes,ond swompe

FLUVIAL ENVIRONMENT

[

EOLIAN ENVIRONMENT

[w]

FLOODPLAIN DEPOSITS: Moinly exposed

Qgrave! and sond, with thin tapstratum of

siit and fine sond on the wooded inoctive
ot t

3 ith

River modern ticodplain and up to Smiles
in the lower reaches of flat—grodient
tributary rivers consist mainly of stratified
ilt ond fine sand ,with minar cloy.grovel,
on

ALLUVIAL FAN AND CONE DEPOSITS:
Molinly poorly sorted siity gravel and sand;
tesser siit,clay and cobbles

]

GLACIOFLUVIAL ENVIRONMENT

ESTUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Mainly complexiy intergrading
ond Interfingering siit, clay, fine sand ,ond
peat with commonly o thick peat caver

7]
(o]

DUNE DEPOSITS: Moinly fine sond, silty
tfins sond

s o 3

10 15 20 Miles

3 g s 1Y) [] EY E-3 30 Kionetres

LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT Mc PHERSON ;NWT
PLEISTOCENE :

GLACIAL-DRIFT DEPOSITS
OLQCIOLLAACKUSTRHNIE ENVIRONME|

NT
E-DELTAKC DEPOSITS (Inclu
widely scottered sond dunes): Moinl:
itied siity fine sond, fine sand, alit, and
cloyey siit deposited In neorshore lake
tere ond where mojor meltwoter
streame entered temporary glocial lokes:
lese o

opment thot mop-unit L
LACUSTRINE DEPOSITS: Moinly stratitied
ond mossive siit, sty cloy ,cloyey slit,ond
minor fine sand deposited in deeper affshore
waters ; this mop-unit L somet!
mop-unit O; extensive thermokarst devel-
opment in poorty drained , ponded woter arece
LACUSTRINE VENEER OVER MORAINE
OEPOSITS: Mainly eilt, clayey slit,and silty
cloy over till

HIGH TERRACE DEPOSITS: Moinly sond
with some grave ity beds ; mostly witho sit
ond surficiol peat cover up o IS feet thick
lecalty

OUTWASH PLAIN, OUTWASH DELTA,
VALLEY TRAIN DEPOSITS-- LOCALLY
CHANNELLED AND KETTLED: Mointy
stratifisd tine to coorse sond
Grovel;minor cabbles and siit
ICE-CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FIL LINGS, KAMES,
KAME TERRACES ,KAME DELTAS
DEPOSITS: Molinty sand ond grovsl cared

~Qravsily sand,

ridge and mounde ; with minor sit, till, and
boulders occurring ae Inciusions and aver—
burden

GLACIAL ENVIRONMENT
E HUMMOCKY MORAINE DEPOSITS (inciudes

=]

L]
AS

@ thin cover of fine-groined woterioid ond
windlaid deposite 1ocolly oe wel | o fine ponded
ond slapewosh sediments beneoth partly paoh
filled Geep depressions ): Mainly tili

GROUND MORAINE DEPOSITS, GENERALLY
SHOWING STREAMLINED FORMS inciudes
thin cover af siity ta sondy siopewas h deposits
locally ) Malnly cloy- rich till aver shala stroto,
sandy tii1 over sondstone strota,ond silty Hil
over carbonate racks 3 peat depos its on

siopes af undrolned

GROUND MORAINE DEPOSITS WITH DEEPER
SILTY TO SANDY SLOPEWASH Y (Cloasic
orecs ore the siopes of the Ebbutt and Mar tin Hilis
and the Horn Ploteau ):Mainly silt ond sond over tit

BEVELLED TILL DEPOSITS (Includes

K
%

]
— s
[¥]

pockats of fine watericid moteriol ond peot) c
Mostly o lag concentrote of bou Ker
cobbles with frequent patches ond pockets
of sond and grovel, wateriaid siit ond clay,
and peot s
BEDROCK —DOMINATED TERRAIN
WIDELY EXPOSED BEDROCK TERRAIN: NOTE :

Malinly exposed bedrock ond bedrock with o
thin, discontinucus vgneer of drift; often
having rugged topogrophy : Includes very

rugged eroded topogrophy

VENEERED BEDROCK - DOMINATED
RELIEF:Mainly o thin, but vorioble ond
locally thick,cover of drift chietly till

Meltwoter ond spiliwoy channele

Abondoned strondiines ; includes minor
ramed becches

Karetic topogrophy ; sinkhoke in soluble
racks (gypeum ,onhydrite ,dolomite ,
limeswone )

holiows geme V below 80"

ice— flow fectures; includes glocict
grooves, glaciol tluting,drumiinaid
ridges , streomiined hils ond ridges ,
drumiinized landecopes, crag-ond-tall hiis

Rock gladers , tolus ,and thick colluvium
on stesp slopes

Springs

The some legend ls shown an all map
sheets ; but rorely ore oll mop-units
waed and shown on soch individuot sheet

Map 4
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMRSON TO FORT Mc PHERSON ,NWT
PLEISTOCENE

RECENT

NONGLACIAL DEPOSITS
[

LAND ENVIRONMENT
ORGANIC DEPOSITS:

oinly pect ,3ome

mMuck , fena,boge, marehee,and swamps

FLUVIAL ENVIRONMENT

HEH

FLOODPLAIN DEPOSITS: Malnly exposed
grovel ond sand, with thin tapstratum of
siit and fine sond on the wacded inoctive
partions ot floodplalns ; the Mackenzie
River modern ticodplain and up ta Smiles
in the lower recches ot flot—gradient
tributary rivers consist mainly of stratified
slit ond fine sand ,with minor clay,gravel,
and stone

ALLUVIAL FAN AND CONE DEPOSITS:
Mainly poorly sorted siity grovel ond sond;
lesser silt,cloy ond cabbles

ESTUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Moinly complexly intergrading
ond interfingering silt, cioy, tine sand ,ond
pect with commonty o thick peat cover

EOLIAN ENVIRONMENT

[w]

OUNE DEPOSITS: Mainly fine sond, siity
fine sond

o

GLACIAL-DRIFT DEPOSITS
GLACIOLACUSTRINE ENVIRONMENT
IC DEPOSIT:

LAKE-DE LTA (includes
widely scottered sand dunes): Mainly strat-
itied sitty fine sond, fine . silt, ond
cloyey sitt deposited In nearencre ioke
wotere ond \ere major meltwater
strecrme entered temporary giaciol lckes;
Al at devel-

vse
opment thot map-unit L
LACUSTRINE DEPOSITS: Mainly stratitied
ond maesive sitt, ity clay ,cloyey silt,ond
minor tine sand depasited in deeper offshore
waters ; this mop-unit L sometimes overlles
mop-unit D; extensive thermokarst devel-
opment In poorly dralned, ponded water oreas
LACUSTRINE VENEER OVER MORAINE
DEPOSITS: Mainly siit, ciayey silt,and silty
cloy over tlil

GLACIOFLUVIAL ENVIRONMENT

- [ H

HIGH TERRACE DEPOSITS: Mainly sand
with some grave ity beds ; mostly withosilt
ond surficiol pect cover up to IS fest thick
tacally

OUTWASH PLAIN, OUTWASH DELTA,
VALLEY TRAIN DEPOSITS-~- LOCALLY
CHANNELLED Al TLED: Malnly
stratifisd fine ta coorse sand , grovelly sond,
groveliminor cobbles ond silt

ICE ~-CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME DELTAS
DEPOSITS: Malinly sand ond grovel cored

ridges ond mounds ; with minor slit, till, and
bouldere occurring ce inclueione and over—
burden

GLACIAL ENVIRONMENT

0
<]
L]
(]

HUMMOCKY MORAINE DEPOSITS (includes
© thin cover of fine-grained wotertald ond

windlold depasite 1ocally oe weli as fine ponded

and slopewosh sediments beneoth portly pect-

filled deep depressione ): Mainly till
GROUND MORAINE DEPOSITS, GENERALLY
SHOWING STREAMLINED FORMS (Includes

thin caver of siity tc sandy sicpewas h depoaits

locolly ): Moinly cloy-rich tili aver shole strato,

sondy til 1 over sondstone strato ,ond siity til
over carbonate rocks ; pect depos its

=]
"
“as

K
%o

VENEERED BEDROCK ~ DOMINATED
RELIEF :Mainly o thin, but voricbl ond
1ocolly thick,cover of drift ;chiefly till

Meltwater and splilway channele

Abondoned strandlinee ; includee minor
rolsed beaches

Karstic topogrephy; sinkholes in soluble
rocks (gypsum ,onhydrite, dolomite ,
limestone )

on gentie .
siopes ond in undroined holiows ;scm @V belaw 800

GROUND MORAINE DEPOSITS WITH DEEPER

SLTY TO SANDY SLOPEWASH OVERLAY (Clossic

oreas are the slopes of the
ond

he Horn Plateau):Mainly sitt and sond over tilt

BEVELLED TILL DEPOSITS (includes

pockets of fine wateriaid materiol ond peot):

Mostly o laQ cancentrate of bouders ond

cobbles with frequent potches ond pockets

of sand and grave!, wateriald silt ond clay,
it

WIDELY EXPOSED BEDROCK TERRAIN:
Malinly exposed bedrock ond bedrock with o
thin, discantinuous veneer of drift:
noving rugeed topogrophy.i includes very
rugged eroded top:

y

NOTE :

Ice - flow fectures; includes glaciol
graoves, giociol tluting,drumiinoid
ridges, streomiined hiis ond ridges ,

9 I N

Rack gtocters , 10lus ,ond thick colluvium
on steep slopes

Springs

The some legend is shown an oll mop
sheets ; but rorely ore oll mop-units
used ond shown on each Individuot sheet

Maop 5
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT Mc PHERSON NWT
PLEISTOCENE

RECENT

NONGLACIAL DEPOSITS

PEATLAND ENVIRONMENT

~

ORGANIC DEPOSITS. Malnly peot ,some
muck ; fens,boge, morshes,and swampe

FLUVIAL ENVIRONMENT

CF]

Ce]

FLOODPLAIN DEPOSITS: Malnly exposed
Grove! ond send, with thin topstratum of
i1t ond fine 30nd on the woaded inoctive
partions of flecdpioine | the Mackenzie
River modern tloodploin end up to Smiles
in the lowar reaches of flot—gradient
tributary rivers consist mainly of strotitied
uilt ond fine sond ,with minor cloy,grovel,
and stones

ALLUVIAL FAN AND CONE DEPOSITS:
Molnly poorty sarted silty gravel and sond;
lesser silt,cloy ond cobbles

ESTUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Mainly complexly intergroding
ond interfingering siit, cloy, tine sand ,ond
peat with commonty o thick peat cover

EOLIAN ENVIRONMENT

DUNE DEPOSITS: Mointy fine sand, ality
fine sond

° GLACIAL-DRIFT DEPOSITS

GLACIOLACUSTRINE ENVIRONMI
LAl

[

ENT
KE-DE LTAIC DEPOSITS (includes
widely scottered sond dunes): Moinly strot-
ified siity fine sond, fine sand, sift, ond
cloyey sllt deposited in nearshore loke
watere ond whare mojor meltwoter
streoms entered temporary glaciol lokes;
somewhat lese extensive ther mokorst devel
opment thot map-unlt L
LACUSTRINE DEPOSITS: Malnly strotitied
and maesive silt ,sifty clay ,c loyey silt,cnd
.

waters ; mop-unit L somet
mop-unit D; extensive thermokorst devel-
apment in poorly droined, pondad woter arecs
LACUSTRINE VENEER OVER MORAINE
DEFOSITS: Malnty siit, clayey 3it,ond slity
cloy over it R

GLACIOFLUVIAL ENVIRONMENT

[ [ H

HIGH TERRACE DEPOSITS: Mainly sond
with some grove ily beds ; mostty with asitt
ond surticiol peat Cover up to |5 fest thick
acolly

OUTWASH PLAIN,OUTWASH DELTA,
VALLEY TRAIN DEPOSITS-- LOCALLY
CHANNEL! AND KETTLED: Moinly
stratitied tine to coorse mand , grovelly sond,
Qrovel;minor cobbies and silt
ICE-CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME DELTAS
DEPOSITS: Mainly sond ond .grove! cored

ridges and mounda ; with minor sitt , ti11, and
boulders occurring ce Inclueione ond over—
burden

GLACIAL ENVIRONMENT

AL EE

HUMMOCKY MORAINE DEPOSITS

VENEERED BEDROCK - DOMINATED
RELIEF Moinly a thin, but varioble ond
locolly thick,cover of drift jchletly tin

o thin cover of fine-groined wotertold and
windloid deposite locolly as well os fine
ond slopewosh sediments beneath portly pect-
filled deep depressions }: Moinly till
GROUND MORAINE DEPOSITS, GENERALLY
SHOWING STREAMLINED FORMS (includes
thin caver of siity 1o s siopewas h deposits
locaily ) Malnly clay- rich tili over shale stroto,
dstone strota,ond silty il

er carbonate racks ; peat deposits on

undral

SATY TO SANDY SLOPEWASH

BEVELLED TiLL DEPOSITS (Includes

ers o
requent patches ond pockets
and grovel, waterlold siit ond cloy,
and peot

BEDROCK ~DOMINATED TERRAIN

WIDELY EXPOSED BEDROCK TERRAIN:
Molnly exposed bedrock and bedrock with o
thin, discontinucus venegr af drift; often
hoving rugged topography; Indludes very
rugged ercded topography

s

c

NOTE :

o ond spiliway chonnels

Abondaned strondiings ; Includee minor
rolsed beoches

Korstic tapogrophy ; sinkholee in socluble
rocks (gypeum ,onhydrite, dolomite ,
limeswone )

ined hollows 30 me V below 400’
GROUND MORAINE DEPOSITS WITH DEEPER
OVERLAY(Classic
areas ore the siopes of the Ebbutt and Mortin Hills
and the Horn Piateou ):Mainly il and sand over tiit

3 Includes glecial
uting ,drumiinoid
omlined hils ond ridges ,

hits

Rock gladiers , tolus ,ond thick colluvium
on steep siopes

Springs

The some legend is shown an all map
sheets ; but rorely ore all mop-unite
used ond shawn on each individual sheat

Map 6
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALL
PLEISTOCENE
GLACIAL-DRIFT DEPROSITS
GLACIOLACUSTRINE ENVIRONMENT
1

RECENT
NONGLACIAL DEPOSITS
PEATLAND ENVIRONMENT
ORGANIC DERPOSITS: Mainly pect ,some
mMuck | fens,bogs, morshes,ond swamps

FLUVIAL ENVIRONMENT
FLOODPLAIN DEPOSITS: Mainty exposed
grave| and sand , with thin tapstratum of
s}t ond tine sond on the wooded inactive
P of f ithe
River modern tioodploin and up 1o Smiles
In the lower reaches of fiot—grodient
tributary rivers consist mainly of strotified
ilt ond tine sond ,with miner cloy ,grovel,
ond stones

ALLUVIAL FAN AND CONE DEPOSITS:

Moinly poorly sorted siity grovel and sond;
lesser silt,cloy ond cobbles

]
(|

WRIG

950

LEY

AKE-DELTAKC DEPOSITS

idely scattersd sand dune:
itied slity fine sand, tine san.
claysy silt deposite

N
(includes
Main| -

temporary glacial ickes;
somaewhot less extensive thermokarst devel-
opment thot mop-unit L
LACUSTRINE DEPOSITS: Mainly stratified
ond massive siit, sitty clay ,c loyey siit,
minor fine sond depasited In de.
waters ; this mop-unit L sometl

opment in poorty droined , ponded water areas
LACUSTRINE VENEER OVER MORAINE
DEPOSITS: Molnly siit, ciayey iit,ond silty
cloy over 1t

GLACIOFLUVIAL ENVIRONMENT

ESTUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Molnly camplexly intergroding
ond Interfingering silt, cioy, tine sand ,and

pect with cammanly o thick peat cover

EOLIAN ENVIRONMENT

DUNE DEPOSITS: Mainty tine sand, ailty
A fine sond

(o] #ae,

HIGH TERRACE DEPOSITS: Mainly send
with some grovs ty beds ; mastly withosit
and surficiol pect cover up to IS feet thick
ocally
H _PLAIN, OUTWASH DELTA
VALLEY TRAIN DEPOSITS--LOCALLY
NELLED AND KETTLED: Malinly
strotitisd tine to coorse L gravelly sand,
Groval, minor cobbles ond silt
ICE-CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME DELTAS
DEPOSITS: Malnly sand and grovel cored

OLOGY MAP

EY FROM FORT SIMPSON TO FORT Mc PHERSON ,NWT

ridges ond mounds ; with minor ekt thi i, ond VENEERED BEDROCK - DOMINATED
RELIEF :Mainly a thin, but varioble ond

lacolly thick,cover of drift ,chiefly tilt

boulders occurring os inclusions ond aver—
burden

GLACIAL ENVIRONMENT

HUMMOCKY MORAINE DEPOSITS (inciudes ] Meltwoter ond spiliway channels
@ thin cover of fine-groined waterlaid ond
o
. AS  Avbondoned strandiines ; includes minar
sions ): Mainly i rolmed beoches
GROUND MORAINE DEPOSITS, GENERALLY
SHOWING STREAMLINED FORMS (Includes
thin cover of skty to sondy slopewas h deposits ok Karstic topogrophy ; sinkholes in soluble
locolly ): Mainly cloy-riah tili aver sho o rocks (gypsum ,onhydrite ,dolomite ,

le stroto,
sondy tii1 over sondstone strots ond silty til

over carbonate rocks ; peot dEpos s on R
siopes ond in undroined holiows; same Vb elow 800

GROUND MORAINE DEROSITS WITH DEEPER
EWASH /

limestone )

Ice— flow fectures; includes glaciol
groaves, glacial tiuting ,drumiinaid

ige s, streomiined hils ond ridges ,
drumiinized londecopes, crag-and-tail hil

SITY TO SANDY SLOP! OVERLAY (Clossic
Orecs ore the siopes of the Ebbutt and Mar tin Hills
ond the Horn Ploteau ):Mainly silt ond sand over till

ENEENER

BEVELLED TiLL DEPOSITS (includes N

pockets of tine waterioid matsrial ond peot):

Mostly o 10g cancentrote of boulders ond c Rock gloders, tolus ,ond thick colluvium
cobbles with frequent potches ond packats on steep siopes

of sond ond grovel, woterlald silt ond clay,

ord peot S Serings

BEDROCK ~DOMINATED TERRAIN

WIDELY EXPOSED BEDROCK TERRAIN:
Molinly expoled bedrack ond bedrack with o
thin , discontinuous veneer af drifts often

ving rugged topagrophy ; Includes very
rugged eroded topog

NOTE : The some legend is shown an oll mop
sheets: but rarely ore all mop-unite
used ond shown on each individual shaet

Map 72
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT Me PHERSON +NWT

PLEISTOCENE

NONGL.ACIAL. DEPOSITS -
PEATLAND ENVIRONMENT

RECENT

ORGANIC DEPOSITS: Mainly peat,some
muck , feng boge, marshes,and swampe

FLUVIAL ENVIRONMENT

7]

el

FLOODPLAIN DEPOSITS: Mainty exposed
grave! and sond , with thin topstratum ot
i1t and tine sond on the woaded inoctive
portions of tioodplains; the Mockenzie
River modern flcodptain and up ta Smiles
in the lower reaches of flot—grodient
tributary rivers consist mainly of stratitied
silt ond tine sand ,with minor cloy,gravel,
and etones

ALLUVIAL FAN AND CONE DEPOSITS:
Malnly poorly sorted silty gravel ond sand;
tesser silt,cloy ond cobbles

ESTUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Molinly camplexly |n|«grud\n¢
and Interfingering siit, cloy. tine ond
peot with cammonly o 'thick peat :av.r

EOLIAN ENVIRONMENT

[w]

DUNE DEPOSITS: Molnly fine aand, silty
fine sond

GLACIAL-DRIFT DEPOSITS

GLACIOLACUSTRINE ENVIRONMENT
LAKE-DELTAKC DEPOSITS (includes
sand dunes): Mainly strot-

wotere and where majar m
atreame .nt.r-u temporary qlu:lul \ok-‘

opment thel‘ mcp-unh [N
LACUSTRINE DEPOSITS: Malinly stratified
ond massive silt ,sitty clay ,cloyey slit,and
sand depasited in deepsr offshare
s mop-unit L sometime

opment in poorty drained, ponded water orece
LACUSTRINE VENEER OVER MORAINE
DEFOSITS: Malnly silt, cayey silt,ond silty
clay over il

GLACIOFLUVIAL ENVIRONMENT
HIGH TERRACE DEPOSITS: Mainly sand
with some grove Ity beds ; mostly withasit

and surficlal peat caver Up to {5 fest thick
tocally
OUTWASH PLAIN,OUTWASH DELTA ,
VALLEY TRAIN DEPOSITS=~-LOCALLY
TLED:Moinly
Coorse sond ; grow elly sond,
Qrovs!;minor cobbles ond by}
ICE~CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES,KAME DELTAS
DEPOSITS: Mainly sand and grovel cored

ridges and mounds ; with minor skt , tiil, and
boulders occurring ce Inclusione ond over—
burden

=]

GLACIAL ENVIRONMENT

]

[e1s
n
]

HUMMOCKV MORAINE DEPOSITS (includen M
and

ocolly ae well ce fine ponded
ianie Beneath Bortly pecr

AS
ﬂlhd o -p acpm.lom) Mointy tii
ND RAINE DEPOSITS, GENERALLY
OGS T HEAMLNE D FoRMS ‘(includes
thin cover of silty to sondy iﬂp'wﬂl'\d. s ok
tocolty ) Mdnly cloy- rich til over shole 5]

sandy 11 o stone strata,ond -H'y e
over :mbenuu ruck- + peot deposits

slopes n undroined hall
GROUND MORAINE DEPOSITS WITH DEE
SLTY TO SANDY SLOPEWASH OVERLAY (Clossic

areas are the siopes af the Ebbutt and Mar tin Hills
ond the Horn Ploteau }:Mainly siit and sond over thit
BEVELLED TILL DEPOSITS (Includes

pockets of fine watericid material ond peat); ¢
Mostly o 103 cancentrote of boulders ond

cobbles with frequent patc pockets

ot sond and grovel, woterloid siit ond clay,

ond peat s

BEDROCK —DOMINATED TERRAIN

WIDELY EXPOSED BEDROCK TERRAIN:
Mainly exposed bedrock ond bedrock with o
thin, diecontinuous veneer of drift, often
hoving rugged topography ; includes vary
rugged sroded t

m..-;,,m- Vbelow 800"

NOTE :

VENEERED BEDROCK - DOMINATED
RELIEF :Mainly o thin, but variable ond
tocally thick,cover of drift ichiefly till

Meltwoter ond spillwoy channaele

Abondoned strondlines ; includes minor
rahed beaches

Karstic 10pography ; sinkholes in sotuble
racks (gypsum ,onhydrite,dolomite
limeswone )

lce— flow fectures; includes glacial
grooves, glaclal fluting ,drumiinold
ridges , strecomiined hils ond ridges
drumiinized landecapes, crag- W!ull hila

Rock gloders , tolus ,ond thick colluvium
on steep slopes

Springs

The some Is shown on all map
sheets ; but rorely ore all map-units
used ond shown on sach individual sheet

Map 8




RECENT
NONGL ACIAL DEPOSITS

RECONNAISSANCE SURFICIAL G

PEATLAND ENVIRONMENT

ORGANIC DEPOSITS:. Malinly pect ,some
RSANE REPOSITS: M neen
FLUVIAL ENVIRONMENT

FLOODPLAIN DEPOSITS: Mainly exposed
grave! and sand, with thin tapstrotum af
siit ond fine sand on the waaded inoctive
P of t ithe

River modern floodplain and up ta Smiles
in the lower reaches af flot—gradient
telbutary civers consist mainly of strotitied
siit and fine sand ,with minor cloy,grevel,
and stones

ALLUVIAL FAN AND CONE DEPOSITS:
Maint;
teeser silt,cloy and cabbles

ESTUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Mainly comelsxiy intergroding

[I] ond interfingering siit, cloy, tine sand ,and
Peat with cammonly athick peat cover

EOLIAN ENVIRONMENT
E DUNE DEPOSITS: Mainly fine sand, siity

tine sand

y poorty sorted silty gravel ond sond;

FORT NORMAN
96C

EQL OGY

3 [} 3 )

13

20 z5 36 Kiiametres

GLACIAL-DRIFT DEPOSITS
GLACIOLACUSTRINE ENVIRONMENT
LAKE-DELTAK. DEPOSITS (includes
wide ttered 3and dunes): Mainly strot-
itied silty fine sond, fine sand ond
cloyey siit deposited In nearshore ioke
waotere ond where mojor meltwater
strearms entered temporary glociallckes;
3 ol st devel-

Gpment that map-unit L
LACUSTRINE DEPOSITS: Malnty strotified
and massive siit sty clay ,c loyey silt,and
minor fine sand deposited In deepsr offshare
woters ; this map-unit L. sometimes ovarlies
mop-unit D; extensive thermokorat devel~
apmaent in poorty droined , ponded woter areos

LACUSTRINE VENEER OVER MORAINE
DEPOSITS: Mainly siit, clayey sit,and siity
clay over till

GLACIOFLUVIAL ENVIRONMENT
HIGH TERRACE DEPOSITS: Mainly sond
with sorme gravelly beds ; mastty with osiit
ond surficial peat cover up ta IS teat thick
tocally
OUTWASH PLAIN OUTWASH DELTA

E VALLEY TRAIN DEPOSITS-- LOCALLY
CHANNELLED AND KETTLED: Mainly
strotitied tine to coorse sand, gravelly sand,
gravel,minor cobbles and siit
ICE-CONTACT FEATURES INCLUOWG
ESKERS,CREVASSE FiLLINGS, KAMES,
KAME TERRACES ,KAME DELTAS

DEPOSITS: Mainly sand ond .grovel cared

HE HE

rldges and mounds ; with minor sitt, t111, and
boulders occurring as inclusions and aver—
burden

GLACIAL ENVIRONMENT

HUMMOCKY MORAINE DEPOSITS (Inciudes
@ thin cover of fine-grained waterlaid and
windioid depasits 1ocaily s wall as fine ponded
ond slopewosh sediments beneath portly pect-
filled deep depressione ): Mainly i1

GROUND MORAINE DEPOSITS, GENERALLY
SHOWING STREAMLINED FORMS (includes
thin caver of silty 1o sandy slopewas h deposits
lacoity ): Malnly clay-rich till aver shale strata
sandy f111 aver sondstone strata ,ond siity tht
over corbonate racks , peat depos its on

AR

1245

MAP

LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT Mc¢ PHERSON ,NWT
PLEISTOCENE

VENEERED BEDROCK - DOMINATED
ELIEF Mainly o thin, but varioble and
locally thick,cover of drift chiefly till

M Meitworer ond spiliway chonnels
AS Abondoned strondiines : includes minor
roled beaches
ok Korstic tapogrophy ; sinkholes in soluble
[

racks (gypeum ,anhydrite ,dolomite ,
limestone )

slopes and In undroined holiows same V below 600’

GROUND MORAINE DEPOSITS WITH DEEPER
SLTY TO SANDY SLOPEWASH OVERLAY (Clossic
areas are the siopes of the Ebbutt ond Martin Hills.
ond the Horn Ploteau ):Mainly sift and sand aver tiil

BEVELLED TILL DEPOSITS (Includes
pockets of tine wateriaid materiol ond peat):
Mostly o log concentrate of boulders and
cobbies with frequent patches and pockats
of sond and gravel,waterlald alit and clay,
ond pect

BEDROCK —DOMINATED TERRAIN

WIDELY EXPOSED BEDROCK TERRAIN:
Malinly exposed bedrock and bedrack with o
thin, discantinucus veneer of drift; often
having rugged topagraphy ; includes very
rugged ercded topography

lce— flow fectures; inctudes glocial

grooves, glaclol fluting ,drumiinaid

ridges , streomiined hiis and ridges .
9

y 4

1 hilts
[4 Rack glaciers , talus ,and thick colluvium
on steep slopea
S . springs

NOTE : The some legend is shown an all map
sheets ; but rarely ore oll map-units
wsed ond shown on each Individuo! sheet

Map 9
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT Mc¢ PHERSON ,NWT
RECENT PLEISTOCENE

NONGLACIAL DEPOSITS
AND ENVIRONMENT

GLACIAL-DRIFT DEPOSITS

GLACIOLACUSYRlNE ENVIRONMENT

ridges ond mounde ; with minor skt , tit1, ond
bouldere occurring os inclusione ond cver—

[r]

VENEERED BEDROCK - DOMINATED
RELIEF:Molnly a thin, but variablke ond

ORGANIC DEPOSITS: Mainly peat - AKE-DELTAIC DEPOSITS (includee burden lacolly thick,cover of drift ichiefly till
muck ; fene bogs, morehes,and swompe kmy wcatterad sond dunes): Moinly strat~ GLACIAL ENVIRONMENT
" itied elity fine sond, fine eond, eilt, and HUMMOCKY INE DEPOSITS (Incki W and spliiwoy
FLUVIAL ENVIRONMENT © thin cover of fine-groined wotsriald and
FLOODPLAIN DEPOSITS: Moainty exposed atreame ent temporary glacial lakes;, AS  Abondoned strandiines ; includes minor
Grove! and eand , with thin tapetratum of samewhot iwss exteneive thar mokarst devel~ filled deep depresaione ): Mainly till raRked beoches
il ond fine sand on the wooded Inoctive opmaent that map-unit L GROUND MORAINE DEPOSITS, GENERALLY
portions of floodploine ; the Mockenzie LACUSTRINE DEPOSITS: Malinly stratified SHOWING STREAMLINED FORMS (Includes ,
River modern floodploin and up to Smiles and massive silt,sifty clay ,c layey silt,and thin cover of ity 1o sandy slopewash depceis o Karstic topogrophy ; sinkhoies in soluble

In the lower recches of flot—grodient
tributary rivers consist mainly of strotitied
siit and fine sond ,with minar clay,gravel,
and stones

ALLUVIAL FAN AND CONE DEPOSITS:
Mainly poorly sarted silty gravel and sond;
lesser silt,cloy ond cobbles

[a]
=]

ESTUARINE DELTAIC AND FLOODPLAIN

minor fine 3ond deposited In deecer offahore
waters ; this mop-unit L sometimes overlies
mop=-unit D; extenslve thermakorst devel~
opmant in poorty drained, ponded water areas
LACUSTRINE VENEER OVER MORAINE
DEPOSITS: Malnly silt, dayey silt,and silty

[ j clay over il

GLACIOFLUVIAL ENVIRONMENT
[E HIGH TERRACE DEPOSITS: Mainly sond

lcE CONTACT FEATURES INCLUDING

locolly ): Mointy cloy- rich tili aver shole a,
aondy 111 over so etrataond -my g
Yarbonote rocks ; peot depos its

siopes ond In undrain

GROUND MORAINE DEposlTs WITH DEEPER

SILTY TO SANDY SLOPE' OVERLAY (Clossic

orece are the slopes of m- Ebbu" and Mortin Hills
the Horn Plateau ):Moainly sih and sand over thil

BEVELLED TILL DEPOSITS (Includes

HB H [

o

Qentie
ad Mlluw-'!ﬁm.vblh-.oo

4

rocks (gypsum , onhydrite ,dolomite ,
limestone )

lce— fiow featuras ; includes glaciol

graaves, glaclol tiuting, drurr\l'mold

ridges , streamlined hils ond r
ncteco|

dge
drumlinized los pes, Crag-: L ontail hitle

with sorme grave lly beds ; mastly witha silt pockets of fine wateriold material and pect)
DEPOSITS: Malnly somelexiy intergrading g e TIio! pebt Zover up 10 15 feat thick Mostly o log concentrote aof bouiders and c Rack 9'“"" Jolus .ond thick caltuviur
ond interfingering silt cll:y. fine sond,ond ocolly cobbles w frequent .potc nd packats on steep sl
peat with caommonty o k peat cover OQUTWASH PLAIN,OUTWASH DELTA of sond ond gravel, waotarlaid slit ond cloy,
EoLian vimoNvENT (o] S it Restis Bhally oeos S sorines
. D AND KETT! D: Mainl BEDROCK —DOMINATED T Al
?}JNE DE POSITS: Mainly fine sand, siity strotiftisd ”m Yo Coorse sar .qmv.lly-&!ﬂd. o o T ERRAIN R
ne sond ra cobbles and silt WIDELY EXPOSED BEDROCK TERRAIN: NOTE : The some hown an all map
“ Mainly exposed bedrock ond bedrock with o

s

ERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME DELTAS
OEPOSITS: Mainly sond and .grovel cared

thin, discantinucus veneer of drift; aften
naving rugged tapagraphy ; includes very
rugged eroded topography

\
sheets ; but rarely are oll mop-units
used ond shown on each individuol sheet
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT Mc PHERSON ,NWT

RECENT
NONGLACIAL DEPOSITS
PEATLAND ENVIRONMENT
ORGANIC DEPOSITS: Mainly peat ,some
muck ; feny boge, marshes,and swomps

FLUVIAL ENVIRONMENT
FLOODPLAIN DEPOSITS: Molinly exposed
grovei and sand, with thin tapstratum of
siit ond fine sond on the waoded incctive
p ot t L th
River modern floodptoin ond up ta Smites
in the lower reaches of flat—grodlent
tributary rivers consist mainly of strotified
siit ond fine sond ,with minor cloy,grovel,
and stones

E] ALLUVIAL FAN AND CONE DEPOSITS:

Mainly poorly sorted siity gravel and sond;
lesser siit,cloy ond cobbles

ESTUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Mainly camplexly intergrading
and Interfingering silt, cloy, fins sand and
pect with commanly o thick peat cover

EOLIAN ENVIRONMENT
DUNE DEPOSITS: Moinly fine sand, silty
tins sond

PLEISTOCENE
GLACIAL-DRIFT DEPOSITS

GLACIOLACUSTRINE ENVIRONMENT
DEFOSITS (IhC|\ldl
Moainly strot-

streoms ent

d temporary glacial lokn.

opment thot mop unit L

LACUSTRINE DEPOSITS: Malnly stratitied
and mossive silt ,slity clay ,c loyey slit,ond

LACUSTRINE VENEER OVER MORAINE
DEPOSITS: Mainly siit, ciayey siit,ond siity
cloy over till
GLACIOFLUVIAL ENVIRONMENT
HIGH TERRACE DEPOSITS: Mainly sond
with some grove ily beds ; mostly withosit
ond surficial peat Cover up 1o IS feet thick
iceu\

UTWASH PLAIN, OUTWASH DELTA ,
SRV EY TR ATN DEPOLITS - - LOCALLY
CHANNELLED AND KETTLED: Moinly

nd, grovelly sand,
grevl Trinor cobbies ond et
ICE-CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME DELTAS
DEPOSITS: Moinly sand ond gravel cored

rlages and mounds ; with minor siit, titl, and
boulders occurring as Inclusione ond over—
burden

GLACIAL ENVIRONMENT

E]B EIEI

HUMMOCKY MORAINE DEPOSITS (Includes
a thin cover of fine-grained woteriold o
windicid deposits locolly os weli os fine ponded
ond slopewosh sediments beneath portly pect-
filled deep depreasions ): Mainly till
GROUND MORAINE DEPOSITS, GENERALLY
SHOWING STREAMLINED FORMS includes
Ihin covar of sity to sondy sopewash depoetts
1acoliy ) Mointy Sioy- riah M over Sho o,
sondy til|l over sandstone stroto .ﬁhd -Ilty Hll
aver carbonate rocks ; p.uv dey on gentie
Sapes ond in undrainel o lTone o me Vb

GROUND MORAINE DEPosITs WITH OEE!

PER
SILTY TO SANDY SLOPEWASH OVERLAY (Clossic
crecs are the siopes of the Ebbutt ond Mortin Hills
and tha Horn Platecu ):Mainly sift ond sond over il

EEVEL_.L_ED TI\.\_ DEFOSITS (Includes
. rlaid moterial ond peat):
Moll y % lw Concentrote of muu.u ond
n

bbies wh potches ond pochets
SR o Snd gr Vel wateriore i ang Clay:
ond pect

BEDROCK —DOMINATED TERRAIN

WIDELY EXPOSED BEDROCK TERRAIN:
Mainly exposed bedrock ond bedrock with o
thin, discontinuous veneer af drift; often
hoving rugged topagrophy ; Includes very
rugged eroded topography

RELIEF Moinly 6 thin, but voriab

m VENEERED BEDROCK - DOMINATED
and
locolly thick,cover of drift ;chietty tiil

M Meitwoter ond spiliwoy channsls

AS Abondaned strondlines ; includes minar
romed beaches

Kaorstlc 10pography ; sinkholes in sotuble
rocks (gypsum ,conhydrite ,dolomite ,
limestone )

low 8o0*

Grooves, glaciol tiuting ,drumlinoid
ridges , streamiinsd hils and ridges,
Q@ | hills.

/ Ice— tlow fectures; includes glociol

C Rock glaciers , tolus ,ond thick colluvium
an steep slopes

S  Springs

NOTE: The some legend is shown on oll mop
sheets ; but rarely are ail mop-units
used ond shown on each individuol sheet

. Map !/




RECENT
NONGL ACIAL DEPOSITS
PEATLAND ENVIRONMENT
ORGANIC DEPOSITS! Moinly peat ,some
muck ; fens boge, marshes,ond swomps

FLUVIAL ENVIRONMENT
FLOODPLAIN DEPOSITS : Mainty exposed
@rovel ond sand, with thin topstratum of
i1t ond tine sond on the woaded inactive
portions of tloodpicine ; the Mockenzis
River modern f100dpiain ond up to Smiles
in the lowsr recchas of fiot—grodiant
tributary rivers consist mainly of atratitied
i1t ond fine sand ,with minar cloy,gravel,
and stanes

ALLUVIA\_ FAN AND CONE DEPOSITS:
nly poorly sorted silty qrnv.l ond sond,;
er sitt,ctoy ond cobble

ESTUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Mainly complaxly intergrading

E ond interfingering alit, clay, fine sond ,ond
Peat with commonty o'thick peat cover

EOQLIAN ENVIRONMENT

DUNE DEPOSITS: Mainly tine sond, siity
tine sond

SANS SAULT RAPIDS

RECONNAISSANCE SURFICIAL GEOLOGY MAP
g g 3 0 E ?‘h

meﬁﬁﬁxuu
LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT Mc PHERSON ,NWT

PLEISTOCENE
GLACIAL~-DRIFT DEPOSITS

GLACIOLACUSTH|N! ENVIRONMENT
AKE-DE LTAIC DEPOSITS (Includee
w\n-ly scattered sond dunes): Moinly strot-
y fine sand, fine sand, slit, ond
anp 1

23
a

mojor meitwaoter
ntared temporary glaciol lokes;
ess

opmaent thot map-unit L
LACUSTRINE DEPOSITS: Molnly stratified
ond maossive silt, sitty clay ,c loyey silt,and
minor fine sond depasited in deeper offshore
waters ; m\. mMop-unlt L sometimes cveriles
st devel-
cprmant In poony droined, ponded woter arece
LACUSTRINE VENEER OVER MORAINE
DEPOSITS: Mainly silt, coyey silt,and eilty

Dj clay over tiil

GLACIOFLUVIAL ENVIRONMENT
HIGH TERRACE DEROSITS: Moainly sond
th some grove Ity beds ; mostty with osily
Snd anr eIl peat Laver up 10 15 Teat Thick
b:cll

TWASH PLAIN,OUTWASH DELTA,
VA\_LEY TRAIN DEPOSITS-- LOCALLY

CHANNELLED AND KETTLI
stratified tine to coorse sand,
Grovel, minor cabbies and silt
ICE-CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME DELTAS
DEPOSITS: Mainty sand ond grovel cored

ED: Mainiy
grovally sond,

ridges ond mounds ; with minor siit, ti11, and
boulders occurring ce ncluelone ond over—
burden

GLACIAL ENVIRONMENT

HUMMOCKY MORAINE DEPOSITS (Inciudes ]
o Thin cover of fine- groined woteriold ond

well o8 fine ponded
Beneath porlly pect
+ Mainly il
ROUND MORAINE DEPOSITS, GENERALLY
SO NG ETNEAMLINE D FORMS Ninciudes
thin cover af sity to sondy ucp-we-n depcatts
locally ): Malnly cloy- rich tlil over shale strata,
stratoand siity 1l
dlpoll on gentia

h Unarained o lawe, Fome\V below 800"
GROLND MOF(AINE DEPOSITS WITH DEEPER
SITY TO SANDY SLOPEWASH OVER /
and the Horn Plateau ):Mainly silf and sond over till
BEVELLED TILL DEPOSITS (Includes
pockets of fine wateriid materiol ond peat): ¢

LAY (Closa
orecs ore the slopes of the Ebbutt ond Martin HIII-
o log concentrote of bouklers and
potches and pockets

EB HB

ond peat s
BEDROCK —DOMINATED TERRAIN

WIDELY EXPOSED BEDROCK TERRAIN:
Mainly exposed bedrock ond bedrack with o
thin, discantinucus venesr of drift; often
hoving rugged topography ; Includes very
rugged eroded topography

NOTE

VENEERED BEDROCK - DOMINATED
RELIEF :Mainly o thin, but vorioble
locolly thick.cover of drift ichiefty tiil

Meltwoter ond spiliwoy channele

Abondaoned

strondiines ; includes minor
rolsed beoches

Korstic topogrophy ; sinkholes in soluble
rocks (gypsum ,onhydrits ,dolomite ,
limeswone )

Ice - tlow teatures; includes glocial
Qrooves, glaclal fluting ,drumiinald
ridges , streamiined hile ond ridges ,

1 hil

Rack glaciers , tolus ,and thick cotluvium
on steep slopes

Springs

The some legand ls shown on oll map
sheets ; but rarely are all mop-units
vsed ond shown on sach individuci sheet
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PLEISTOCENE
GLACIAL-DRIFT DEPOSITS
GLACIOLACUSTRINE ENVIRONMENT
LAKE-DELTAKC DEPOSITS (inciudes
widely scatterad sand dunes): Mai
itled siity fine sond, fine .

PEATLAND ENVIRONMENT
ORGANIC DEPOSITS: Moinly pect some
muck ; fenaboge, marshes,ond swomes

FLUVIAL ENVIRONMENT
FLOODPLAIN DEPOSITS: Mointy exposed
grovel and sond, with thin tapstratum af
silt and fine sand on the wooded inactive

ond where majar meltwater
streams entersd temporary glociol lokes;
samewhat iess extensive thermokorat devel-
opment that map-unit L

LACUSTRINE DEPOSITS: Moinly stratitied

[t]

n ficodplain ond up tc Smiles and mossive silt, sitty clay ,c lo: silt,and
recches of-flot—grodient minor tine sond deposited In deeper offshare
consist mainly of strotified waters ; this map-unit L some e overlies

op: =53 st devel-

opment in poorly drained , ponded water arecs
LACUSTRINE VENEER OVER MORAINE
DEPOSITS: Mainiy silt, clayey siit,ond siity
cloy over till

GLACIOFLUVIAL ENVIRONMENT
HIGH TERRACE DEPQOSITS: Moinly sand
with some grove lly beds ; mastly withoailt

ond surficiol peot cover up fo IS feet thick

nd ,with minor cloy,grovel,

ond stones

ALLUVIAL FAN AND CONE DEROSITS:
Mainly poorly sorged silty grovel and sond;
lesner silt,cloy ond cobbles

ESTUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Mainly complexly intergrading
ond Interfingering siit, clay, fine sand ,ond

Ce]

Peot with commonty a thick peot cover ‘g::;‘:ASH PLAIN, OUTWASH DELTA
EOLIAN ENVIRONMENT E VALLEY TRAIN DEPOSITS-- LOCALLY
CHANNELLED AND KETTLED: Mainly

DUNE DEPOSITS: Mainty fine sand, siity
tine sond

[w]

stratitied tine to coorse sand , grovelly sand,
grovel,minor cobbles and silt

ICE -CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME DELTAS
DEPOSITS: Mointy 2ond ond gravel cared

LEGEND OF SURFICIAL. DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT Mg PHERSON ,NWT
RECENT
NONGLACIAL DEPOSITS

GLACIAL ENVIRONMENT

AH HE

BEDROCK ~DOMINATED TERRAIN

20 25 30 Kilomatres

ridges ond mounde ; with minor sit, i), ond
boulders occurring os nciusions and aver—
burden

VENEERED BEDROCK - COMINATED
RELIEF :Mainly a thin, but vorioble and
tocolly thick,cover of drift ichistily till

[®]

HUMMOCKY
o thin cover af tine-groined waterloid ol
windlald depasits locolly os well os fine
ond slopewosh sediments beneath portly pect-
filled deep depreseions ): Mainly 11t
GROUND MORAINE DEPOSITS, GENERALLY
SHOWING STREAMLINED FORMS ((includes
thin cover ot aiity 1o sandy slapewash deposits
locolly }: Malnly clay- rich till over shole stroto. racks (gypsum , cnhydrite  dolomite ,
sondy til1 over sandstone strata,and silty til fimestone -
over carboncte rocks |, peoct depos its on gentie .
sicpes ond In undrained hollows ;26 me V below 800’

/ Ice—tiow tsotures; includes glociol

the Horn Pictecu):Mainly sik ond sond aver tiil

BEVELLED TILL DEPOSITS (Inciudes
pockets i

grooves, glaclal tiuting,drumiincid
of tine waterlald moteriol and peot): c

Meltwater ond epitiwoy channels

MORAINE DEPOSITS (Inl:’\"\.‘ub- ]

AS

Abandaned

strondlines ; includes minor
rosed beoches

Karstic topography; sinkholes In soluble

GROUND MORAINE DEPOSITS WITH OEEPER
SWTY TO SANDY SLOPEWASH OVERLAY (Clesaic
orecs cre the siopes of the Ebbutt ond Martin Hills ridges , streomiined hils and ridges ,

Qo | hills

Rack glodiers , talus ,ond thick colluvium
on steep slopes

cob with frequent patches and pockets
of sond and grovel, watericid silt ond cloy,
and peot s Sorings

WIDELY EXPOSED BEDROCK TERRAIN:
Mainly exposed bedrock ond bedrock with o
1hin, discontinuous veneer of drift; often
having rugged topography ; Includes very
rugged eroded topography

NOTE :

The some legend is ehown on oll mop
sh

s ; but rorely are oll mop-units
ond shawn on each individucl sheet

Mop /3]
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LEGEND OF SURFICIAL. DEPOSITS ALONG MACKENZIE RIVER ‘:/AL.L.EY FROM FORT SIMPSON TOl FORT Mc' PHERSON NWT

PLEISTOC ENE
GLACIAL-DRIFT DEPOSITS
GLACIOLACUSTRINE ENVIRONMENT
AKS

NONGL ACIAL DEPOSITS

PEATLAND ENVIRONMENT
ORGANIC DEPOSITS: Mainly peat ,some
muck ; feng boge, marshes,and swomps

FLUVIAL ENVIRONMENT
FLOODPLAIN DEPOSITS: Mainly exposed
grovel and sand, with thin topstratum of
3iit ond fine sond on the woaded inactive

sof ¢ :

R‘VG!‘ modern ticodplain and up to Smiles

af flat—~gradient

ers consist mainly of atrotified
and ,with minor clay .gravel,

E DEPOSITS: Malnly atratities
y clay ,¢ sitt,ond

p
i this mop-unit L sometimee ove:
It D; wxtensive thermakarst devel-
opment in poorty droined , ponded woter orecs
LACUSTRINE VENEER OVER MORAINE
DEPOSITS: Mainly silf, doyey silt,ond siity

: :l cloy over tiit

GLACIOFLUVIAL ENVIRONMENT

ALLUVIAL FAN AND CONE DEPOSITS:
Mainly poorly sorted slily grovs! and sand;
¢ silt, cloy and cobbles

[a]

E:I ESTUARINE DELTAIC AND FLOODPLAIN HieH Tw‘f_ﬁ:rﬁsﬁls’gsd‘iSlTs mm iy wond

SEPOSITS: Mainly carmplexly intergroding 3 i

and interfingering silt, cley, Yine -nnd ond surficiol peat caver up to 1S feet thick
pect with cammanly G thick peat cover locolly

ECLIAN ENVIRONMENT OUTWASH PLAIN,OUTWASH DELTA

[o]
]

VALLEY TRAIN DEPOSITS-- LOCALLY
CHANNELLED ANO KETTLED:Mainly
strotitied tine to cacrse sond , grovelly sand,
Sraveliminor tobbies ond ant
ICE-CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME DE\_TAS
DEPOSITS: Mainly sand ond .gravel cared

DUNE DEPOSITS: Mainty fine sand, siity
fine sond

ridges and mounds ; with minar sht, till, and

and over—
burden
GLACIAL ENVIRONMENT
HUMMOCKY MORAINE DEPOSITS (Includes

@ thin cover ot fine-grained waterlold ond
windiold depo s well os fine ponded
and siapewos! diments beneath partly pect-
f\ll.d deep d-p'n-km-), Moinly titl
ROUND_MORAINE D SITS, GENERALLY
SHOWING STREAML!NED FORMS X(includes
thin cover af siity to sondy siopewash d-pcnm
lacolly ): Malnly clay- rich 1lli over shale o,
sondy 11| Sver sondatone SHa1S,and ality "
pos

Ce]

carbonate racks

GROUND MORAINE DEPOSITS WITH DEEPER
SILTY TO SANOY SLOPEWASH OVERLAY(Ciossic
orscs ore the slopes of the Ebbutt and Martin Hills
ond the Horn Plotecu):Mainly sit ond sand aver il
BEVELLED TILL DEPOSITS (inciudes

pockets of tine waterioid material ond peat):
Mostly @ 1o concentrate of bouikders, and
cobbles with frequent potches and packets

of sand and grovel, woteriold silt and clay,

and peot

BEDROCK —DOMINATED TERRAIN

WIDELY EXPOSED BEDROCK TERRAIN:
Molnly exposed bedrock and bedrack with o
thin, discontinuous venekr of drift; often
hoving rugged tapogrophy ; includes vary
rugged eroded topagraphy

(=]

VENEERED BEDROCK - DOMINATED
RELIEF:Mainly a thin, but variabie and
lacally thick,caver of drift ichisfly till

M Meltwater and spiliwoy channels
AS  Abondaned strondiines; includes minar
robed beoche:
ok Karstic topogrophy ; sinkholes in soluble
o rocks (gypsum ,Onhydrite ,dolamite ,

fimestone )

includes glaciol
groaves, glaclol tiuting ,drumiinoid
rikiges, streomiined hils ond rld
Gromiinized ondecapes crog. andrall il

[4 Rock gladiers , talus ,ond thick calluvium
an stoep slopes
S  springs

NOTE : 'rn. some fegend ls shown an oil map
1 but rarely are oll map-unite
and shown on each individuol sheet

Map /14
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT Mc PHERSON ,NWT

RECENT
NONGL ACIAL DEPOSITS
PEATLAND ENVIRONMENT
ORGANIC DEPOSITS: Mainly pect 3ome
muck , fena,bogs, marshes,and swompe

FLUVIAL ENVIRONMENT
FLOODPLAIN DEPOSITS: Mainty exposed
grave! ond sond , with thin topstrotum of
siit ond tin i
portions of

ond stones

ALLUVIAL FAN AND CONE DEPOSITS:
Moinly poorly sorted siity grovel and sond;
losser silt,cloy ond cobbles

ESTUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Moinly complexly intergroding

E * and interfingering silt, cloy, fine sond ,ond
pect with commonly o thick pect cover

EOLIAN ENVIRONMENT

DUNE DEPOSITS: Moinly fine sand, ailty
tine sand

PLEISTOCENE
GLACIAL-DRIFT DEPOSITS

GLACIOLACUSTRINE ENVIRONMENT
LAKE-DE LTAK DEPOSITS (includes
Mainly strot-
d, alit, ond
hore loke
waotere ond where mojor meltwoter
streoms entered temporary glociol loks

somewhat less extensive tharmokorst deve
opment thot map-unit L

opmaent in poorly droined , ponded water orecs.

LACUSTRINE VENEER OVER MORAINE
CEPOSITS: Moinly siit, ctayey silt,and silty
cloy over till
GLACIOFLUVIAL ENVIRONMENT
HIGH TERRACE DEPOSITS: Moinly aand
with some grove lly b , mostly withasilt
ond surficiol pect cover up to IS feet thick
locolty

A OUTWASH DELTA ,
VALLEY TRAIN DEPOSITS=- LDCALLY

stratified fine to coarse sond, grovelly sand,
grovalyminar cobbies ond silt
ICE-CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME OELTAS
DEPOSITS: Moinly sand ond grovel cored

]

ridges and mounde ; with minar silt, til1, and
bouldere occurring as inclusions ond over—
burden

VENEERED BEDROCK - DOMINATED
RELIEF Moinly a thin, but voriable and
locolly thick,cover of drift chiatly tiil

[®]

GLACIAL ENVIRONMENT

H

BEDROCK —~DOMINATED TERRAIN

HUMMOCKY MORAINE DEPOSITS (includes ]
© thin cover af fine-groined woterlold ond
windlaid deposits locolly os wall o8 fine ponded
ond slopewosh iments beneath portly pect
filled deep depreseione ): Mainiy till

GROUND MORAINE DEPOSITS, GENERALLY
SHOWING STREAMLINED FORMS (includes
thin cover of silty to sondy slopewos h deposits
locally }: Moalnly cloy-rich 1ill aver shale strato, rocks (gypsum ,onhydrite ,dolomite ,
sondy til! over sondstone strotc,and siity til limestone )

over corbonote rocks , peat depos its on

siopes ond In undroined hollows ;3ome V beloweOO"

GROUND MORAINE DEPOSITS WITH DEEPER Ice— tlow teotur inctudes glocial
SILTY TO SANDY SLOPEWASH OVERLAY(Clossic / groaves, glocial tluting ,drumiinoid
pockets of tine watericid moteriol ond peat): c

Meitwater ond spiilwoy chonnels

includes minor

Karstic tapogrophy : sinkhoies in soluble

Crecs ore the siopes of the Ebbutt and Mor tin Hilte ridges , streomiined hiis ond ridges ,
ond the Horn Plotecu):Mainly silt ond sand over till n-toll hills

Rock glodere , tolus ,ond thick colluvium
ond pockats on steep slopes
of sond ond grovel, woterlold slit ond clay, .

ond peot S Springs

WIDELY EXPOSED BEDROCK TERRAIN:
Moinly exposed bedrock ond badrock with o
thin, discontinucus veneer of dritt aften
hoving rugged tapogrophy ; includes very
rugged eroded topogrophy

NOTE: The some legend ie ehown on ol map
ts ; but rarely ore oll mop-units
ond shown on eoch individuc! sheet
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT Mc PHERSON ,NWT
RECENT PLEISTOCENE

NONGLACIAL DEPOSITS GLACIAL-DRIFT DEPOSITS ridges and mounds ; with minor st , til1, and VENEERED BEDROCK - DOMINATED
- RELIEF :Mainly @ thin, but variable and
P AND ENVIRONMENT GLACIOLACUSTRINE ENVIRONMENT 9 o% ond aver Y . >
ORGANIC DEPOSITS: Mainly peat ,some LAKE-DELTAKC DEPOSITS (includes burden locally thick,caver of drift ;chiefly tiil
muck ; fens boge. marshes,and swomps It Iy scattered sond dunes): Mainly strat- GLACIAL ENVIRONMENT
o< sty fine sond, tine sond, silt, ond HUMMOCKY MORAINE DEPOSITS lincludes Meltwater ond spiliwoy chonnals
FLUVIAL ENVIRONMENT clayey silt deposited in neorshore loke © thin cover of fine-grained waterlald and M eltw i spiliwoy

waoters and wi

¢ mojor meltwoter windicld deposits 16colly as well os fine ponded

FLOODPLAIN DEPOSITS: Mainly sxposed streoms entered temporary glocial lokes, ond slopewaosh sediments benecth portly pect AS Abondoned strondlines ; includes minor
grovel and sond, with thin topstratum of ess ! devel- filled deep deprossions ): Mainly till rosed becches
it ond fine sond on the wooded inactive opment that mop-unit L

GROUND MORAINE DEPOSITS, GENERALLY

SHOWING STREAMLINED FORMS (inciudes

thin cover of siity 10 sondy siapewash Geposits oK Kaorstic topogrophy ; sinkholes In soluble
locotty ): Mainly cloy-rich till over shole strota, o rocks(gypsum ,onhydrite ,dolomite ,
sondy til | aver sondstone strato,ond silty til limestwone )

over carbonote rocks i peat depos Its on .

siopes and in undroined hollows some Vheiow 800

GROUND MORAINE DEPOSITS WITH DEEPER / lce - flow features; includes glocial

portians of ticodplalns ; the Mackenzie LACUSTRINE DEPOSITS: Molnly stratified
River modern floodploin and up to Smiles and massive silt, silty clay ,cloyey siit,ond

in the lower recches of flot—grodient sand deposited in deeper offshore
tributary rivers consist mainly of strotified his mop-unit L sometimes overlies
silt and fine sand ,with minar clay,grovel,
ond stones

mop-unit D; extensive thermokarst devel-
opment in poorty drained , ponded woter oreas
LACUSTRINE VENEER OVER MORAINE
ALLUVIAL FAN AND CONE DEPOSITS: DEPOSITS: Mainly slit, clayey sitt,and siity
Moinly poorly sorted silty gravel and sand; clay over it ;

lesser silt,cloy ond cobbles

SILTY TO SANDY SLOPEWASH OVERLAY (Clessic Qrooves, glocicl fiuting, drumiinald
Orecs cre the slopes of the Ebbutt and Mar tin Hills ridges , atreomlined hils ond ridges ,
the Horn Platecu ):Mainly silt and sond over il drumlinized londacopes,crag-ond-toil hills

GLACIOFLUVIAL ENVIRONMENT

HE O
A H

ESTUARINE OELTAIC AND FLOODPLAIN E} HIGH TERRACE DEPOSITS: Moinly sond BEVELLED TILL DEPOSITS (Includes
; with some grove ily beds , mostly withositt pockets of tine wateriaid materiol ond peat):
2,?:ﬁ’;;’;:;,,::s::;’,fg"‘;';;"',.‘,:‘;':g,:‘;";“,g ond marioIo) peot Eover up 1o 15 feet thick Mostly o l9g concentrote of boulders and c Rock glaciers , talus ,ond thick colluvium
pect with commonty o thick pect caver lacally cobbles with frequent potches ond pockets on stesp siopes
of scnd ond gravel,wateriaid vilt and clay,
EOLIAN ENVIRONMENT OUTWASH PLAIN,OUTWASH DELTA, .
E VALLEY TRAIN OEPOSITS-- LOCALLY and peot - S Springs
DUNE OEPOSITS: Mainly fina sond, slity CHANNELLED ANO KETTLEO: Malnly BEDROCK —DOMINATED TERRAIN
Tine sond strotified tine 1o Coorse sand, grovelly sond, .
Grovel,minor cabbles ond silt WIDELY EXPOSED BEDROCK TERRAIN: NOTE : \
Pt AR S A I The some legend Is shown on all map
ICE-CONTACT FEATURES INCLUDING 'y exp bedrock an rock with o sheets ; but rarely are oll mop-unite
ESKERS,CREVASSE FILLINGS, KAMES, R agiscantinuaus vaneer of A oTen used ond shown on each Individuc! sheet
KAME TERRACES ,KAME DELTAS having ruw-.: "‘“’""'“""' iincludes very
DEPOSITS: Moinly sand ond .grovel cored rugoed erod

Mop /6




ON‘TARATwl‘JI»E RIVER
RECONNAISSANCE SURFICIAL GEOLOGY MAP

[ 3 0 I s
s ° o 1) 28 30 Kiometres
LEGEND OF SURFICIAL. DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT M¢ PHERSON ,NWT
oo, PLESTSCENE 5 min 1111, o VENEERED BEDROCK - DOMINATED
NONGLACIAL DEPOSITS SLACIAL o peroes fldges g menge i mnor sk, iy ers [ YENEERED seomock - ooMmared
ORGANIC OEPOSITS: Mainly peot ,some bur

muck fenabogs, morshes,ond swomps

EN
KE~ DELTMC DEPOSITS (lncludn-
d sond dunes): Moinly strat-

sond, fine

GLACIAL ENVIRONMENT

focolly thick,cover of drift ichiefly till

e d‘ alit, and HUMMOCKY MORAINE DEPOSITS (Includes ] Meltwoter ond spillwoy channels

1AL ENVIRONMENT n nearshore loke © thin cover of fine-grolned wotericid ond

FLUV rs and where mojor meltwoter windlaid a.“-n- Iocclly o8 weli os fine ponded
FLOODPLAIN DEPOSITS: Mainly sxposed Sirecrma entered temporary Slocial lokas; ond slopewosh sedime! neath portly pect- A§  Abondoned strandiines  includes minar
Qrove! and sand, with thin topstratum of oval mlca deep dnpm-bon-) Mainty titl rosed beoch:
slit and fine sond on the woed’d Incctive opmant thot "‘°v unlt L IND MORAINE DEPOSITS , GENERALLY
3 of ¢ ith LACUSTRINE DEROSITS: Mainly stratitied E SROWING ST REAMLINED FORMS Lnauder
River modern floodplain and up 16 Smilas ond messive wilt,aity cloy e layey silt ond thin cover of silty to sandy sopewash dapaosite ol Korstic tapography; sinknoles in soluble
In the lower recches of flot—grodient inor u-pc-u.u In deeper offshore locoily ): Malnly cloy-rich till over s © rocks (gypsum ,onhydrite ,dolomite ,
tributcry rivers consist mainly of stratitisd wv'-f- 3t - mun-unlt L somaetil r"-

hole o,
sandy ti1 over s tone strato ,ond Illvy i

limestone )

onds
11 LRI . h mit » 1, »t devs aver rbﬂl\ﬁ'l rocks ; peot GQDOI Its on gentie
Shd stanes SO Wit miner cloy,grove et I oorsy Groined «porcied worer oreas “lopes ond in Undrained Tolioue . oM V balow 800"

HH

LACUSTRINE VENEER OVER MORAINE GROUND MORAINE DEROSITS WITH Ice~tiow teatures; includes glacial
ALLUVIAL FAN AND CONE DEPOSITS: DEPOSITS: Mainty slit, cloyey 3ilt,and silty [E SLTY TO SANDY SLOPEWASH OVERLAY(Clossic grooves, gloclol fluting ,drumiinold
m‘n.l:‘_ly.m-e;:: M;::ﬂc:ggr Qrovel ond sond; cloy over till arecs cre the siopes of the Ebbutt ond Martin Hilis

Y s

GLACIOFLUVIAL ENVIRONMENT

ond the Hom Piotecu ):Mainly silt ond sand over tlit

ridges,streamiined hiis ond ridges .
dry 9

1 hils

ESTUARINE DELTAIC AND FLOODPLAIN E HIGH TERRACE DEPOSITS: Moinly son BEVELLED TILL DEPOSITS (Includes .
with some grava Ity beds ; mosttly wl(ha'il! pockets of fine watericid moteriol ond pect):
[E7] Sepesmatuan et inarmasng S e Srovay Sed s mest With o S, 3 fns, weteriod morerEl Snd s € Dotk giogmaots sond mick cottuvim
Beat with commonly o thick peat cover locally boks’ witn fraclient corches Gnopackets
OUTWASH PLAIN,OUTWASH DELTA ond ond grovel,waterioid silt ond cloy,
FoLian EnvimoNENT (o] RiTan eyt gty e S serives
N Main! BEDROCK ~DOMINATED TERRAIN
?ﬁ‘r:emosposn’s Mainty fine sond, silty strotified tine ta coorse sond . gravs ly sand, .
@rovel,minor cobbles and siit WIDELY EXPOSED BEDROCK TERRAIN: NOTE: T some legend Is shown on all
Mainly expased bedrock and bedrock with o g
ICESONTACT FEATURES INCLUDING thin leu : tinuocus veneer of drift :ll.n . 81 but rorely ore olt map-unite
ESKERS ,CREVASSE FIL LINGS, KAMES, hoving rogoe b used ond shawn on each individuol sheat

KAME TERRACES ,KAME DELTAS
DEPOSITS: Mainly sond ond graovel cored

rugged topagraphy i Includes very
rugged ercded topography

Map |7
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PEATLAND ENVIRONMENT
o

FLUVIAL ENVIRONMENT

134°
o

MARTIN
106

330

HOUSE

132°

RECONNAISSANCE SURFICIAL GEOLOGY MAP

e

[== ="

. s [) 3 0

PLEISTOCENE
GLACIAL-DRIFT DEPOSITS
GLACIOLACUSTRINE ENVIRONMENT
AKE-DELTAK DEPOSITS (Includes
ey y scottered sand dun 0
ifled sitty fine sand, fine
cloyey siit ﬂ.pc.lhd in nearshor
‘wat ant ® mojor meltwater
3lreoms entered 1emporary glociol loKes:
hot less sxisnsive thermokarst devel-
opmnni thot map-unit L
LACUSTRINE DEPOSITS: Malnly strotitied
and massive silt, sity clay ,c layey silt,and
minor tine sond deposited in d

RGANIC DEPOSITS:. Moinly peat ,some
muck | fensboge, Morshes,ond swomps

FLOODPLAIN DEPOSITS: Mainly exposed
avel and sand, with thin tapstrotum af
It and fine sand an the woaded inoctive

mop
opment in poorty drained , panded water oreas

a ithe
River modern ticodplain and up to Smiles |I]
In 1he lowsr roocn-- at flat—gradient
LACUSTRINE VENEER OVER MORAINE
OEPOSITS: Mainly silt, cloyey silt,and silty

tributary ri st mainty at stratified
m cloy over thil

v
111 ORa fine 2and wwith minas 1oy, aravels
ond stones
GLACIOFLUVIAL ENVIRONMENT

HIGH TERRACE DEPOSITS: Moainly sond

With ‘sarma Grove |ty bede ; masty withoait
ond surficiol peot Sover up 10 15 feat tRICK
Icccll

ALLUVIAI. FAN AND ccmf_ DEPOSITS:
ly poorly sorted silty s} ond sand;
r slit, clay ond cobbl

ESTUARINE DELTAIC AND FLOODPLAIN
OEPOSITS: Mainly complexly intergrading
ond interfingsring sift, clay, fine sond and
pect with cammonty a thick pect cover

TWASH PLAIN,OUTWASH DELTA
EOLIAN ENVIRONMENT E] VAI_LEY TRAIN DEPOSITS -~ LOCALL
DUNE DEPOSITS: Mainly tine sand, silty CHANNELLED AND KETTLED: Main

[w]

fine sond

'y
momv.q tine ta ca L grovelty sand,

orse sand
gravel,minor cobbies and wilt
ICE-CONTACT FEATURES INCLUDWG
ESKERS,CREVASSE FIL LINGS, KAMES,
KAME TERRACES ,KAME DELTAS
DEPOS!ITS: Moinly sand ond gravel cored

15 20 = 30 Kiomatres

ridges ond mounds ; with minor skt , tii1, ond
boulders occurring os nclusione ond over—
burden
GLACIAL ENVIRONMENT
HUMMOCKY MORAINE DEPOSITS (Incluces
a thin cover of fine-groined woterlald and
windiold deposits jocally as well os fine
and slopewosh sediments beneath portly pect
filled deep depressions ): Moinly tiil
GROUND MORAINE DEPOSITS, GENERALLY
SHOWING STREAMLINED FORMS Wncludes
thin cover of sity to sondy siopewash deoosits
locally ): Malniy clay- rich 11 var who'

sandy t111 over sandt aroroand eilty i
over carbonate rack d
slapes ond In undral

GROUND MORAINE DEPOSITS WITH DEEPER

SILTY TO SANOY SLOPEWASH OVERLAY(Ciassic

arecs are the slopes of the Ebbutt and Martin Hils
and the Horn Plateau };Meinty st and sand over it

BEVELLED TiLL DEPOSITS (Inciludes

pocksts of fine wal

HB HH

cobbies with freq
of sond ond gravel, woterloid silt and clay,
and peot

BEDROCK —DOMINATED TERRAIN

WIDELY EXPOSED BEDROCK TERRAIN:
Mainly xposed bedrock ond badrock with a
thin, discontinuous veneer of drift; often
having rugged topogrophy ; Includes very
rugged eroded topogrophy

=]

M
AS

NOTE :

PHERSON ,NWT

VENEERED BEDROCK - DOMINATED
RELIEF:Malnly o thin, but vorioble ond
1ocolly thick,caver of drift ;chiefly til

Meitwoter ond spiliway chonnels

Abondoned strandiines ; includes minar
rosed beoches

Karstic tapogrophy; sinkholes in soluble
rocks (gypsum ,anhydrite , dolomite ,
limestone ) H

lce— fow feotur includes glocial
aroaves, glaclol fluting ,drumilinaid
ridges, streomiined hils ond ridges ,

< it

Rock glacers , talus ,and thick colluvium
on steep slop:

Springs

The some legend is shown on oli map
sheets ; but rarely are all mop-units
wsed and shown on each individuol sheet
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY .FRONI FORT SIMPSON TO FORT M<¢ PHERSON ,NWT
RECENT PLEISTOCENE

NONGL ACIAL DEPOSITS

GLACIAL-DRIFT DEPOSITS

PEATLAND ENVIRONMENT

ORGANIC DEPOSITS: Mainly peat ,some
OnGaNIC DEFOSITS: Malnty bt
FLUVIAL ENVIRONMENT

FLOODPLAIN DEPOSITS: Mainty exposed

grove! ond sand, with thin topstratum of

siit ond fine sand on the wooded inoctive

. portions of floodplains ; the Mockenzie

River modern fioodplain and up to Smiles
in the lowsr recches of fiot—gradient
tributary rivers consist mainty of stratitied
it ond fine sand ,with minor cloy ,grovel,
ond stones

ALLUVIAL FAN AND CONE DEPOSITS:
Mainly poorly sarted siity gravel ond sond;
lesser siit,cloy ond cobblss

ESTUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Moiniy complexly intergrading
ond Interfingering sit, ciay, tine sand ,and
peat i

commonty o thick pect caver

]

EOLIAN ENVIRONMENT

DUNE DEPOSITS: Malnty tine sand, siity
fine sand

GLACIOLACUSTRINE ENVIRONM

V]

NT
LAKE-DE LTAKC DEPOSITS, (Includes

cloyey slit deposited In nearshore loke
ond w

major meltwoter

m porary glaciol lokes,
naive ther mokorst devel-
opment that map-unit L

LACUSTRINE DEPOSITS: Malinly stratified
ond massive siit,sitty cloy ,c loyey silt,ond
minor fine sond deposited In deeper offshare
waters ; this mop-unit L sometimes overlies
mop-unit D; extersive thermokarst devel-
apment in poorty droined , ponded woter
LACUSTRINE VENEER OVER MORAINZ
DEPOSITS: Mainty siit, dayey silt,and sifty
clay over till

GLACIOFLUVIAL ENVIRONMENT

7]
[o]

HIGH TERRACE DEPOSITS: Moinly sond
with some grove iy beds ; mastly withasilt
ond surficial peat cover up to IS5 feat thick
tocatly

OUTWASH PLAIN, OUTWASH DELTA,
VALLEY TRAIN DEPOSITS=-~ LOCALLY
CHANNELLED AND KETTLED: Mainly
strotitisd tine to coorse sand , grovsliy sand,
grovs i minor cabbles and silt

ICE -CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FIL LINGS, KAMES,
KAME TERRACES ,KAME DEETAS
DEPOSITS: Mainly sond and gravel cared

ridges and mounds ; with minor skt , til|, and
occurring os in and aver—

s [r]
GLACIAL ENVIRONMENT

HUMMOCKY MORAINE DEPOSITS (includes M

o thin cover of fine-grained woterlald and

windlaid deposits locolly os well os fine ponced

and slopewosh sediments beneath portly peat AS
filled deep depressions ): Moinly till

GROUND MORAINE DEPOSITS, GENERALLY
SHOWING STREAMLINED FORMS (Includes

Thin cover of sty to sondy siopewas h depcatts ol
locolly ): Malnly clay-rich tili over shole stroto, o

sondy 1111 over sandstone stroto ,ond silty til

over carbonate rocks | peat deposite on .
siopes ond in undroined hallows jsom e V Belew 800
GROUND MORAINE DEPOSITS WITH DEEPER

SILTY TO SANOY SLOPEWASH OVERLAY (Clossic

oreos ore the slopes of the Ebbutt and Mortin Hills

ond the Horn Ploteou ):Moainly silt and sond over tilt
BEVELLED TiLL. DEPOSITS (Includes

pockets of tine woterioid materiol ond pean: ¢
Mostly o kg concentrate of bouiders on

A H

o
cobbles with frequent potches ond pockets
of sond ond gravel,waterlaid elit and cioy,
ond pect s
BEDROCK —DOMINATED TERRAIN

WIDELY EXPOSED BEDROCK TERRAIN:
Mainly expased bedrock ond bedrock with a
thin, discontinuous vaneer of drift; often
having rugoed topagrophy ; Includes very
rugged ercded topography

VENEERED BEDROCK - DOMINATED
RELIEF Mainly a thin, but varioble ond
locolly thick,cover of drift schiefly till

Meltwaoter and splliway chonnels

Abondoned strondlines ; includes minor
rosed beaches

Korstic topogrophy ; sinkholee in saluble
rocks (gypsum ,onhydrite ,dolomite ,
timestone )

lce—tiow fectures: Inciudes glociol
grooves , glacial tiuting ,drumiincid
ridges, streomlined hlis ond ridges ,
aromiint ne10l{ hille

Rock gladers , tolus ,ond thick colluvium
on steep siopes

Springs

:The some legend is shown on oll map

sheets ; but rorely are all mop-units
used and shawn on sach Individual sheet

Map /9
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT Mc¢ F’HERSON +NWT
PLEISTOCENE

RECENT

NONGL ACIAL DEPOSITS

PEATLAND ENVIRONMENT

ORGANIC DEPOSITS: Mainly pect ,some

muck ; fena,boge, maorshes,ond swamps

FLUVIAL ENVIRONMENT

]
]

FLOODPLAIN DEPOSITS: Moinly exposed

Qgrovel and sand , with thin tapstratum of

siit ond fine sand on the wooded inoctive
tt

River modern flcodplaln ond up to Smllss
In the lower reaches of flot—gradient
tributary rivers consist mainly of strotitisd
aiit and tine sand ,with minar ooy ,grovel,
ond stones

ALLUVIAL FAN AND CONE DEPOSITS:
Molnly poorly sarted silty grave! ond sand;
lesser slit,cloy ond cobbles

E£STUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Mainly complaxiy Intergrading
and_Interfingsring silt, cloy, fine sond,and
peoct with commonly o thick peat covar

EOLIAN ENVIRONMENT

DUNE DEPOSITS: Moinly fine sond, siity
fine sond

GLACIAL-DRIFT DEPOSITS

GLACIOLACUSTRINE ENVIRONMENT
LA

1A

I H

KE-DELTAK DEPOSITS (includes
widely scattered sand dunes): Mainly strot-
itled ality fine sand, fine sond, silt, ond
cloyey silt deposited in neorshore loke
woters ond where mojor meltwoter
strscms entered temporary glociol lokes;
deval-

less
opment that mop-unit L
LACUSTRINE DEROSITS: Malnly stratified
ond massive silt, sifty clay ,c loyey siit,ond
minor tine sand deposited in deepsr offshore
woters | this mop-unit L sometimes overlies
op- s er devel-
opmant In poorty droined , ponded woter arecs
LACUSTRINE VENEER OVER MORAINE
DEPOSITS: Mainly silt, cayey siit,and siity
cloy over tiil

LACIOFLUVIAL ENVIRONMENT

HIGH TERRACE DEPOSITS: Malnly sond
with some grave ity beds ; mostly withowsit
ond surficiol peat cover up 1o i5 feat thick
locolly
OUTWASH PLAIN,OUTWASH DELTA
VALLEY TRAIN DEPOSITS-~LOCALLY
CHANNELLED AND KETTLED: Moinly
strotitisd fine to coorse sand , grovelly sand,
roval,minor cobbles ond silt
ICE-CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME DELTAS
DEPOSITS: Moinly sand ond grovsl cored

ridges ond mounds ; with minor sit , 1111, and
Q os and over—

burden

GLACIAL ENVIRONMENT

HUMMOCKY MORAINE DEPOSITS (Includes
@ thin cover of tine—grained woterlold and
windiald depasits locally o8 well os fing

ond slopewosh sediments baneath portly peot

filled deep depressions ): Mainly flil
ND MORAINE DEPOSITS, GENERALLY

GROUI
SHOWING STREAMLINED FORMS (inciudes
e

thin cover of skity o sondy siopewash
locally ): Mainty clay- rich tiil over shole atro
sondy til1 over sondstone strata,ond slity il
over carbonate racks , pect depos its on

]

VENEERED BEDROCK - DOMINATED
RELIEF :Mainly o thin, but varicble
locally thick.cover of dritt ichiefly till

ond aplilwoy

Abondoned strandlines ; includes minar
roised beaches

Koratlc topogrophy; sinkholes in soluble
rocks(gypsum ,onhydrite ,dolomite ,
timestone )

Qentia
slopes ond in undroined haliows,same V belcw 800"

GROUND MORAINE DEPOSITS WITH DEEPER

SLTY TO SANDY SLOPEWASH O

VERLAY (Clossic
oreas ore the slopes of the Ebbutt and Martin Hifls
and the Horn Ploteau):Malnly sit ond sand over till

BEVELLED TiLL DEPOSITS (Includes
pockets of fine woterioid maoteriol ond peat):
Mostly o log concentrate of bouiders ond
¢obbms with frequent patches ond pachkets
of sond and grovel, woterloid slit and cloy,
ond peat

BEDROCK —~DOMINATED TERRAIN

WIDELY EXPOSED BEDROCK TERRAIN:
Mainly exposed bedrock ond bedrock with o
thin, discontinuous veneer of drift; often
hoving rugged fopography i includes very
rugged eroded topography

4

NOTE :

ice— tiow features; Includes glaciol
grooves, giaclal tiuting, drumiinold
ridges, streamiined hils ond ridges ,

LY

Rock glaciers , 1alus ,ond thick colluvium
on steep slopes

Springs

The some legend is shown on oil map
sheets ; but rorely ore oll map-units
vsed ond shawn on sach Individuot sheet
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT M<c PHERSON ,NWT

RECENT
NONGLACIAL DEPOSITS
PEATLAND ENVIRONMENT
ORGANIC DEPOSITS: Malnly peot ,some
mMuck , fennboge, marshas,ond swampe

FLUVIAL ENVIRONMENT
FLOODPLAIN DEPOSITS: Mainly exposed
Qrave! and sand, with thin topstrotum of
i1t ond fine sand on the wooded inactive

[ of t ithe

River modern ficodplain ond up to Smiles
in the lower reaches of flat—gradient
tributary rivers consist mainly of stratified
slit ond fine sond ,with minar clay ,Qrovel,
and stones

ALLUVIAL FAN AND CONE DEPOSITS:
ly poorly sorted siity grovel ond sond;
r silt,cloy ond cobblee

[a]

pect with commonly o thick peat cover
EOLIAN ENVIRONMENT

DUNE DEPOSITS: Mainly fine sand, silty
fine sand

ESTUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Mall

PLEISTOCENE
GLACIAL-DRIFT DEPOSITS

GLACIOLACUSTRINE ENVIRONMENT
LAKE-DE LTAKC DEPOSITS (includee
widely scatterad sond dunes): Mainly strot~
ifind siity fine sond, fine sand, slit, and
cloyey silt depasited In nearshore loke
waters and where mojor meltwoter
streaoms entered temporary giocial lokes;

t devel-

leas
opmaent that map-unit L
LACUSTRINE DEPOSITS: Mainly stratified
and mossive silt, silty cloy .c layay silt,ond
minor fine sand deposited indeeper offshore
waters ; this mop-unit L mes overlies
mop-unit D; extersive thermokarst devel-
opmant in poorty droined , ponded water trecs
LACUSTRINE VENEER OVER MORAINE
DEPOSITS: Mainly siit, cloyey siit,and silty
cloy over till
GLACIOFLUVIAL ENVIRONMENT
HIGH TERRACE DEPOSITS: Moinly sand
with sorme grove ily beds ; mostly withosilt
ond surficial pect cover up to IS fest thick
tocally
ITWASH PLAIN,OUTWASH DELTA ,
VALLEY TRAIN DEPOSITS-- LOCALLY
CHANNELLED AND KETTLED: Mainly
strotifiad tine to coorse sond, grovelly sand,
rove!;minor cobbles and siit
ICE-CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME DELTAS
OEPOSITS: Malnly sand ond grovel cored

]

ridges ond mounds ; with minor eitt, tilt, and
boulders occurring os inclusions ond over—
burden

GLACIAL ENVIRONMENT

VENEERED BEDROCK - DOMINATED
RELIEF :Malinly o thin,but variobie ond
lacolly thick,cover of drift ichietly tiil

=]

HUMMOCKY MORAINE DEPOSITS (includes ] Maltwaoter ond spiliway channels
a thin cover of fine-groined woterloid ond
11 as fine
diments benecth partly peat- AS Abondoned strandlines ; Includes minar
rosed beaches

GROUND_ MORAINE DEPOSITS, GENERALLY
SHOWING STREAMLINED FORMS includes
thin covar of sity to sondy siopewash depoaits ol Karstic topography ; sinkholes in soluble
lacaily ): Malnly clay-rich till aver shale strotc, O rocks(gypsum ,onhydrite dolomite ,

sandy tii| over

timestone }

lce— flow featuras; inctudes glacial
grooves, glacial fiuting, drumiinaid
ridges , streamiined hils and ridges ,

s

A FH

Rock gladere, 1alus ,ond thick colluvium
on steep slopes

GROUND MORAINE DEPOSITS WITH DEEFER
NOY /
BEVELLED TILL DEPOSITS (includes
of sond oand grovel,waterlald eilt ond clay,
Springs
Malnly expo: ond badrock with o

tone strata and siity il
over racks: pel on gentie
sicpes and in undrolned hollows;seme V beiow SO0’
SILTY TO SANDY SLOPEWASH OVERLAY(Clossic
orecs are the siopes of the Ebbutt and Martin Hills
and the Horn Plotecu }:Mainly sl and sand over tiit
pockats of fine wateriaid material and peat): ¢
Mostly o log cancentrate of boukders ond
cobbles witn frequent potches and pockets
ond peat s
BEDROCK —DOMINATED TERRAIN
WIDE LY EXPOSED BEDROCK TERRAIN: NOTE : The some legend s shown an ali map
thin, discontinucus veneer of drift ; aften
noving rugaed topogrophy ; includes vary
rugged eroded topogrophy

sheets ; but rarely are all mop-unita
used ond shawn on soch indhidual sheat

Map 2/
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FBOM FORT SIMPSON TO FORT Mc. PHERSON ,NWT

RECENT
NONGLACIAL DEPOSITS
PEATLAND ENVIRONMENT
ORGANIC DEPQCSITS: Moinly pect ,some
O e aIT ! oot
FLUVIAL ENVIRONMENT

FLOCDPLAIN DEPOSITS: Mainty exposed
Qravel and sand, with thin tapstratum of
silt and fine sond on the wooded inactive
portions of floodploins ; the Mockenzie
River modern floodplain and up to Smites
in the lower reaches of fiot—grodient
tributary rivers consist mainly of strotified
silt ond fine sand ,with minar clay,gravel,
and stones

ALLUVIAL FAN AND CONE DEPOSITS:
Moiniy poorly sarted silty gravel and sand;
lesser silt cloy ond cobbles

L]
7]

GLACIOFLUVIAL ENVIRONMENT

ESTUARINE DELTAIC AND FLOODPLAIN
DEPOSITS: Mainly complexly intergroding
o

E ond_interfingering eiit, cloy, fine sand .ofd
Pect with commonly o thick peat cover

EOLIAN ENVIRONMENT

lI] DUNE DEPOSITS: Molnty fine sand, silty E

]

fine sond

PLEISTOCENE
GLACIAL-DRIFT DEPOSITS
GLACIOLACUSTRINE ENVIRONMENT

ridges ond mounds ; with minor siit , ti11, and
bouldsers occurring as incluslons and aver—
burden
GLACIAL ENVIRONMENT
HUMMOCKY MORAINE DEPOSITS (includes
o thin cover ot fine—groined watertold ond
windloid depasits locaily os well as fine ponded
ond slopewash sediments beneath portly pect
filled deep depressions ): Mainly fill
GROUND MORAINE DEPOSITS. GENERALLY
SHOWING STREAMLINED FORMS (Includes
thin cover af siity 1o sondy siopewas h deposits
lacally ): Mainly clay- rich fill over shole strata,
sondy til | over sondstone strata,ond silty til
over carbonate rocks ; peot de
siopes ond In undroined
GROUND MORAINE DEPOSITS WITH DEEPER
SLTY TO SANDY SLOPEWASH OVERLAY (Clossic
Oreas are the stopes of the Ebbutt and Mortin Hilis
and the Horn Ploteau):Moinly sit and sand over till

LAKE-DELTAIC DEPOSITS (includes

widely scottersd sand dune:

itied siity fins sond, tine sond, slit,

ited in necrshore loke

e mojor meltwater

temporary glociol lokes:,

tensive thar makorst deval-

opment thot mop-unit L

LACUSTRINE DEPOSITS: Malnly strotified

and massive silt  sitty clay .cloyey silt,and

minor fine sand depasited in deeper offshare

i this mop-unit L sometimas overlies
op D; devel-

opmaent in poorly dralned, ponded woter orecs

LACUSTRINE VENEER OVER MORAINE

OEPOSITS: Moinly silt, clayey silt,ond silty

cloy over till

waters

HIGH TERRACE DEPOSITS: Moinly sand
with sorne grove ily bads ; mastly withasir
ond surficil peat cover up ta IS feat thick
tocolly

BEVELLED TiLL DEPOSITS (Includes
pockats of fine waterioid materiol ond peot):
Mostly o 10g cancentrote of boulders and
cobbles with frequent potches ond packets
of sond ond grove!,waterloid siit ond clay,
arnd peot
BEDROCK —DOMINATED TERRAIN
WIDELY EXPOSED BEDROCK TERRAIN:
- Mainly exposed bedrock ond bedrock with o
thin, discontinucus veneer of drift; often
hoving rugged topagrophy ; Includea very
rugged ercded topogrophy

|
O]
L]
(]

OUTWASH PLAIN,OUTWASH DELTA,
VALLEY TRAIN DEPOSITS--LOCALLY
CHANNELLED AND KETTLED: Moinly
stratifiad tine to coarse sand, gravelly sand,
groveliminor cabbles ond silt
ICE-CONTACT FEATURES INCLUDING
ESKERS,CREVASSE FILLINGS, KAMES,
KAME TERRACES ,KAME DELTAS
DEPOSITS: Mainly sond and gravel cored

[®]

VENEERED BEDRGQCK - DOMINATED
RELIEF :Mainly o thin, but varioble an
facally thick,cover of drift ;chiefly till

[ ] Meltwoter ond spiliway chonnels
AS  Abondaned strondiines ; includes minor
romed beoches
oK Korstic topogrophy ; sinkholes in sciuble
O rocks(gypsum ,onhydrite ,dolomite ,

limestone )

pon its on gantle N
holiows jaeme V below 800

Ice~tiow fectures; includes glacial

Qroo Qlaciol fluting ,drumlinoid
ridges , streamiined hits ond ridges ,
dr - il hills
c Raock gladers , tolus ,ond thick colluvium
on steep siopes
S Springs

NOTE: The some legend is shown an ail mop
sheets ; but rorely ore atl mop-units
used ond shown on sach Individual sheet

Mop22
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LEGEND OF SURFICIAL DEPOSITS ALONG MACKENZIE RIVER VALLEY FROM FORT SIMPSON TO FORT Mc PHERSON JNWT

RECENT
NONGL ACIAL DEPOSITS
PEATLAND ENVIRONMENT
ORGANIC DEPOSITS: Mainly peat ,some
muck } fenybogs, marshes,ond swamps

FLUVIAL ENVIRONMENT

FLOODPLAIN DEPOSITS: Malnly sxposad

gravel and sand , with thin tapstratum ot

i1t ond fine sand on the waoded Inactive
portions of floocdpiaine ; the Mockenzie
River modern ficodplain and up ta Smiles
in the lower reaches of flat—grodient
telbutary rivers consist mainty of strotitied
i)t and tine sand ,with minor cloy ,gravel,
and stones

ALLUVIAL FAN AND CONE DEPOSITS:
Molinly poorly sorted silty grovel ond sond;
lesser silt,cloy ond cobbles

ESTUARINE OELTAIC AND FLOODPLAIN
CEPOSITS: Mainly complexiy Intergrading

EI ond Interfingering silt, cloy, fine sand ,ond
peat with cammonly @ thick peat cover

EOLIAN ENVIRONMENT

DUNE DEPOSITS: Mainly fine sand, silty
fine sond

PLEISTOCENE
GLACIAL-DRIFT DEPOSITS

GLACIOLACUSTRINE ENVIRONMENT
LAKE-DELTAKC DEPOSITS (Includes
widely scottered sand dunes): Mainly strot-
itied slity fine sand, tine sand, siit, and
cloyey siit depasited in nearshore ioke

ond w maojor meltwater
strecms entered temporary glocial lakes:
somawhat less extensive thermokorst devel-
opmant thot map-unit
LACUSTRINE OEPOSITS: Malnly stratified
ond massive silt,sitty clay .c layey silt,ond
sond deposited In deeper oftshare

i this mop-unit L sometimes overlies

nit O; extenalve thermokarst devel-

Gpment in paory droined. ponde
LACUSTRINE VENEER OVER MORAINE
DEPOSITS: Mainly silt, cloyey silt,and silty
cloy over tlil

GLACIOFLUVIAL ENVIRONMENT

HIGH TERRACE DEPOSITS: Moinly son

with some grovs ity beds ; mostly withoailt

ond ‘urflelu! peat cover up 10 19 feet thick
locall

ou TW SH PLAIN,OUTWASH DELTA,

VALLEY TRAIN DEPOSITS -~ LOCALLY
NELLED AND KETTLEO: Mainty

Srratifeg Fine to Coorse sq nd , grovelly sand,

grovel,minor cobbles ond silt

|ce CONTACT FEATURES INCLUDING

ESKERS,CREVASSE FILLINGS, KAMES,

KAME TERRACES ,KAME OELTAS

OEPOSITS: Mainly sand ond .grovel cored

i

d water orecs

[o]%
]

rigges and mounds ; with minor sit , tit1, and
boulders occurring as inclusions and aver—
t burden

GLACIAL ENVIRONMENT
HUMMOCKY MORAINE DEPOSI

VENEERED BEOROCK -~ DOMINATED
RELIEF :Mainly @ thin, but variable an
lacally thick,caver of drift ;chiefly tii

TS
Qi cover of fine.orained woteriald Bnd
windloid deposits locally os well os fine ponded
wosh sediments beneath partly pect
umly i

OUN RAINE ITS, GENERALLY
SHOWING STREAML|NED FOHMS (includes
thin cover of skty 1o sondy siapewan h depoatts
locally ): Malnly cloy- riah il over shale stroto,

tone strota,ond -my nu

paot dencaits

GROUND MORAINE DEPOSITS WITH DEE|

SILTY TO SANDY SLOP OVERLAY(Clasalc

Greos ore the siapes of 'h- Ebeun and Martin Hills

the Horn Platecu):Malnly sii ond sond aver Il
VELLED TILL DEPOSITS (Includes

puch.-u of fine wateriold moteriol ond peat):

EBQHH

th fraquent potches and pockets
md grovel, waterlaid siit and clay,
ond pea -
a:nnocx-oomw\-r TERRAIN

WIDELY EXPOSED BEDROCK TERRAIN:
Molinly exposed bedrock and bedrock with o
thin, discontinucus veneer of drift; often
hoving rugged topagraphy ; includes very
rugged eroded

ond spillway channeis

Abondaned strandlines; includes minar
romed beoches

Karstic topography ; sinkholes in soiuble
racks (gypsum ,onhydrite ,dolomite ,
iimestone )

K
°o

ROllows ;2 0me $Vhucw a0’

ice— tiow fsatures; includes glaciol
groaves, glaclal tluting ,drumiinaid
ridges, streamiined hils ond ridges ,

o il

4

c Rock gtadiere , talus ,and thick calluvium
on steep siopes

S Springs

NOTE : The same legend is shown on all map
sheets; but rarely ore all mop-units
used ond shown on each individuol aheat

Map 23
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GENERALIZED HYDROGEOLOGY MAP OF SURFICIAL DEPOSITS s ° s P ™ 20 Mites h +
SHOWING GROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY R ro——"
FORT SIMPSON TO FORT Mc¢PHERSON, NORTHWEST TERRITORIES [] Q 3 [} [ g 3 ~ 30 Kimmstres kS
P At o ory et st o e e dponics contatning rino gLty ad sile dnteteds DISTURBED A FRACTURED YOUAASIR SASTONE 0 onovs cosouTe
with granular strata but having no surface expression) AC PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS . ROCKS AND IN THICE UMCEMINTED TERTIARY SAND AND GRAVEL (SEE, ALSO,
E DHAY YIELD UP TO 5 IGPM OF POOR TO FAIR QUALITY WATER; BETTER PROS- THE ACCOMPANYING GIWERALIZID BEDROCK HVDROGEOLOGY MAP) Highly var-
[y Y PECTS (COMMONLY MAP-UNITS A AND I) OCCUR IN LOCALITIES THAT BORDER ieble ground-water source, both from the stasdpeints of water qua-
| UATER, ARE FREQUENTLY FLOODED, OR ARE SITUATED ON SOUTH-FACING EXPO- lity and quantity, Potentially suitehle fer dessstic supplies,
Symbol Explanation SYRES Camerally poor to locally fair water supplies for domestic villages and some industries in certaim laocalities.
use. Dutailed airphoto study coupled with thorough field geological . Rk ’

F PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS reconnatanance {s needed md’;snpnim preferred ce’:r.hole—exglomtion § SPRINGS YIELDING LAREE (N AN gF RIGHLY “mﬂgu QUA'{“ S‘“‘L’““

., MAY YIELD UP T0 50 TO 100 IGPM AND LOCALLY, ¥ THICKER MORE PERME- eites. Expect limited ground-water recharge. GCround water will like- WATER Generally springs oceur in u-lllsnd aress along vﬁ ey banks
ABLE AQUIFERS, 100 TO 500 IGPM OF GOOf GEALITY WATER Potentially 1y require some treatment, such as revoval of Lron and manganese. ::ere perneable :uu -=ro materials overlie mne;mi; e :t:;a-
gopd water supplies for tourist and cemstrwsiion camps, villages The more pronmising well sites are commonly réstricted to places on e springs.may be artes an or water-table, W!“; ally suttzble

 and towns, and industries -- especially those thick coarse aquifers actlve &istributaries and abandoned channels on larger alluvial and «- for touns, industries, and construction campsites depending on wat-
in major river valleys tributary to the Mackenzie River. Consists ' colluvial fans marked A and C, the margins of larger ponds and creek- er quality.
mainly of alluvial sand and gravel below the active and weoded (in- beds in areas marked E and D, and south-facing slopes on higher larg- *‘c INDIVIDUAL WELLS IN ORGANIC (PEAT) DEPOSITS ARE EXPECTED TO YLELD
active) [loodplains and below coarse sandy and gravelly point-bar er wooded ridges marked W and I in regional lowland areas racaiving LESS THAN 1 IGPM OF POOR QUALITY WATER Generally poor water supplies
deponits oo steeper-gradient sections of larger meandering rivers. recharge. for all users because of the typical tea colour of the water, poten—
Conaiderable test drilling may be required to locate large aquifers tially high manganese and irvm comtests snd common boggy taste and
in the lower reaches of tributaries and in the Mackenzie River flood L,V INDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 IGPMOF POOR odour. Includes fens, bogs, marshes, sed swamps. Generally pattern-
plain, Chief well installation problems are flooding and excessive H'@QUALITY VATER Generally peor growsd-water sources for all pros- ed fens are unfrozen in vicimity of Fort Simpson whereas osly the
lateral and vertical river erosion. Rivers with headwaters in the v ¥ pective water users becamss of low permeability, low recharge small, roundish, treeless collspss scars [n peat plateaus ars unfro-
Mackenzie Mountaina ere extremely flashy and floods can be highly yJ possibilities, and a high parmafrost table. Recharge is limited zen.
destructive. M,AS ;:P::’;":ls::if‘::’é::s!::::::“pou:":i‘;:’iyigi';"::';i‘;:; ::: o s Lake PROPER INTAKES INTO LARGE LAKES MAY YIELD UP TO 100 IGPM OF GOOD QUA-

T PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS contents.  Consists mainly of Fine-grained. lo- ormeabilite lece LITY WATER; DEPTH OF WATER (PREFERARLY OVER 10 FEIT) AND SIZE OF LAKE

'" MAY YIELD UP TO 25 ICPM OF GOOD QUALITY WATER WHERE THESE GRANULAR strine and t{11 deposits, the latt e [ai ’:‘H Pi d Y doml ARE IMPOPTANT CONSIDERATIONS, THE LARGIR AND DEEFLR LAKES BEING BET-
SEDIMINTS AXE UMPROZEN AND CONTINUALLY RECHARGED; BETTER FROSPECTS ocourrisk Fantailions of oad b s e le Dinor ad Imdonly TER Consists of larger and deepar permasent lakes in Mackenzie River
OCCUR 30UTH OF NORMAN WELLS, ESPECIALLY THICKER LOW-LYING SECTIONS ubooile e oLy fromes ok :’s E;’“‘m y, gravel. Expect Valley upland, such as Tate and Stewart Lsies. Potentially fair to
OF SAND AND GRAVEL COVERED BY JACKFINE, WHITE SPRUCE, BALSAM POPLAR, h Y frozeh(pammuigost). g00d water supplies for villages, industries, and construction camps.
AND TALL WILLOWS Potentially fsir to good possibilities for tourist |g R | YIELDS Ykisf PROFIRLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL Treatment for iron, manganese, and organic matter may be necessary.
camps, domestic use (washing, drinking) at construction camps, and 7V WATER WILLS ANE EXPECTED TO VAXT FRCM LESS THAN 1 IGPM IN THICK Because of potentially thick ice cover on smaller shallow lakes, the
small native settlements. Consists mainly of sandy outwash and ter- SHALE SEQUENCES TO POSSIBLY 7% IGPM AT SELECT LOCATIONS IN HIGHLY availability of this water source msy vary seasonally. Map /




(Note:

Symbol

FORT SIMPSON

RECONNAISSANCE SURF|C‘AI_ HYDROGEOLOGY MAP

GENERALIZED HYDROGEOLOGY MAP OF SURFICIAL DEPOSTTS
SHOWING GROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY
FORT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORIES

Estimates of yleld are probable, not absolute, maximum figures,
which also exclude possible buried bedrock valleys partly filled
with granular strata but having no surface expression)

LEGEND
Explanation

F PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER Wills
MAY YIELD UP TO 50 TO 100 IGPM AND LOCALLY, IN THICKER MORE Fiii-
ABLE AQUIFERS, 100 TO 500 IGPM OF GOOD QUALITY WATER Potentiall
good water supplies for tourist amd cemstruction camps, villages
and towns, and industries -- especially those thick coarse mgulfers
in major river valleys tributary ©a he Mackenzie River. Cosslsts
mainly of alluvial sand and gravel balow the active and wooded (in-
active) floodplains and below coarse sandy and gravelly point-bar
deposits on steeper-gradient sectlsss of larger meandering rivers.
Considerable test drilling may be required to locate large squifers
in the lower reaches of tributsries and in the Mackenzie River flood
plain. Chief well installation problems are flooding amd excessive
lateral and vertical river erosion. -Rivers with headwatars in the
Mackenzie Mountains are extremely flashy and floods can be highly
destructive,

0T PROPERLY LOCATED, B OFED AND CONSTRUCTES INDIVIDUAL SATER WELLS
?" MAY YIELD UP TO 25 IGFM OF GOOD QUALITY WATER WHERE THEST CRANULAR
SEDIMENTS ARE UNFROZEN AND CONTINUALLY RECHARGED; BETTER PROSPECTS
OCCUR SOUTH OF NORMAN WELLS, ESPECIALLY THICKER LOW-LYING SECTIONS
OF SAND AND GRAVEL COVERED BY JACKPINE, WHITE SPRUCE, BalSad POPLAR,
AND TALL WILLOWS Potentially fair to good possibilities for tourist
_ camps, domestic use (washing, drinking) at construction camps, and
small native settlements. Consists maihly of sandy outwash and ter-

A,C
E,D

-1y require some treatment, such as removal of iron and mangases

LV

N
mAs

race deposits containing minor gravelly and silt interbeds.

PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YTELD UP TO 5 IGPM OF POOR TO FAIR QUALITY WATER; BETTEM PROS-
PECTS (COMMOMLY MAP-UNITS A AND I) OCCUR IN LOCALITIES TMAT BORDER
WATER, AND FXEQUENTLY FLOODED, OR ARE SITUATED ON SOUTM-YACING EXPO-
SURES Cesarslly poor to locally falr water supplies for demestic
use. Dmtailed sirphoto study coupled with thorough field geological
recomms{ssmmce Ls needed to pinpoint preferred testhole-exploration
sit Lxpect limited ground-water recharge. Ground water will like-

The more promising well sites are commonly restricted to places &
active distributaries and abmsdoned channels on larger alluvial and
colluvial fans marked A and C, the margins of larger ponds and creek—
beds in areas marked E and D, and south-facing slopes on higher larg-
er wooded ridges marked W and I in reglonal lowland areas receiving
recharge.

INDIVIDUAL WELLS ARE EXFECTED TO YIELD LESS THAN 1 IGPM OF POOR
QUALITY WATER Generally pesr ground-uater Sources for all pros-
pective water users becmuse of Low permeability, low rechargs
possibilities, and a high permafrost table. Recharge is limited
to larger thermokarst festwres — mainly in map-units L and H.
Expect sulphate waters bawisg potentially high iron and manganese
contents, Cemafats mainly of fine-grained, low-permeability lacu-
strise md r1ll deposits, the latter containing minor and randomly
occurriag imclusions of sem d, less commonly, gravel. Expect
subsells to ba widely frozem (permafrost).

B,R X YIELDS FROM PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL

WATER WELLS ARE EXPECTED TO VARY FROM LESS THAN 1 IGPM IN THICK
SHALE SEQUENCES TO POSSIBLY 250 IGPM AT SELECT LOCATIONS I WICHLY

w

.
'DISTURBED AND FRACTURED NON-MARTME SAMDSTONE AND POROUS CARBONATE

ROCKS AND IN THICEK
THE ACCOMPANYING CE

UNCOMENTED TERTTARY SAND AND GRAVEL (S£E, ALS
IXALIZED BXDROCK NYDROGTOLOGY MAP) Highly var—
iable ground-watar source, both from the stasdpoints of water qua-
lity and quantity. Potentially switable for domestic supplies,
villages and some industries in certaim lecalities.

SPRINGS YIELDING LARGE QUANTITIES OF HIGHLY VARIABLE QUALITY GROUND
WATER Generally springs occur in lowland areas along valley banks
where permeable soil or rock materials overlie imprmesble strata.
The springs may be artesian or water-teble. Potentislly sultable
for towns, industries, and construction campsites depending om wat-
er quality.

INDIVIDUAL WEllS IN ORGANIC (PEAT) DEPOSITS ARE EXPELCTED TO YILLD
LESS THAN 1 IGFM OF POOR QUALITY WATER Generally poor water supplies
for all usars because of the typical Lea colour of the water, poten=
tially high masganese and iron contests aad common boggy taste and
odour, Includes fens, bogs, marshes, msd swamps. Genmerally pattern-—
ed fens are unfrozen in vicinity of Tert Simpson wheress only the
small, roundish, treeless collapse scars in peat plateswss are unfro-
zen.

Lake PROPER INTAKES INTO LARGE LAKES MAY YIELD UP TO 100 IGPH.OF GOOD QUA-

TY WATER; DEPTH OF WATER (PREFTRABLY OVER 10 FEET) AND SIZL OF LAKE
ARE TMPORTANT CONSIDERATIONS, THE LASGER AND DEEPER LAXLS BETNG BET-
TER Consists of larger and deeper permanent lakes in Mackeaile River
Valley upland, such as Tate and Stewart Lakes. Potentfally fair to
geod vater supplies for villagea, industries, and construction camps.
Treatsent for iron, mangsnese, and organic matter may be necessary.
Becasse of potentially thick ice cover on smaller shallow lakes, the
avallabtlity of this water source may vary seasonally.

A y vary y Map 2
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GENERALIZED HYDROGEOLOGY MAP OF SURFICIAL DEPOSITS
SHOWING GROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY
FOKT SIMFSON TO FORT McPHERSON, NORTMWZST TERRITCAIES

st imates of yleld are probable, not sbsolute, meximus figures,
which slse exclwle possible buried bedrock wallays partly filled
with granuler strata but having no surfsce expressica)

LEGEND
Explanation

F PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YIELD UP TO 50 TO 100 IGPM AND LOCALLY, IN TMICKER MORE PERME-
ABLE AQUIFERS, 100 T2 %% IGPM OF GOOD QUALITY WATEE Potentially
good water aupplies fer tewrist and constructios camps, villages
and towns, and industries — especially those thick coarse aquifers
1in major river vallays tributary to the Mackenzis River. Consists
mainly of alluvial wesd ssd gravel below the active and wooded (in-
active) floodplains med below coarse sandy and gravelly point-bar
deposits on steeper-gradlent sections of larger meandering rivers.
Considerable test drilling may be required to locate large aquifers
in the lower reaches of tridbutaries and in the Mackenzie River flood
plain, Chief well installation problems are flawdimg and excessive
lateral and vertical river erosion. Rivers with headwaters in the
Mackenzie Mountains are extremely flashy and floods can be highly
destructive.

T PROPERLY LOCATED, DEVELOFED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YIELD UP TO 2% 1GP 07 GOOD QUALITY WATER WHERE THENE GRANULAR
SEDIMENTS ARE UNFROLI AND CONTINUALLY RECHARGED; BETTER PROSPECTS
OCCUR SOUTH OF WORMa¥ WILLS, ESPECIALLY THICKER LOW-LYING SECTIONS
OF SAND AND GRAVEL COVERED BY JACKPINE, WHITE SPRUCE, BALSAM POPLAR,
AND TALL WILLOWS Potentially fair to good posaibilities for tourist
camps, domestic use (washing, drinking) at censtruction camps, and
small native settlements. Consists mainly of sandy outwash and ter-

race deposits containing minor gravelly and silt interbeds.
A CPROPERL‘I LOCATED, DEVELOFED AND CONSTRUCTED INDIVIDUAL WATER WELLS
E'D‘u" YIXLZ UP TO 5 IGPM OF POOR TO FAIR QUALITY WATER; BETTIR Fhof-

)W PECTS (COMMONLY MAP-UNITS A AND 1) OCCUR IN LOCALITIES THAT BORDIR

W WATER, ARE FREQUENTLY FLOODED, OR ARE SITEATED O SOUTH-FACING FXPO-

SURIS Ganerally poor to locally falr watar supplics for domestic

wsa. Detailed airphoto study coupled with thorough field geolegical

recmmaiasance is needed to pinpoint preferred testhole-exploration
sites, [Ewpect limited ground-water recharge.
ly require sese treatment, Such es removal of iron and manganese.

The more promising well sites are commemly restricted to places on
active distributaries and abandoned chasmels om larger alluvial aad

colluvial fans merked A and C, the margies of larger ponds amd creek—
beds in areas maried £ and D, and sewth-facing slopes on higher larg-

er wooded ridges marked W and I in regional lowland areas recsiviag
recharge. =

L,V INDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 IGPH OF POOR
H'GQUALITY WATER Generally poor ground-water sources for all pros-
1 pective water users because of low permeability, low rechargs
N,J possivilities, and a high permafrost table. Recharge is limited

H,AS to larger thermokarst features —- mainly in map-units L and H.

Expect sulphate waters having potentially high iron and manganese
contests. Consists mainly of fine-grained, low-permeability lacu-
strira and till depeaits, tha latler coataining minor and randomly
occurring inclusions &f sand snd, less commonly, gravel. Expect
subscolls tosbe widely [reses (parmafroat).

B’R | YIELDS FROM PROPERLY LOCATED, DEVELOFED AND CONSTRUCTED INDIVIDUAL

" WATER WELLS ARE EXPECTED TO VARY FROM LESS THAN 1 IGPM IN THICK
SHALE SEQUENCES TO POSSIBLY 250 IGPM AT SELECT LOCATIONS IN HIGHLY

Cround water will like-

“DISTURBED AND TRACTURED EON-MARTNI SANDSTONE AND POROUL CARBONATE

ROCKS AND IN THICK UNCEMENTED TERTIARY SAND AND GRAYEL (SLX, ALSO,
THE ACCOMPANYING GEXERALIZED BEDROCK HYDROCEDOLOGY MAP) MNighly var—
fable growmd-woler source, both from ths stasdpolsts of waler qua-
lity and quastity. Potentially suitable for desestic supplles,
villages med some (sdustries in certain localities.

SPRINGS TIELDING LARGE QUANTITIES OF HIGHLY VARIABLE QUALITY GROUND
WATER Gesarally springs occur im lewlsnd arcas along valley bambs
where permeable sofl or rock materisls sverlis [mparmesdle strata.
The sprisge may b« artesian or watsr-tsble. Potentially suitable
for towns, Indwstries, and comsfrwctlen campsites depending on wat-
er quality.

INDIVIDWAL WELLS [¥ ORGANIC (PEAT) DAFOSITS ARE EXFECTED TO YIELD
LESS THAS 1 IG¥% OF POOR QUALITY WATEX Gamerally peor water supplies
for all wiers because of the typlcal taw colour of the water, poten-
tially high manganese and iron contents and common boggy taste and
odour. TIncludes fens, bogs, marshes, and swamps. Generelly pattern-
ed fens are unfrozen in vicinity of Fort Simpson wheress only the
emall, roundish, treeless collapse scxrs in peat platesws are unfro-
zen,

Lake PROPER INTAKES INTO LARGE LAKES Ma¥ YIELD UP TO 100 1&rm OF GOOD QUA-

LITY WATER; DEPTH OF WATER (PELVENABLY OVER 10 FELT) %D S1ZE OF LAKE
ARE IMPOPTANT CONSIDERATIONS, THE LARGER AND DEEPER LAKES BE{NG BET-
TER Consisis of larger and deeper permarient lakes in Mackemrie River
Valley upland, such as Tate and Stewart Lakes. Potentially fair to
good water supplies for villages, industries, and constructies camps.
Treatment for iron, manganese, and orgenic matter may be neewisary.
Because of potentially thick ice cover on smaller shallow lskes, the
availability of this water source may vary seasonally.

Map 3
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GENERALIZED HYDROGEOLOGY MAF OF SURfICIAL DEPOSITS 5

R ECONNA ISSANCE SURFICIAL HYDROGEOLOGY MAP

SHOWING GROUND-WATER PROBABILITY ALOWC MACKENZIE RIVER VALLEY, - P
FORT SIMPSON T0 FORT McPMIRSON, MOXTWWIST TERRITORIES — °
[ [ [] 0 M
(Note! [Kstimates of yield are probable, not absolule, mexiswm [igures, ace depo: ravelly and silt interbeds. -
hich alao exelude possible buried bedrock valleys parily (111ed b posits contatning minor g 7 DISTURMED A3 FRACTURED ON-SANINI SANDSTONE AND POROUS CARBONATE
with granular strata but having no surface expresslom) A'c PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS ROCKS AND IN TMICK l":ﬂ!lf!.'; T!—ITIARY SAND AN'D GRAVEL (ﬁ, ALSO,
E DHAY YIELD V¥ TO % IGPM OF POOR TO FAIR QUALITY WATER; BETTER PROS- THE ACCOMPANYING CIWERALIZID BEDNOCK HYDROGEOLOGY MAF) Mighly var-
LEGEND 1 PECTS (COMMIMLY MAP-UNITS A AND I) OCCUR IN LOCALITIES THAT BORDER 1able growsd-waler seurce, bath from the stanépaists of water qua-
4 WATER, ARE TRIQUINTLY FLOODED, OR ARE SITUATED ON SOUTH-FACING EXPO- lity asd quantity. Potemtlally suitable for demestic swpplies,
Symbdl Explanation SURES Geserally poor to locally fair water swpplies for domestic Villspes and some industriss is certain localltles.
. f=tatled atrphoto study coupled with thorough fleld geolsgical
F PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WAFER WELLS ::a,.,'::,:mcg fo hecded to zinpaint prafered !,:“hnle_ex:m,:mn § SPRINGS YIELDING LARGL QRANTITIES OF HIGHLY VARTABLL QEALITY GROUND
MAY YIELD UP 70 SO T0 100 IGPM AND LOCALLY, IN TRICKER MORL Prm- siten. xpect limited groundwater rechargs. Creund water will like- WATER Cemerally springs occur in lovland sress aleag valley basks

ABLE AQUIFERS, 100 T0 500 IGPH OF GIO© QUALITY WATER Potestislly
good water supplies for tourist and cemstruction camps, villages
and towns, and Isdwstries —— especislly those thick coarss sgwifers
in major river vallays tributary Lo the Mackenzie River. Comaists
mainly of alluvial sand and gravel balaw the active and wooded (in-
active) floodplains and below coarse sandy and gravelly point-bar
deposits on steeper-gradient sections of larger meanderisg rivers.
Considerable test drilling may be required te locate large squifers
in the lower reaches of tributaries and in the Msckenrle River flesd
plain. Chief well installatisom probless are [loeding snd sxcessive
lateral and vertical river eresfism. Rivers with hesdvalers ia the
Mackeszis Mountains are extremely flashy and floods cam ba Mighly
destrective.

1] J PROPERLY LOCATED, DEVELOFED AND COMSTRUCIED TNEIVILUAL WATIR WELLS

*" MAY YIELD UP TO 25 1G¥M OF OOOB QUALITY WATER WNENE THESE CRANULAR
SEDIMENTS ARE UNFRGILN AMD CONTINUALLY KECHARGED; BETTIR FROSPECTS
OCCUR SOUTH OF NORMAN Will%, ESFLCIALLY FHICKER LOW-LYINC SECTIONS
OF SAND AND CRAVEL COVERED BY JACKFINZ, WHITE SPRUCE, BALSAM POPLAR,
AND TALL WILLOWE Fotentially falr te geod possibilities for tourist
camps, dosestic wse (washing, 4ripkimy) at construction camps, and
small native setilements. Comalsts saisly of sandy outwash and ter-

LV
H.G
N,J

m,As

1y requlre some treatment, such as remswsl of iron and manganese.
The more promising well sites are commemiy restricted to places on
active distributaries and abandoned chamssls on larger alluvial and
colluvial fans marked A and C, the margins of larger pemds and creek-
beds in areas marked E and D, and south-[acimg slopes om Migher larg-
er wooded ridges marked W and I in reglesmal lowland aress receiving
recharge.

INDIVIDUAL WELLS ARE EXPICTED TO YIELD LESS TMAN 1 IGPM OF POOR
QUALITY WATER Gamarally poor ground-water sewrces for all pros—
peclive water users becauss of low permeability, low recharge
poanibilities, and a high permafrost table. Recharge is limited
to larger thermoisrst features -- mainly in map-units L and H.
Expect swlphate waters havisg pewsntisily high iron and manganese
contemts. Comaints malsly of f{se-graised, low-permeability lacu-
striss and U111 daposilts, the latter comtaining siner asd randomly
occurrisg inclusions of sand and, lews commomly, gravel. Expect
subtoqls ta ba widely (rorem (permalrest).

YIELDS FROM FROFIRLY LOCATED, DEVELOFLD AND COMSTRUCTED INDIVIDUAL
WATER WTLLS ARL IXFECTED TO VAKY FROM LESS THAN 1| ICPM IN THICK
SHALL SEQUINCES TO POSSIDLY 7350 IGFM AT SELECT LOCATIONS IN HIGHLY

where permesble sall or reck materials overlie ispersesble atrat
The sprimgs may be artesias or watar-table. Potentlally sultabl
for towma, industries, asd comstruectlon campsites depesdiag om
er guality.

at-

INDIVIDUAL WELLS IN ODRCANIC (PEAT) CEPOSITS ARE EXPECTED TO YIELD
LESS Tin L IGPM OF POOR QUALITY WATYR Generally poor water supplies
for all wiers becasss of the typical tea colour of the water, poten-
tialiy high mangsnese and iron contents and cesmos bogir taste and
odour. Includes fema, boga, warshes, asd swasps. Gesarally pattern—
ed fwms are unfrofes 18 vicisity of Tort Simpsea shereas only the
small, reundish, trealess collap s in peat platesss are unfro-
zen.

Lake PROPER INTAKES INTO LARGEL LaXrs MAY YIELD UP TO 100 IGPM OF GOOD QUA-

LITY WATER; DEFPTH OF WATER (PRETIRABLY OVER 10 FEET) AND STZE OF LAKE
ARE IMPORTANT CONWSIDERATIONS, TME LARGER AND DEEFER LAX c
TIR Cossists of larger amd ds¢per prrmanent lakes (a Mac
Valley wplamd, such as Tate and Stewart Lakes. Polestlally [sir to

good walar swpplies for villages, imdustries, amd comstrecties camps.
Treatment for iren, mangasest, and srganic maller may be seotssary.

Becawse of potentially thick Lcw cower on smaller sha
availability of this waler seproe may vary seasonally.
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SHOWING GROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY b
FORT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORLES

(Note: Estimates of yield are probable, not sbsolute, maximum figures,
which also exclude possible buried bedrock valleys partly filled
with granular strata but having no surface expression)

LEGEND
Symbol Explanation

f PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YIELD UF TO %1 7O 100 IGPM AND LOCALLY, IN THICKER MORE PERME-
ABLE AQUIFERS, 100 TO $0C IGPM OF GOOD QUALITY WATER Potentially
good water swpplies for tourist and construction camps, villages
and towns, esd (sdustries -- especially those thick coarse aquifers
in major river valleys tributary to the Mackenzie River. Consists
mainly of alluvial sand and gravel below the active and wooded (in-
active) floddplains and below coarse sandy and gravelly point-bar
deposits on steeper-gradient sections of larger meandering rivers.
Considersble test drilling may be required to locate large aquifers
in the lower reaches of tributaries and in the Mackenzie River flood
plain. Chief well installation problems are flooding and excessive
lateral and vertical rfver erosion. Rivers with headwaters in the
Mackenzie Mowntains are extremely flashy and floods can be highly
destructive.

0T PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
'" MAY YIELD UP TO 25 IGPM OF GOOD QUALITY WATER WMERE THESE GRANULAR
SEDIMENTS AKE LNFROZEN AND CONTINUALLY RXCMARGED; BETTER PROSPECTS
OCCUR SOUTM OF WORMAN WELLS, ESPECIALLY THIOXXR LOW-LYING SECTIONS

OF SAND A¥D CRAVEIL COVERED BY JACKPINE, WHITE SPRUCE, BALSAM POPLAR,

AND TALL WTLLOWS Potentially fair to good possibilities for tourist
camps, demestic wse (washing, drinking) at construction camps, and

small native setilements. Consists mainly of sandy outwash aad ter-—

9 3 ) 3 —t 3.

race deposits containing minor gravelly and silt interbeds.

A,C PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
E DAY YIELD UP TO 5 IGPM OF POOR TO FAIR QUALITY WATER; BETTER PROS-
V¥ PECTS (COMMONLY MAP-URITS A AND I) OCCUR IN LOCALITIES THAT BORDER
] WATER, ARE FREQUENTLY FLOODED, OR ARE SITUATED ON SOUTH-FACING EXPO-
SURES Generally poor to locally fair water supplies for domestic
use. Detatled airphoto study coupled with thorough field geological
reconnaissance is needed to pinpoint preferred testhole-exploration
sites. Expect limited ground-water recharge. Ground water will like-
ly require some treatment, such as removal of iron and manganese.
The more promising well sites are commonly restricted to places on
active distributaries and sbandoned channels on larger alluvial and
colluvial fans marked A and C, the margins of larger ponds and creek-
beds in areas marked E and D, and south-facing slopes on higher larg-
er wooded ridges marked W and I in regional lowland areas receiving
recharge.

L,V INDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 IGPM OF POOR
H/ G QUALITY VATER Generally poor ground-water sources for all pros-
¢ pective water users because of low permeability, low recharge
poseibilities, gad a high permafrost table. Recharge is limited —

M,‘S to larger théfmokarst features -- mainly in map-units L and H.

Expect sulphate waters having potentially high iron and manganese
contents. Consists mainly of fine-grained, low-permeability lacu-
strise and till deposits, the latter containing minor and randomly
occurring inclusions of sand and, less commonly, gravel. Expect
subselle to be widely frozen (permafrost).

R K YIELSS FROM PROPERLY LOCATED, *DEVELOPED AND CONSTRUCTED INDIVIDUAL

" WATER WELLS ARE EXPECTED TO VARY FROM LESS THAN 1 IGPM IN THICK
SHALE SEQUENCES TO POSSIBLY 250 IGPM AT SELECT LOCATIONS IN HIGHLY

FICIAL HYDROGEOLOGY MAP

'DISTURBED AND FRACTURED NON-MARINE SANDSTONE AND PORCUS CARBONATE
ROCKS AND IN THICK UMCEMENTED TERTIARY SAND AND GRAVEL (SEE, ALSO,
THE ACCOMPANYING GIIRALIZED BEDROCK HYDROGEOLOGY MAP) Highly var-
{able ground-water source, both from the standpoints of water qua-
1lity and quantity. Potentially suitable for domestic supplies,
villages and some industries in certain localities.

SPRINGS YIELDING LARGE QUANTITIES OF HIGHLY VARIABLE QUALITY CROUND
WATER Generally springs occur in lowland areas along valley bamks
where permeable soil or rock materials overlie impermeable atrala.
The springs may be artesian or water-table. Potentially suitable
for towns, ion campsites on wat-
er quality. K

INDIVIDUAL WELLS IN ORGANIC (PEAT) DEPOSITS ARE EXPECTED TO YIELD
LESS THAN 1 IGPM OF POOR QUALITY WATER Generally poor water supplies
for all users because of the typical tea colour of the water, poten-
tially high manganese and ircn contents and common boggy taste and
odour. Includes fens, bogs, marshes, and swamps. Generally pattern~
ed fens are unfrozen in vicinity of Fort Simpson whereas only the
small, roundish, treeless collapse scars in peat, plateaus are unfro-
zen.

Lake PROPER INTAKES INTO LARGE LAKES MAY YIELD UP TO 100 IGPM OF GOOD QUA-
LITY WATER; DEPTH OF WATER (PREFERABLY OVER 10 FEET) AND SIZE OF LAKE
ARE IMPORTANT CONSIDERATIONS, THE LARCER AND DEEPER LAXES BEING BET-
TER Consists of larger and deeper permament lakes (n Mackenzie River
Valley upland, such as Tate and Stewart Lakes. Potsmtdally fair to
good water supplies for villages, industries, end comstrsction camps.
Treatment for iron, manganese, and organic matter may be necessary.
Because of potentially thick ice cover on smaller shallow lakes, the
avatlability of this water source may vary seasonally. M 5
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RECONNAISSANCE SURFICIAL HYDROGEOLOGY MAP

GENERALIZED HYDROGEOLOCY MAF OF SURTICIAL DEPOELITS
SHOWING GROUND-WATER FROBABILITY ALOWC MAOCCNLIE KIVER VALLEY
FORT SIMPSON TO FORT McPMLRSON, MONTWWEST TERRITORIES

race deposits containing minor gravelly and silt interbeds.

A,C PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
E'BHAY YIELD UP TO 5 IGPM OF POOR TO FAIR QUALITY WATER; BETTER PROS-
]

(Note: Estimates of yield are probable, not sbsolute, maximum figures,
which also exclude possible buried bedrock valleys partly filled

"DISTURBED AND FRACTIRED NON-MARTNE SANDSTONE AND POROUS CARBONATE
with granular strata but having no surface expression)

ROCKS AND IN THICK UMCEMENTED TERTIAKT £43D AND GRAVEL (SEE, ALSO,
THE ACCOMPANYING CESEWALIILD BFOROOK WYDROGEOLOGY MAP) Highly var—

LEGEND PECTS (COMMONLY MAP-UNITS A AND I) OCCUR IN LOCALITIES THAT BORDER iable ground-water source, both from the standpoints of water qua-
| WATER, ARE FREQUENTLY FLOODED, OR ARE SITUATED (M SOUTH-FACING EXPO- lity and quantity. Potentially suitable for domestic supplies,
Syabol Explanation SURES Generally poor to locally fair water suppiies for domestic

villages and some industries in certain localities.
use. Detatled airphoto study coupled with thorough field geological

reconnaissance 18 needed to pinpoint preferred testhole-exploratics
sites. Expect limited ground-water recharge. Ground water will llke-
ly require some treatment, such as removal of iron and manganese.

The more promising well sites are commonly restricted to places on

F PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YIELD UP TO 50 TO 100 IGPM AND LOCALLY, IN THICKER MORE PERME-
ABLE AQUIFERS, 100 TO 500 IGPM OF GOOD QUALITY WATER Potentially
good water supplies for tourlst amd construction camps, villages

SPRINGS YIELDING LARCE QUANTITIES OF HIGHLY VARIABLE QUALITY GROUND
WATER Generally sprirgs occur in lowland areas along valley banks
vhere permesble sell or rock materials overlie impermeable strata.
The springs may be artesien or water-table. Potentislly suitsble

v

and towns, and industries —- espacially those thick coarse aquifers
in major river valleys tributacy to the Mackenzia River. Cossists
mainly of alluvial sand and grawel below the active ané weeded (in-
active) floodplains and below coarse sandy and gravelly peist-bar
deposita on steeper-gradient sections of larger meandering rivers.
Considerable test drilling may be required to locate large aquifers
in the lower reaches of tributaries and in the Mackenzie River flood
plain. Chief well installation problems are flooding and excesgive
lateral and vertical river erosion. Rivera with headwaters im tha
Mackenzie Mountains are extremely flashy and floods can be highly
destructive.

PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YIELD UP TO 23 [&FM OF GOOD QUALITY WATER WHERE THESE GRANULAR
SEDIMENTS ARE UMFROZEX AND CONTISLALLY RECHARGED; BETTER PROSPECTS
OCCUR SOUTH OF wiipwss WELLS, ESPLCIALLY THICKER LOW-LYING SLCTIONS
OF SAND AND CRAVEL COVERED BY JACKFINE, WHITE SFRUCK, BALSAM POPLAR,
AND TALL WILLOWS  Potestially fair to good possibilities for tourist
camps, domestic use (washing, drinking) at comsirwcilesm camps, sad
small native settlements. Consists mainly of nmmdy owlwssh snd ler—

active distributaries and sbandoned channels on larger alluvial and
colluvial fans marked A and C, tha margins of larger ponds and creek-
beds in areas marked E and D, and south-facing slopes on higher larg-
er wooded ridges marked W and I in regional lowland areas receiving
recharge.

L,V INDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 IGPM OF POOR

QUALITY WATER Generally poor ground-water sources for all pros-

N Fictive vatar wers bacose of low permability, low recharge

A

possibilities, and a high permafrost tsble. Recharge is limited

$ to larger rhermokarst features -- mainly in map-units L and H.
Expuct sulphate vaters having potentially high iron and manganess
comlests. Comsists mainly of fine-grained, low-permeability lacw-
strine and till deposits, the latter containing minor and randomly
occurring inclusions of sand and, less commonly, gravel. Expect
subsoils to be widely frozen (permafrost).

R,H,K YIELDS FROM FROPERLY LOCATED, DEVELOPER AND CONSTRUCTED INDIVIDUAL
WATER

WILLS AME EXFECTED TO VAKY FROM LESS THAN 1 IGPM IN THICK
SHALE SEQUENCES TO FOSSIBLY I30 ICPM AT £ELXCT LOCATIONS IN HIGHLY

. availebility of this water source may vary seasonally.

for towns, industries, and construction campsites depending on wat-
er quality.

ISDIVIDUAL WELLS IN ORGANIC (PEAT) DEFOSITS ARE EXPECTED TO YIELD
LI5S Twas 1 IGPM OF POOR QUALITY WATER Generally poor water supplies
for all wiers because of the typical tea colour of the water, poten-
tially high Banganese and iros cestests end common boggy taste and
odour. Includes fens, bogs, marshes, and swaps. Generally pattern~
ed fens are unfrozen in vicinity of Fort Simpson whereas only the
small, roundish, treeless collapse scars in peat plateaus are unfro-
zen.

Lake PROPER INTAKES INTO LARGE LAKES MAY YIELD UP TO 100 IGPM OF GOOD QUA-

LITY WATEX; DEFTW OF WATER (PREFERABLY OVER 10 FEET) AND SIZE OF LAKE
AKE IMPORIANT CONSLDERATIONS, THE LARGER AND DEEPER LAKLS BEING BET-
TER Consists of lsrger and deeper permanent lakes in Mackenzie River
Valley upland, such as Tate and Stevart Lakéa, Potentially fair ta

good water supplies for willages, industries, ssd constructies cempa.
Treatment for iron, mamgmwss, and organic matisr may be nectssry.

Because of potentially [hick ice cover on smaller shallow lakss, ha

Mop 2
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RECONNAISSANCE SURFICIAL HYDROGEOLOGY MAP

GENERALIZED KYDROGEOLOGY MAP OF SURFICIAL DAFUSITS
SHOWING GROUND-WATER PROBABILITY ALONG MACKLNWZLL RIVER VALLEY
FORT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORIES

(Note: Estimates of yield are probable, not absolute, maximum figures,
which also exclude possible buried bedrock valleys partly filled
with granular strata but having no surface expression)

LEGEND
Symbol Explanation
2ymbol =xplanation

F PROPEELY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MY YIELD OF T0 50 TO 100 1GPM AND LOCALLY, IN THIOKER MORE PIRME-
ABLE MWIFERS, 100 TO 30O IGPM OF GOOD QUALITY WATIR Potestislly
good water supplies for tourist and construction camps, villages
and towns, asd Ledestries —— sspecially those thick cearss aquifers
in major river vallays tribwlary to the Mackenzie River. Comslsts
matnly of alluvial sand ané gravel below the active and wooded (in-
active) floodplafns mnd beliw coarse sandy and gravelly point-bar
deposits on stesper-gradient sections of larger meandering rivers.
Considerable tast #rilling may be required to locate large squifers
in the lover reaches of tribwtaries and in the Mackemils Eiver flood
plain. Chief well installation problems are flooding asd sxcassive
lateral and vertical river srosion, Rivers with headwsters Ls the
Mackenmzis Mountains are extremely flashy and floods cen be nighly
dentrective.

QT PROPLELY LOCATED, DEVELOFED 44D COMSTRUCTED INDIVIDUAL WATER WELLS
77 WA YIELE UF TO I3 [G¥W OF GOOD QUALITY WATER WHERE THESE GRANULAR
SEDIMENTS ANE UNTROIDN AND CONTINUALLY RECHARGED; BETTIR FROSPECTS
OCCUR SOUTH OF NOMMAN WELLS, [SFECIALLY THIOXR LOW-LYING SLCTIONS

OF SAND AND CRAVIL COVERED BY JACKFINE, WNITE SPRUCE, BALSAM POPLAR,

AND TALL WILLOWS Potestisliy falr te good possibiliriss faor tourist
camps, domestic wee (washing, driskisg} at construction camps, and

small native settlements. Consists mainly of sandy outwash and ter-

3

——
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race deposits containing minor gravelly and silt interbeds.

A, C PROPERLY LOCATED, DEVELOFED AND CONSTRUCTED INDIVIDUAL WATER WELLS
E [ HAY_TITLE £ TO 5 IGPM OF POOR TO FAIR QUALITY WATER; BETTER PROS-
1/ PECTS (OOPOOWLY MAP-UNITS A AND I) OCCUR IN LOCALITIES THAT BORDER
| WATER, ABX FREQUENTLY FLOODED, OR ARE SITUATED ON SOUTH-TACING EXPO-
SURLE Camarally poor to locally fair water supplies for dossestlc
use. Detailed atrphoto study coupled with thorough [leld geeloglecal
reconnalssmmce is needed to pinpoint preferred testhole-sxplorstion
sitss. Dxpect limited ground-water recharge. Grownd water will like-
1y vequirs some treatment, auch as removal of iron and manganese.
The more promising well sites are commonly restricted to places on
active distributaries and abandoned channels on larger alluvial and
colluvial fans marked A and C, the margins of larger ponds and creek-
beds in areas marked E and D, and south-facing slopes on higher larg-
er wooded ridges marked W and I in regional lowland areas receiving
recharge.

L,V INDIVIDUAL WELLS ARE EXPECTED 70 YIELD LESS TWAN 1 IGPM OF POOR
QUALITY WATER Gesmarally poor grewsd-water sewrces for all pros-
? U pective water users becswss of low permesbility, low recharge
o) possibilities, amd a high permafrost table. Recharge is limited
M,AS to larger thernokarst features -~ mainly n map-units L and H.
Expect sulphate waters having potentially high iron and manganese
contests. Consists malsly of Fime-grained, low-permeability lacu-
strine md €11l 4epeaits, the lattsr containing minor and randomly
occurring inclusises of sand and, leas commonly, gravel. Expect
subsoils to be widely [rozen (permafrest).

B.R,K YIELDS FROM PROFTIRLY LOCATED, DEVELOFED AND COMSTRUCTED INDIVIDUAL

WATER WELLS AME EXFLCTED TO VARY FRiM LESS THAN 1 IGPM IN THICK
SHALE SEQUENCES TO FOSSIBLY 250 ICPM AT SELECT LOCATIONS IN HIGHLY

30 Kiiometres

DISTURBED AND FRACTURED S(M-MARIXE SANDSTONE AND POROUS CARBONATE
ROCKS AND I8 TWICE (MCOMINTID TEWTIARY SAND AND GRAVEL (SEE, ALSO,
THE ACCOPFANY [NG CINERALIZED BLOMOCK HYDROGEOLOGY MAP) Highly var-
iable ground-water source, both from the standpoints of water qua-
1ity and quantity. Potemtially suitable for domestic supplies,
villages and sowe industrias (s certain localities.

SPRINGS YIELUING LARCE QUANTITILS OF HIGHLY VARIABLE QUALITY GROUND
WATER Generally sprismgs occer in lowland areas along valley banks
vhere permesble sell or rock matarials overlie impermesble strata.
The sprimgs may ba artesian or water-table. Potentially suitable
for towns, (mfwstrles, snd construction campsites depending on wat—
er qualily.

~w&¢ INDIVIDUAL WELLS IN ORGANIC (PEAT) DEPOSITS ARE EXPECTED TO YIELD
LIS TWA%W 1 IGPM OF POOR QUALITY WATER Generally poor water supplies
for Rl wiers bacssss of the typical tea colour of the warer, poten-
tially hlgh mamgesess and {ron contents and common baoggy taste and
odour. Incledes fems, bogs, marshes, and swamps. Generally pattern-
e4 fess are wnirozss in vicisity of Fort Simpson whereas only the
small, roundish, treeless collapse scars in peat plateaus are wnfro-
zen.

Lake PROPER INTAKES INTO LARGE LAKES MAY YIELD UP TO 100 IGPM OF GOGD QUA-
LITY WATER; DEPTH OF WATER (PREFERABLY OV¥ER 10 FEET) AND SIIL OF LAKE
AVE DMFOFTANT OONSIDERATIONS, THE LARGER AXD DEEFER LAKES BEING BET-
TER Compists of larger and deeper permasest lskes (n Mackemziae River
Vdliey upland, such as Tate and Stewart Lak. Fotentially falr to
good water supplies for villages, industries, and constructios samps.
Treatment for iron, manganese, and organic matter may be necessary.
Because of potentially thick ice cover on smaller shallow lskes, the
availability of this water source may vary seasonally.
Mop 8
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RECONNAISSANCE

GENERALIZED. EYDROGEOLOGY MAP OF SURFICIAL DETOSITS
SHOWING GROUND-WATER PROBABILITY ALONC MACKENZIE RIVER VALLEY
FORT SIMPSON TO FORT McPHERSON, NOKTMWEST TERMITORILS

(Note: Estimates of yield are probable, not absolute, maximum figures,
which alse exclude possible buried bedrock valleys partly filled
with granular 'strata but having no surface expression)
LEGEND
Syubol Explanation
F PROFEELY LOCATED, DEVELOFED AND CONSTRUCTED INDIVIDUAL WATER WELLS

o1

MAY YIELD UP TO S0 TO 100 IGPM AND LOCALLY, IN THTCXER MORE PERME-
ABLE AJUIFERS, 100 TO 530 IGPM OF GOOD QUALITY WATERX Peteatially
good water supplies for tourist and construction cemps, villages
and towns, and industries — especlally those thick cearss aquifers
in major river valleys tridwtacy te the Mackenzie Wiver. Consists
mainly of alluvial md gravel below the active and woeded (in-
active) floodplains asd below coarse sandy and gravelly peint-bar
deposits on steeper-gradient sections of larger meamdaring rivers.
fonsidersble test drilling may be required to locats lsrge aquifers
in the lower reaches of tributaries and in the Mackemiia River flood
plain. Chief well installation problems are flooding and excessive
lateral and vertical river erosion. Rivers with headvaters in the
Mackestle Mountains are extremely flashy and floods can be highly
destruwctive.

PROFLALY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YLELD UP TO 25 IGPM OF GOOD QUALITY WATELR WMIRE THESE GRAMLAR
SEDIMENTS ARL UNFROZEN AND CONTINUALLY RECMARGEE; BETTER FRO ECTS
OCCUR SOUTH Of NORMAN WELLS, ESPECIALLY THIOCLR LOW-LYING SECTIONS
OF SAND AND GRAVEL COVERED BY JACKPINE, WWITE SFROCE, BALSAM POPLAR,
AND TALL WILLOWS Potentially falr to good possibilities for tourist
capps, domestic use (washing, drinking) at construction camps, and
small native settlements. Consists mainly of sandy outwash and ter-

.

FORT NORMAN

A,
E,
W,

, | WATER, ARE FREQUENTLY FLOODED, OR ARE SITUATED ON SOUTH-FACING EXPO-

L

yJ possibilities, and a high permafrost table.

1 Q 3 ) ]

race deposits containing minor gravelly and silt interbeds.

(C PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
DH.AY YIELD UP TO 5 IGPM OF POOR TO FAIR QUALITY WATER; BETTER PROS=-
PECTS (COMMONLY MAP-UNITS A AND T) OCCUR IN LOCALITIES THAT BORDER

SURES Generally poor to locally fair water supplies for domeatic
use. Detailed alrphoto study coupled with tharough field geological
reconnaissance is needed to pinpoint preferred testhole-exploration
sites. Expect limited ground-water recharge. Ground water will like-
1y require some treatment, auch as removal of iron and manganese.

The more promising well aites are commomly restricted to places on
active distributaries and sbandoned chamssls on larger alluvial and
coliuvial fass marked A and C, the margiss of larger ponds and creek-
beds in aress markad [ and D, and south-facieg slopes on higher larg-
er wooded ridges marked W and I in regional lowland aress recelving
recharge.

,V INDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 IGPM OF POOR

| QUALLTY WATER Generally poor ground-water sources for all pros-
pective water users because of low permesbility, low recharge
Recharge is limited

M,AS to larger thermokarst fratures -- mainly in map-units L and H.

BR

Lxpecl wulphats waters having potentially high iron and manganese
contents. Consists mainly of fine-grained, low-permesbility lacu-
strine and till deposits, the latter containing minor and randomly
occurring inclusions of sand and, less commonly, gravel. Expect
subsoils to be widely frozen (permafrost).

K YIELDS FROM FROFERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL
WATER WELLS AKE XXPECTED TO VARY FROM LISS THAN 1 IGPM IN THICK
SHALE SEQUENCEE T0 POSSIBLY 250 LGPM AT SELECT LOCATIONS IN HIGHLY

SURFICIAL HYDROGEOLOGY MAP

MARIME $ANDSTONE AND POROUS CARBONATE
(3 TEATIAKT SAND AND GRAVEL (SEE, ALSO,
THE ACOOMPANYING GEXERALIZED BIDAOCE WYDROGEOLOGY MAP) Highly var-
iable ground-water source, both from the standpoints of waier qua-
ity and quantity. Potentially suitable for domestic supplles,
villages and some industries in certain localities.

SPAINGS TIFLOTNG LARGE QUANTITIZS OF HIGHLY VARIABLE QUALITY CROUND
WATER Caserally springs occur in lowland areas along valley banks
whers permeable 801l or rock materials overlie impermesble sirata.
The sprisgs may be artesien or water-table. Potentially sultsble
for towns, Isdustries, and ion campsites d on wat-
er quality.

INDIVIDUAL WELLS IN ORGANIC (PEAT) DEPOSITS ARE EXPECTED TO YIELD
LESS THAN 1 IGPM OF POOR QUALITY WATER GCaserally poor water supplies
for all users becawsa of the typical Las <elour of the water, poten—
tially high mamgasess snd iron cestemis snd common boggy taste and
odour. Includes fens, bogs, marstes wwamps. Generally pattern-
ed fens are unfrozen in vicinity of Terc Simpson whereas only the
small, roundish, treeless collapse scars in peat plateaus are unfro-
zen. .

BOCKS AND IN THICE ONODWEE

Lake PROPER INTAKES INTO LARGE LAKES MAY YIELD UP TO 100 IGPM OF COOD QUA-

LITY WATER; DEPTH OF WATER (PREFERABLY OVER 10 FELT) AND S1LE OF LAKE
ARE IMPORTANT CONSIDERATIONS, TME LARGER AND DEEFLR LAKLS BEING BET-
TER Consists of larger and dsepar permanent lakes in Mackenzie River
Valley upland, such as Tate ssd Stevart Lekes. Potentially fair to
good water supplies for villages, {edustries, and constriction camps.
Treatment for iron, manganess, amd organic matter may be necessary.
Becsuse of potentially thick ice cever on smaller shallow lakes, the
avallability of this water sewrce may vary seasonally.

Map 9
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RECONN AISSANCE SURFICIAL HYDROGEOLOGY MAP

GENERALIZED BYDROGEOLOGY MAP OF SURFICIAL DEPOSITS 3 9 3 g is 20Wiles
SHOWING .GROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY

" FORT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORIES
race deposits containing minor gravelly and silt interbeds.

A, rRoFIaLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
E'n)u.v ¥ILL5 UP TO 5 IGPM OF POOR TO FAIR QUALITY WATER; BETTER PROS-
]

(Note: Estimates of yield are probable, not absolute, maximum figures,
which also exclude possible buried bedrock valleys partly filled
with granular strata but having no surface expression)

"DISTURBED AND FRACTURID NOM-ARINE SANDSTONE AN POROUS CARBONATE
ROCKS AND IN THICE UNCEMENTID TERTIARY SAND AND CEAVEL (1T, ALSS,
THE ACCOMPANYING GEVERALIZED BEDROCK HYDROGEOLOGY MAF) Wighly wvar—

LEGEND PLCTS (COMMONLY MAP-UNITS A AND I) OCCUR IN LOCALITIES THAT BoRSER fable ground-water sowrce, bath from the standpoints of water qua-
,| WATER, AXKE FREQUENTLY FLOODED, OR ARE SITUATED ON SOUTH-FACINC EXPO- 1ity amd quantity. Potentially suitable for domestic supplies,
Symbol Explanation SURES Generally poor to locally fair water suppliss for domestic villages and some isdwatriss in certain localities.

use. Detailed airphoto study coupled with thorouwgh [leld gesloglcal

F  PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS reconnaissance is needed to pinpoint preferred testhole-exploration

SPRINGS YIELDING LAMGE QUANTITIES OF HIGHLY VARLABLE QUALITY GROUND
MAY YIELD UP TO 50 TO 100 IGPM AND LOCALLY, IN THICKER MORE PERME-

"

WATER Generall

ABLE AQUIFERS, 100 TO 500 LGFM OF GOUD QUALITY WATER Potestially
good vater supplies for tswrist and comstructlon casps, villages
and towns, and industries -- especially lhose thick coarse aquifers
in major river valleys tributary to the Mackenzie River. Comsists
malsly of alluvial sand and gravel below tha sstive ssd wooded (in-
actlve) floodplains and below coarse sasdy sad gravelly point-bar
ails om steeper-gradient sections of larger mesndering rivers.
Consfdavsble test drilling may be required (5 Les large aquifers
in the lower reaches of tributaries asd im the Mackessle River flood
plain. Chief well installation problems are flooding and excessive
lateral and vertical river erosion. Rivers with headwaters in the
Mackenzie Mountains are extremely flashy and floods can be highly

sites. Expect limited ground-water recharge. Ground water will like-
1y require some trestment, such as removal of iron and manganese.

The more promising well sites are commonly restricted to places on
active distributaries and abandoned chanmsls on larger alluvial and
colluvial fans marked A and C, the margims of larger ponds and creek-
beds in areas marked E and D, and south-facing slopes on higher larg-
er wooded ridges marked W and I in reglonal lowland areas receiving
recharge.

LV INDIVIDUAL WELLS ARE EXPECTED TO YILLD LESS THAN 1 IGPM OF POOR

QUALITY WATER Gemerally poor ground-water sources for all pros—
pective waler weers because of low permeability, low recharge
wnd » high permafrost table. Recharge is imited

springs accwr in lowland areas alemg valley basks
vhere permeabla sefl or reck materials overlie {mpsrmesbla strata.
The springs may be artesian or water-table. Potsestislly suitable
for towns, industries, and construction campsites depending on wat-
er quality.

INDIVIDUAL WELLS IN ORGANIC (FEAT) DEFOSITS ANE KXFLCTED TO YIILD
LESS THAN 1 IGPK OF POOR QUALITY WATER Generally posr vatar swpplics
for all users because of the typleal tas colowr of the waler, polen
tially high manganese and irom costests shd common boggy taste and
odour. Imcludes fens, bogs, marshes, smd swamps. GCenerally pattern-
ed fens are unfrozen in vicinity of Fort Simpson whereas only the
small, rowsdish, treeless collapse scars in peat plateaus are unfro-
zen.

N,J possibilict

destructive. M,‘S to larger thermkarst [#atures -- mainly in map-units L and H.
. Expect sulghste watars having potentially high iron ssd masganese

PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
O,T N Sitio ve To 35 scon O 0008 QUALITY WATER WHERE THESE GRANULAR et :‘G;‘:‘ e :f fine-grained, 1""":“‘““:“" lacu-
" strine and t poalits, the latter containing minor and randomly

SEDIMENTS ARE IMFROZEN AND COSTIUALLY RECHARGED; BETTER PROSPECTS occurring {nclusiors of sand and, 16se comenls, srever.  Expoct

OCCUR SOUTH OF NORMAN WELLS, ISFECIALLY THICKER LOW-LYING SLCTIONS e e e o pba ’

OF SAND AND GRAVEL COVERED BY JACKPINE, WHITE SPRUCE, BALSAM POPLAR, y frocen (permafrost).

AND TALL WILLOWS Potentially fair to good possibilities fer tesrist @ R K YIELDS FROM PROPERLY LOCATED, DEVELOPED AND COWSTRUCTED INDIVIDUAL

camps, domestic use (washing, drinking) at construction camps, and *"97 WATER WELLS AXE EXPECTED TO VARY FROM LESS THAN 1 IGEM IN THICK

small native settlements. Consists mainly of sandy outwash and ter— SHALE SEQUINCES TO POSSIBLY 250 IGPM AT SELECT LOCATIONS TN HIGHLY

Lake raorrk INTAKES INTO LARGE LAKES MAY YIELO UP T0 100 [CFM OF GOOD QUA-
LITY WATER; DEPTH OF WATER (PREFERABLY OWIR 10 FEXT) A¥D £1IL OF LAKE
ARE IMPO¥TANT CONSIDERATIONS, THE LARGIN AND DEEFER LAXES BLING BET-
TER Consists of larger and deeper permament lakes in Mackenzle River
Valley upland, such as Tate ssd Sievart Lakes. Potentially fair to
good watar supplies for willages, Ladustries, and construction camps.
Treatment for iron, mamganess, and organic matter may be necessary.
Becauss of potentially thick ica cover on smaller shallow lakes, the
availsbility of this water sewice =ay vary sessonally.
v Map 10
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. GENERALIZED HYDROGEOLOGY MAP OF SURFILIAL DEFOAITS
SHOWING GROUND-WATER PROBABILITY ALONG MACXESZIE WIVER VALLEY
FORT SIMPSON TO FORT McPHERSON, NORTHWIST TERRITORIES

Estimates of yield are probable, not absolute, maximum figures,
ich also exclule possidle buried bedrock valleys partly filled
with grasslar strata but having no surface expression)

UPPER RAMPARTS RIVER

106 G
| 20Miles
? ey 1
qQ 3 [ -3 20 = 30 Kiiometres
race depeaics comiaimimy ninex gravelly and silt interseds. ‘DISTURBED ARD FRACTURID NO-MARINE SANDSTONE AND FORCUS CARBONATE
A c PROPERLY LOCATLD, DEVELOFLD AXND CONSTRUCTED INDIVIDUAL WATER WELLS ROCKS AND TN THICE UNCIMINTED TERTLAKY SAND A (BIX, ALSO,
E DHAY YIELD UP TO 5 IGPM OF POOR TO FAIR QUALITY WATER; BETTER Pl = THE ACCOMPANY ING CLVCRALIZED BEDROCK W Kighly var-
PECTS (COMMONLY MAP-UNITS A AND I) OCCUR IN LOCALL fable grownd—vater sewsce, both (rom the mtmsdsoints of water qua-
WATER, ARE FREQUENTLY FLOODED, OR ARE SITUATED OK ity and quantity. Potentially seitabla far femestic suelies,
SURES Generally poor to locally fair water supplics (or demestlc Villages and some tndustries in certais lecalifies.
use. Detatled atrphoto study coupled with thorough fleld geslogical .
reconnaissance is needed to pinpoint preferred testhole-exploratlon § SPRINGS YIELDING LARGE QUANTITIES OF WIGHLY VARIABLE QUALITY GROUND

LEcExD
Symbol Explanation
F PROPERLY LOCATED, DEVELOPED AND CONSTE D INDIVIDUAL WATER WELLS

071

MAY YIELD UP TO 50 TO 100 IGPM AND LOCALLY, IN THICUER MORK FLEME-
ABLE AQUIFERS, 100 TO 500 IGPM OF COO® QUALITY WATER Petestially
good water supplies for tourist and construction camps, villages
and towns, and industries — especially those thick coarse aquifers
in major river valleys tributary to the Mackensie River. Consists *
mainly of alluvial sand and gravel below the active and wooded (in-
active) floodplains and below coarse sandy and gravelly point-bar
deposits on steeper-gradient sections of larger meandering rivers.
Considersble test drilling may be required to locate large squifers
in the lower reaches of tributaries and in the Mackenzie River flood
plain. Chief wall isatallatise problems are flooding and excessive
lateral and vertical river ereslss. Rivers with headvatera in the
Mackenzie Mowntains sre extremely flashy and floods can be highly
deatructive.

PROPERLY LOCATED, DEVELLOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YIELD UP TO 25 IGPM OF GOOD QUALITY WATER WHERE THESE GRANULAR
SEDIMENTS AKE UNTTOZEN AND CONTINUALLY RECHARGED; BETTER PROSPECTS
OCCUR SOUTH OF WORMAN WELLS, ESPECIALLY THICKER LOW-LYING SECTIONS
OF SAND A¥D GRAVEL COVERED BY JACKFINE, WHITE SPRUCE, BALSAM POPLAR,
AND TALL W{LL(WS Potentially falr to good pessibilltles for tourist
camps, demestic wse (washing, drisking) at cosstredtion camps, and
small native seiilements. Consists mainly of sandy cutwash and ter-—

sites. Expect limited ground-water recharge. Ground water will Like-
ly require some treatment, such as removal of iron and mangameas.

The more promising well sites are commonly restricted to places &
sctive distributaries asdé shasdosed channels on larger alluvial mad
colluvial fans marked A amd C, the margins of larger ponds and creek-
bads in greas marked L and D, and south-facing slopes on higher larg-
er wooded ridges marked W and 1 in regional lowland areas receiving
recharge.

L,V INDIVIDUAL WELLS A%E EXPECTED TO YIELD LESS THAN 1 IGPM OF POOR
unu.u-v WATER Gesarally poor ground-warer sources for all pros-—
pective water users because of low permeability, low recharge
Jpassibxunes, and & high permsfrest (sble. Recharge is limited

to larger thermokarst featurss -- mataly in map-units L and H.
Expect sulphate waters havisg petestially high iron and manganese
contents. Consists mainly af (f{se—graf low-permeability lacw-
strine and till deposits, the lattar uﬂl.lning minor and randesly
occurring inclusions of sand ssd, less commonly, gravel., Expect
subsoils to be widely frozes (permafrest).

B R K YIELDS Fiie PROPIELY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL
" WATER WILLS ARL LXPECTED TO VARY FROM LESS THAN 1 IGPM IN THICK
SHALE SIQUINCES TO POSSIBLY 250 IGPM AT SELECT LOCATIONS IN HIGHLY

WATER Gemarslly sprisgs oecur in lowland areas along valley banks
where permtabla soll or rock materials overlie {mpermeabls strata.
The aprisgs may be artesian or water-table. Potentially suitsble
for Lowm isdustries, and construction campsites depending on wat-
ar quality.

INDIVIDUAL WELLS 1N ORGANIC (PEAT) DEFOSLYS ARE EXFECTED TO YIELD
LESS THAN 1 IGPM OF POOR QUALITY WATER Cesarally poor water supplies
for all wiers bacause of tha typical taa colesr of the water, poten—
t1ally high manganese and iron comlesls and commes boggy taste and
Iscludes fens, bogs, marshes, snd wwamps. Ceserally pattern-
ed fess are wafrozen in vicinity of Fort Simpsssm whereas only the
small, roundish, treeless collapse scars in peat platesus are unfro-
zen.

Lake ProftR INTAKES INTO LARGE LAKES MAY YILLD UF TO 100 IGPM OF GOOD QUA-
LITY WATCR; DEPTH OF WATER (PREFERABLY OVIR 10 FELT) AxD §1ZE OF LAKE
ARE DEFOFTANT COKSTDERATIONS, THE LARGER AND DEEPLR LAXES BEING BET-
TER Comsiats of larger and deeper parmssent lakes Is Mackemrle River
Valley upland, such as Tate and Stevart Lakes. Potsmtially fair to
good water supplies for villages, industries, and comsirwcilos camps.
Treatment for iron, manganese, and organic matter may be necessary.
Bacawss of potentislly thick ice cover on smaller shallow lakes, the
avatlability of (his water source may vary seasonally.

Map !/
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RECONNAISSANCE

- GENERALIZED HYDROGEOLOGY MAP OF SURFICIAL DAFOS (TS
SHOWING GROUND-WATER PROBABILITY ALONMC MACKINIIY RIVER VALLEY
FORT 3IMFSON TO FORT MoPWIRSON, NMOKTIMIST TERRITORILS

Estimates of yleld are probable, not absoluts, maximes flgeres,

which alse exclude posaible buried bedroek walleys partly filled

with grasular strata but having no swrface expression)

LLCIND
Symbol Explasstion
F PROPEELY LOCATED, DEVELOFLD A¥D CONSTRUCTED INDIVIDUAL WATER WILLS

MAY YIELD UP TO 53 TO 100 TCP™ AND LOCALLY, IN THICKER MORE PEmMI-
ABLE AQUIFERS, 150 TU 500 LGFM OF GOOT QUALITY WATER Potentlally
good water supplies for tourist and cesstrwction camps, villages

and towns, and industries —- especlally these thick coarse agqulfers
in major river valleys tributary to the Mackenzie River. Consists
mainly of alluvial sand and gravel helaw the active and wooded (in-
active) floodplains ssd belsw coarsé sesdy and gravelly point-bsr
deposits on steeper—-gradisent sectioms of larger meanduring rivers.
Considersble test drillimg may be requlred to locate lsrge aquifers
in the lower reaches of tributaries ssd im the Mackemuie.River flood
plain. Chief well installation prebless are floodlng and excessive
lateral and vertical river erosion. Rivers with headwaters in the
Mackenzie Mountains are extremely flashy and floods can be highly
destructive.

O, T PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
’

MAY YIELD UF TO 75 16PN OF GOOD QUALITY WATER WHERE THISE CRAMULAR
SEDIMENTS ANE UNFROZEN ASD CONTINUALLY RECHARGED; BATTIR FROSFLCTS
OCCUR SOUTH OF MOKMAN WrLlS, ESPECIALLY THICKER LOW-LYING SECTTONS
OF SAND AND CHAVEL COVERED BY JACKPINL, WHITE SPRUCE, BALSAM POPLAR,
AND TALL WILLOWS Potentfally falr to geod possibilities for tourist
camps, domtstic wss (washing, driskisg) at constrwciion camps, and
small native settlements. Conslsts mainly of sandy sutwash and ter-

A

C PROPERLY LOCATED, DEVELOPED AND CONSTREX
E'DMAY YIELD UP TO 5 IGPM OF POOR TO FAIR O
]

y] WATER, ARE FREQUENTLY FLOODED, OR ARE SITUATED on &

SANS SAULT RAPIDS

race deposits containing minor gravelly and silt interbeds.

D INDIVIDUAL WATER WTLLS
LITY WATER; BETTER PROS-
FECTS (COMMONLY MAP-UNITS A AND I) CCCUR IN LOCALITIES THAT BoRis
UTH-FACLNG LXFO-
SUMLS  Generally poor to locally fair water swpplies for domestic
wee. Detailed airphets study coupled with thorough field geological
recosmaissance is nerded to pinpoint preferred testhole-exploration
alt Expect limited ground-water recharpe, Grosnd water will Like-
ly require some treatment, such a8 reseval of (rom and mamganese.

The more promising well sites are commemly restricted to places on
active distributaries and abandomtd chamsels om larger sllwwial and
colluvial fans marked A and C, the margles ol larger ponds snd creak-
beds in areas marked E and D, and south-facing slopes on highar lari~
er wooded ridges marked W and I in regional lowland areas receliviag
recharge,

L'v INDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 IGPM OF POOR

o) possibiisen

@ QUALITY WATER Generally poor growsd-water sources for all pros-
’

pective water users berawse of low prreeadbility, low recharge

, and a high persafvesc Lable. Recharge is limited
to largst thersokarst features maialy Lm wap-waits L and H,
Expect sulphate waters hawisg potestially high Lrem and menganese
comtents. Comsists mainly of fine-grained, low-permeability lacu-
strise snd t11l deposits, the latter cemtaining minor and randomly
occurring inclusions of samd amd, less commonly, gravel. Expect
subsoils to be widely froses {permalrost).

K YIELDS TROM PROFIRLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL

" WATER WELLS A EXPECTED TO VARY FROM LESS THAN 1 IGPM IN THICK

SHALE SEQUINCES TO POSSIBLY 250 IGPM AT SELECT LOCATIONS IN HIGHLY

"DISTURBELD AND FRACTURED NON-MARKINE SANDSTONE AND PO

SURFICIAL HYDROGEOL.OGY MAP

ROCXS AND [N TMICE INCOMENTER TEXTIAKY SAND AND GRAVEL (3
THE ACOIRPANY [%G GEWCRALLICD BEOROCK WYDROGEOLOGY WAPY
1shle ground—valer sowrcs, boch (rom the slssdpoints of waler gua-
lity and quantity. Potestially seitabla for doseatlc swppliea,
villages and some indusiries in crrtsis localities.

SPRINGS YITLOIDNG LARGE QUANTITIES OF MIGHLY VARLASLE
VATIR GCemarally aprimgs ecewr is lowlssd sress alesg valley
where parseable soll or vork materlals overlie impermeshle stral
The springs may be arteaian or water-table. Potentially switable
for tewns, industries, and construction campsites depemding om wat—
er guality.

INDIVIDUAL WELLS IN ORGANIC (FEAT) DEFGSITS ARE DXFLCTED 70 YLLLD
LESS THAN 1 IGPM OF POOR QUALITY WATIR Gasarally peor veler supplies
for all users because of the typical tea celowr of Lhe water
tially high man a boggy Las
odour. Includes fema, bogs, marshes, and wwampa. Coserally pattern-
ed fens are unfrozen in wvicimity of Fort Simpson whersas ssly the
small, roundish, treeless collapse scars in peat platesss are walro-
zen.

Lake PROPER TNTAKES INTO LARGE LAXES MAY YIELD UP TO 100 1GPM OF 008 QUa-

LITY MATER; DEFTH OF WATER (PREFERABLY OVER 10 FEET) AND S1IE OF LAXE
ARE TMPOFTAST CONSIDERATIONS, THE LARGER AND DEEPER LAXLS BIING BET-
TER Comsiatls of larger and fssper permanent lakes im Mackesris Klwer
Valley upland, such as Tate ssd Stewart Labes. Potestially fair ts
good water supplies for villages, industries, snd comstrect
Trestmeat for iron, mangamess, and orgamlic matter may be aece
Becauwse of potentially thick ice cover om smallsr shallow lakes, the
availsbility of this water source may very ‘seasonally. /2




- RECONNAISSANCE

GENERALIZED HYDROGEOLOGY MAP OF SURFICIAL DEPOSITS
SHOWING GROUND-WATER PROBABILITY ALONG MACKIXIIE RIVIR VALLEY
FORT SIMPSON TO FORT McPHERSOUN, NORTHWEST TERRITORIES

(Note: Estimates of yield are probable, not absolute, maximum figures,
8
which also exclude posgible buried bedreck valleys partly filled
with granular strata but having ne surface expression)
LEGEND
Symbol Explanation
F PROPERLY LOCATED, DEVELOPED AND CONSTHUCTED INDIVIDUAL WATER WELLS

o1

MAY YIELD UP TO 50 TO 100 IGPM AND LOCALLY, IN TMICKER MORE PERME-
ABLE AQUIFERS, 100 TO 500 IGPM OF GO0 QUALITY WATIR Potentially
good water supplies for tourist and cessiructiom camps, villages
and towns, and industries — especially those thick coarse aquifers
in major river valleys tributary to the Mackenzie River. Consists
mainly of alluvial sand and gravel below the active and wooded (in-
active) floodplains and below coarse sandy and gravelly point-bar
deposits on steeper-gradient sections of larger meandering rivers.
Considersble test drilling may be required to locate large aquifers

in the lower reaches of tributsries and in the Mackemiie Eiver flood

plain. Chief well installation problems are flocdimg snd excessive
lateral and vertical river erosion. Rivers with hesdwslars in the
Mackenzie Mountaing are extremely flashy and floods cam b highly
destructive,

PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YIELD UF TO 23 IGPM OF GOOD QUALITY WATER WHERE TMISE GRANULAR
SEDIMENTS AKE UNTROZEN AND CONT[NUALLY RECHARGED; BETTER PROSPECTS
OCCUR SOUTH OF NORMAN WELLS, ESFECIALLY THICKER LOW~LYING SECTIONS
OF $AXT AXD GRANTL COVERED BY JAOCPINE, WHITE SPRUCE, BALSAM POPLAR,
AND TALL WILLOWS Potestially fair te good possibilities for tourist
camps, demestic wse (washing, drinking) at construction camps, and
small native gectlements., Consists mainly of sandy outwash and ter-

NORMAN WELLS
96E

SURF ICIAL HYDROGEOLOGY MAP
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race deposits containing minor gravelly and eilt interbeds.

A,c PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS /

E_DMAY YIELD £F TO 5 IGPM OF POOR TO FAIR QUALITY WATER; BETTER PROS-
2 PECTS (COPMONLY MAP-UNITS A AND I) OCCUR IN LOCALITIES THAT BORDER

w,l WATER, ARE FXEQUENTLY FLOODID, OR ARE SITUATED ON SOUTH-FACING EXPO-

SURES Geserslly poor to locally fair water supplies for demestic
use.
reconmalssmce 15 needed to pinpoint preferred testhole-explaration
sites. Lwpect limited grousd-water recharge.
ly requirs seme treatment, such as removal of iron and mangesese.

The mere promising well sites are commonly restricted to places on
active distributaries and abandoned channels on larger allwwisl and

colluvial fens marked A and C, the margins of larger ponds amd creek-
beds in areas marked E and D, and south-facing slopes on higher larg-

er wooded ridges marked W and I in regional lowland areas receiving
recharge.

L,V INDLVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 IGPM OF POds.
QUALITY WATER Generally poor ground-water sources for all pres-

17 pective water users because of low permesbility, low recharge
N,J possibilicies, and a high permafrosc table. Recharge i limited

M,AS to larger thermokarst featurea -- mainly in map-units L and H.

Expsct sulphate waters having potentially high irod and manganese
contemta. Consists matnly of fine-grained, low-permeability lacu-
strise #nd till deposits, the latter containing minor and randomly
occurriag inclusions of sand and, less commonly, gravel. Expect
swsells to be widely frozes (permalrest).

K YIELLS FRoM PROPERLY LOCATLD, DEVELOFED AND CONSTRUCTED INDIVIDUAL

WATER WELLS ARE EXPECTED TO VAKY FR(™ LESS THAN 1 IGPM IN THICK
SHALXL SEQUENCES TO POSSIBLY 1% IGFM AT SELECT LOCATIONS IN HIGHLY

Detailed airphoto study coupled with thorough fleld geelogical

Ground water will like-

Lake PROPER INTAKES INTO LARGE LAKES MAY YIELD UP TO 100 IGPM OF GOOD QUA-

"DISTURBED AKD FXACTURLE MON-MARINE SANDSTONE AND POROUS CARBONATE

ROCKS AND IN TWICE DNCCGNTED TERTIARY SAND AND GRAVEL (SEE, ALSO,
THE ACCOMPARYING GENERALIZED BEDROCK HYDROGEOLOGY MAP) Highly var—
iable ground-water source, both from the standpoints of water qua-
lity and quantity. Potentially suitsble for domestic supplies,
villages and some industries in certain localities.

SPRINGS YIELDING LARGE QUANTITIES OF HIGHLY VARIABLE QUALITY GROUND
WATER Generally springs occur in lowland areas along valley buashs
where permeable soil or rock materials overlie impermeable str .
The springs may be artesian or water-table. .Potentially suitabla
for towns, industries, and construction campsites depending om war-
er quality.

INDIVIDUAL WELLS IN ORGANIC (PEAT) DEPOSITS ARE EXPECTED TO YIILD
LESS THAN 1 IGPM OF POOR QUALITY WATER Generally poor water mwpplies
for all users because of the typical tea colour of the water, poten—
tially high manganese and iron contents and common boggy tasts amd
odour. Includes fens, bogs, marshes, and swamps. Generally pattern-
ed fens are unfrozen in vicinity of Fort Simpson whereas only tha
small, roundish, treeless collapse scars in peat plateaus are unfro-
zen.

LITY WATER; DEPTH OF WATER (PREFERABLY OVER 10 FEET) AND SIZE OF LAKE
ARE TMPORTANT CONSIDERATIONS, THE LARGER AND DEEPER LAKES BEING BET-
TER Consists of larger and deeper permanent lakes in Mackenzie River
Valley upland, such as Tals amd Stewart Lakes. Potentially fair to

good water supplies for villages, industries, and construction camps.
Treatment for iron, mangasess, snd organic matter may be necessary.

Because of potentially thick fca cover on smaller shallow lakes, the

availability of this wster source may vary sessomally. ”02/3
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GENERALIZED HYDROGEOLOGY MAF OF SURFICIAL DEPOSITS

MAHONY LAKE

96 F

RECONNAISSANCE SURFICIAL HYDROGEOLOGY MAP
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SHOWING GROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY
FORT SIMPSON TO FORT MqFWLRSON, NORTHWEST TERRITORIES

Estimates of ylald are prodadle, not absolute, maximus f{geces,
which also excleds possille buried bedrock valleys partly filled
with granular strata but having no surface expression)

LEGEND
Explanation

F  PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WLl
MAY YIELD UP TO 50 TO 100 IGPM AND LOCALLY, IN THICKER MORE PIEMI-
ABLE AQUIFERS, 100 TO 500 IGPM OF GOOD QUALITY WATER Potentially
good water supplies for tourist and conatruction cemps, villages
and towns, and indusiries -- especially those thick coarse aquifers
in major river valleys tributary to the Mackenzie River. Consists
mainly of allwvial sand and gravel below the active and wooded (in-
active) flocdplaims mnd below coarse sandy and gravelly point-bar
deposiis @n steepar-gradient sectioms of larger meandering rivers.
Considerable test drilling msy ba required to locate large aquifers
in the lower reaches of tribularies sad in the Mackenzie River flood
plain, Chief well installation problems are flooding and excessive
lateral and vertical river erosion. Rivers with headwaters in the
Mackenzie Mountains are extremely flashy and floods can be highly
destructive.

PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY TIELD UP TO 25 TGPM OF GOOD QUALITY WATER WHERE THESE GRANULAR
SLOIMENTS ARE UNFROZEN AND CONTINUALLY RECHARGED; BETTER PROSPECTS
OCCUR $OUTH OF NORMAN WELLS, ESPECIALLY THICKER LOW-LYING SECTIONS
OF SAND AND GRAVEL COVERLD BY JACKPINE, WHITE SPRUCE, BALSAM POPLAR,
AND TALL WILLOWS Potentially falr to gosd passibilities for tourist
camps, domestic use (washing, drinking) st censtruction camps, and
spall native settlements. Consists mainly of sandy outwash and ter-
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rate deposits containing minor gravelly and silt interbeds.

Alc PROPERLY LOCATED, DEVELOFED AND CONSTRUCTED INDIVIDUAL WATER WELLS
E DHA‘{ YIELD UP TO 5 IGPM OF POOW TO FAIR QUALITY WATER; BETTLR PROS-
1 PECTS (COMMONLY MAP-UNITS A AND I) OCCUR IN LOCALITIES TMAT BORDER
s | WATER, ANME FREQUENTLY FLOODED, OR ARE SITUATED ON SOUTH-FACING EXPO-
SURES Generally poor to locally fair water supplies far demestic
use, Detailed airphoto study coupled with thorough field geological
reconnaissance is needed to pinpoint preferred testhole-exploration
sites. Expect limited ground-water recharge. Ground water will like-
ly require some treatment, such as removal of iron and manganese.
The more promising well sites are commonly restricted to places on
sctive distributaries and abandoned channels on larger alluvial and
eslluvial fans marked A and C, the margins of larger ponds and creek-
beds in areas marked E and D, and south-facing slopes on highar larg-
er wooded ridges marked W and I in regional lowland areas receiving
recharge.

=
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L,V INDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 IGPM OF POOR
| GQUALITY WATER Generally poor ground-water sources for all pros-
13 pective water users because of low permeability, low recharge

N,J possibilities, and a high permafrost table. Recharge is limited

M'AS to larger thermokarst features -- mainly in map-units L and H.
Expect sulphate waters having potentially high.iron and manganese
contents. Consists mainly of fine-grained, low-permeability lacu-
strine and t1ll deposits, the latter containing minor and randomly
occurring fnclusions of sand and, leas commonly, gravel. Expect
subsoils to be widely frozen (permafrost).

B,R K YIELDS FROM PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL
"1 WATER WELLS ARE ZIFECTED TO VARY FROM LESS THAN 1 IGPM IN THICK
SHALE SEQUENCES TO POSSIBLY 250 IGPM AT SELECT LOCATIONS IN HIGHLY

v

"DISTURBED AND FRACTURED NON-MARINE SANDSTONE AND POROWS CARBONATE

ROCKS AND IN THICK UNCEMERTED TERTIARY SAND AND GRAVEL (KK, ALSO,
THE ACCOMPANYING GENERALIZED BEDROCK HYDROGEOLOGY MAP) Mighly var-
iable ground-water source, both from the stamépoints of water qua—
1ity and quantity. Potentially suitabls for demestic supplies,
villages and some industries in certain localities.

SPRINGS YIELDING LARGE QUANTITIES OF HIGHLY VARIABLE QUALITY GROUND
WATER Gesatally springs occur {n lowland areas along valley banks
where permeable soil or rock materials overlie impermsabla strats.
The sprisgs may be artesian or water-table. Potentially suitable
for towns, industries, and construction campsites depending on wat-
er quality.

INDIVIDUAL WELLS IN ORGANTC (PEAT) DEPOSITS ARE EXPECTED TO YIELD
LESS THAN 1 IGFM OF FOOR QUALITY WATER Generally poor’water supplies
for all users bac of tha typieal tea colour of the water, poten-
tially high mamgasess mnd {roo coatents and common boggy taste and
odour. Includes fens, bogs, marshes, and swamps. Generally pattern—
ed fens are unfrozen in vicinity of fert Simpson whereas only the
small, roundish, treeless collapse scars in peat plateaus are unfro-
zen.

Lake PROPER INTAKES INTO LARGE LAKES MAY YIELD UP TO 100 IGPM OF GOOD QUA-

LITY WATER; DEPTH OF WATER (PREFERABLY OVER 10 FEET) AND SIZE OF LAKE
ARE IMPORTANT CONSIDERATIONS, THE LARGER AND DEEPER LAKES BEING BET-
TER Consists of larger and deeper permanent lakes in Mackenzfe River
Valley uplend, such as Tate and Stewart Lakes. Potegtially fair to

good water supplies for villages, industries, and constructieos camps.
Treatment for iron, manganese, end organic matter may be nece
Because of potentially thick ice cover on emaller shallow lsk
aveilebility of this water source may vary seasonally.
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GENERALIZED HYDROGEOLOGY MAF OF SURTICIAL DEFOSITS
SHOWING GROUND-WATER PROBABILITY ALOWC MACKENEIIE RIVER VALLEY
FORT SIMPSON TO FORT McFNIRSON, WORTMJIST TLRRITORIES .
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(Note: Estimates of yield are probable, not absolute, maximum figures,
which also exclude possible buried bedrock valleys partly filled
with granular strata but having no surface expression)

race deposits contaimismg mimor gravelly and silt interbeds.

A,C PROPERLY LOCATED, DE¥LLOFLD AND OOUNSTRUCTED INDIVIDUAL WATER WELLS
E_pHAY_YIELD &7 TO 5 IGPH OF POOR TO FAIR QUALITY WATER; BETTER PROS-
19 PECTS (COMMINLY MAP-UNITS A AND I) OCCUR IN LOCALITIES THAT BORDER
¥ WATER, ARE FREQUENTLY PLOODED, OR ARE SITUATED ON SOUTH-FACING EXPO-
SURES Generally poor to locally fair water supplies for domestic
use. Detailed airphoto study coupled with thorough fleld geological
reconnaissance is needed to pinpoint preferred testhole-exploration
sites. Expect limited ground-water recharge. Ground water will like-
ly require gome treatment, such as removal of iron and manganese.
The more promising well sites are commonly restricted to places on
active distributaries and sbandoned channels on larger alluvial and
colluvial fans marked A and C, the margins of lasrger ponds and creek-
beds in areas marked L and D, and south-fa¢ing slopes on higher larg-
er wooded ridges marked W and I in regional lowland areas receiving
recharge.

LEGEND
Symbol Explanation

F PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
JMAY YIELD UP TO 50 TO 100 IGPM AND LOCALLY, IN THICKER MORE PEEME-
ABLE AQUIFERS, 100 TC %3 1GPM OF GOOD QUALITY WATER Potentislly
good water supplies fér leurlst and construction camps, villages
and towns, and industries — ewpecially those thick coarse aquifers
in major river valleys tributary to the Mackenzie River. Consists
mainly of alluvial sasd asd gravel below the active and wooded (in-
active) floodplains smd Melow coarse sandy and gravelly point-bar
deposits on steeper-gradieat sections of larger meandering rivers.
Considerable test drilllag may be required to locate large aquifers
in the lower reaches of tributaries and in the Mackenzie River flood L,V INDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS TM4X 1 IGPM OF POOR
plain, Chief well installation problems ars flesding and excessive IG QUALITY WATEX Generally poor ground-water sswrces for all pros—
lateral and vertical river erosion. Rivers with headwaters in the 17 pective water users because of low permeabllity, low recharge
Mackenzie Mountsins are extremely flashy msé flseds can be highly N,J possibilities, and a high permafrost table. Eecharge is limited
destructive. M,AS to larger tharmokarst features -- mainly in map-units L and H.

Expect sulphate waters having potentially high iron and manganese
contents. Comsists mainly of fine-grained, low-permeability lacu-
strine and (111 deposits, the latter containing minor and randomly

. PROPERLY LOCATED, DEVELOFED &% CONSTRUCTED INSL¥IDUAL WATER WELLS
" MAY YIELD UP TO 25 LGPW OF COOD QUALITY WATER MMEE THESE GRANULAR
SEDIMENTS ARE UNFROILN AND COWTISUALLY RECWARGID; BETTER PROSPECTS e opaatce  ohe laccer " and ©
OCCER $0UTH OF NORMAN WELLS, ESFECIALLY THICCLR LOW-LYING SECTIONS e engpe L ust and, less commonly, gravel. Expect
OF 5AND AXD GRAVEL COVERED BY JACKPINE, WHITE SPRUCE, BALSAM POPLAR, subsoils to be widely frozen (permafrost).
AND TALL WILLOWS Potentially fair to good possibilities for tourist B R | YIELDS FROM PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL
camps, domestic use (washing, drinking) at comstruction camps, and """ WATER WELLS ARE EXPECTED TO VARY FROM LESS THAN 1 IGPM IN THICK

small native settlements. Consists mainly of sssdy outwash and ter- SHALE SEQUENCES TO POSSIBLY 250 IGPM AT SELECT LOCATIONS IN HIGHLY

z g E 208t
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"DISTURBED AND FRACTURED NON-MARINE SANDSTONE AND POROUS CARBONATE

ROCKS AND IN THICK UNCEMENTLC TERTIARY SAND AND GRAVEL (SEE, ALSO,
THE ACCOMPANYING GINERALIZED BLOROCK HYDROGEOLOGY MAP) Highly var-
isble ground-waler sewrce, b5th frem the standpoints of water qua-
lity and quantity. Petestialiy swltsble for domestic supplies,
villages asd some indwsiries in certain localities.

SPRINGS TIFLDING LARGE QUANTITIES OF HIGHLY VARIABLE QUALITY GROUND
WATER Cesarally sprisgs occur im lowland areas alosg vallay banks
where permeable soil er rock matarials overlie impermeable strata.
The sprimgs may be arcesian or water-table. Potentially sultable
for towns, industries, and construction campeites depesding on wat-
er quality. ]

INDIVIDUAL WELLS IN ORGANIC (PEAT) DEPOSITS ARE EXPECTED TO YIELD
LESS THAN 1 IGPM OF POOR QUALITY WATER Generally poor water supplies
for all users because of the typical tea colour of the water, poten—
tially high manganese and iron contents and common boggy taste and
odour. Includes fens, bogs, marshes, amd swamps, Generally pattern-
ed fens are unfrozen in vicinity of Fort Simpson whereas emly the
small, roundish, treeless collapse scars in peat plateaus are unfro—
zen.

Lake PROPER INTAKES INTO LARGE LAKES MAY YIELD UP TO 100 IGPM OF GOOD QUA-

LITY WATER; DEPTH OF WATER (PREFERABLY OVER 10 FEET) AND SIZE OF LAKE
ARE IMPORTANT CONSIDERATIONS, THE LARCEN AND DEEPER LAKES BEING BET-
TER Comaists of larger amd desper permanent lakes (s Mackesnie River
Valley wpland, such as Tai= snd Stewart Lakes. Potestiially fair to
good water supplies fer villages, industries, and comsireciiss camps.
Treatment for iron, mamgesese, and organic matter may ba mecessary.
Because of potentially thick Lce cover on smaller shallow lskes, the
availsbility of this water source may vary seasonally.

Map /5




RECONNAISSANC

GENERALIZED HYDROGEOLOGY MAF OF SURFICTAL DEPOSITS
SHOWING GROUND-WATER PROBABILTTY ALONC MACKINIIE RIVIR VALLEY
FORT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORIES

(Note: Estlmstes of yield are probable, not absolute, maximum figures,
which alse #xcleie possible buried bedrock valleys partly filled
with granular strata but having no surface expression)
LEGEND
Symbol Explanation
F PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED IXDIVIDUAL WATER WELLS

0,7

MAY YIELD UP TO 50 TO 100 IGPH AND LOCALLY, I TRICKER MORE PERME-
ABLE AQUIFERS, 100 TO 500 IGPM OF GOOD QUALITY WATER Potestially
good water swpplies for tourist and construction camps, villages
and towns, emd {ndustries -- especially those thick coarse squifers
in major river valleys tributary to the Mackenzie River. Comsists
mainly of alluvisl sand and gravel below the active and wooded (in-
actiw) floodplains aed halew cearse sendy and gravelly poimt-bar
deponits on steepar-grsdiest sectioms of larger meandering rivers.
Considerable test drilling msy ba reguired to locate large aguifers
in the lover reaches of tributaries asd in the Mackenzie.River flood
plain. Chief well installation preblems are flooding and excessive
lateral and vertical river eroslom. Aivers with headwaters in the
Hackenzie Mountains are extremely flasby and £loods can be highly
destructive.

PROPERLY LOCATED, DEVELOFED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YIELD UP TO 25 IGPM OF GOOD QUALITY WATER WHERE THESE GRANULAR
SEDIMENTS ARE UNFROZEN AND CONTINUALLY RECHARGID; BETTER PROSPECTS
OCCUR SOUTH OF MOXMAN WELLS, ESPICIALLY THIOGIR LON-LYING SECTIONS
OF SaND K60 CHAVEL COVERED BY JACCPINE, WHITE SPEOCE, BALSAM POPLAR,
AND TALL WILLOWS Potentially fair to good pessaid liries for tourist
campa, domestic use (washing, drinking) at cosatreciles ctasps, and
small mative settlements. Consists mainly of sandy cutwash snd ter-

| MATER, AME FEDQUENTLY FLOODED, OR AWK SITEATER OM 50

o) pessibilities, wed s high permafrost table.
H,AS to larger thermokarst features —- mainly in map-units L and H.

FORT GOOD HOPE

3 0 15

Miles

race deposits containing minor gravelly and silt interbeds.

A cﬂx‘ruLY LOCATED, DEVELOPED AND CONSTRUCTED [MDIVIDUAL WATER WELLS
E'D?ﬁ\’( YIELD UF TO 5 [GPM GF POOR TO FAIR
]

LITY WATER; BETTER PROS-
FECTS (COMMONLY MAP-UNITS A AND I) OCCUR IN LOCALITIES THAT BORDER
TH=FACING EXPO-
SIRES  Ceserally poor to locally fair wster sepplies for domestic
wse. Detalled sirphots study coupled with tharcest [1eld geslogical
reconnaissmnce Ls mesded to pinpoint preferred testhole-exploration
sites. Expect limited ground—water recharge. Ground water will like-
ly require some treatment, swch s removal of iron and manganese.

The more promising well sites are comonly restricted to places on
active distributarfes and abssdomed channels on larger alluvial and
colluvial fans maried A and C, Che margins of larger ponds and creek-
beds in areas varked E and D, and south-facing slopes on higher larg-
er wooded ridges marked W and I in regional lowland areas receiving
recharge.

L'v INDIVIDUAL WELLS AKE EXPECTED TO YIELD LESS TMAN 1 IGPM COF POOR
H G PO4LITY WATER Gesarally poor ground-waler ssarces for all pros-
'

peclive water users because of low permeability, low recharge
Recharge is limited

Lxpect sulphate vaters having potentially high iron and mangahess
contents. Consists mainly of fine-grained, low-permeability lacw-
strine and till deposits, the latter containing minor and randemly
occurring inclusions of sand and, less commonly, gravel. Expect
subsails to be widely frozen (permafrost).

K YIELUS FROM PROPERLY LOCATED, DEVELOFPLD A¥D CONSTRUCTED INDIVIOWAL
WATER WELLS ARE EXFECTED TO VAKY FROM LESS THAN 1 IGPM IN THICK
SHALE SEQUENCES TO: POSSIBLY 230 ICPM AT SELECT LOCATIONS IN HIGHLY

1061
E SURFICIAL HYDROGEOLOGY MAP et

"DISTURBED AND FRACTUEID MOM-MARINE SANDSTONE AND PO S CANBONATL
ROCKS AND IN THICE USCOMINTED TEKTIAKY SAND AND GRAVEL (SIE, ALSO,
THE ACCOMPANYI¥ RALIZED BEDROCK WYDROGLOLOGY HAP) Mighly var—
iable ground-waier sswrcs, both from the slandpoints of walst qua-
1lity and quantity. Patestielly suitable for domestic seppliss,
villages and some fadwatrien in certsis lecalities.

SPRINGS YIELDING LARGEL QUANTITILS OF MIGHLY VARIABLE QUALITY GROCMD
s [k

WATER  Generally springs sccur im lowlesd areas along valley banks
where permeable soil or rock materials overiie impermeable strata.
The springs may be artesian or wslar-table. Potentislly suitable
for towns, industries, and constructiom campsites dependisg on wat—
er quality.

¢ INDIVIDUAL WELLS IN ORGANIC (FEAT) DAEPOSTITS ARK CXPECTED 70 YIELD

LESS THAN 1 IGPM OF POOR QUALITY WATIR Caserally poor wsler supplies
for all users because of the Lypical téa celeur of the waler, poten—
tially high manganese and iron comtests ssd commes beggy taste and

lacludes fens, bogs, marshes, and wwamps. Gemarally pattern—
ed fems are unfrozen in vicinity of Fort Slmpson wheress oaly the
small, roundish, treeless collapsa scars Is pest platesss sre unfro-
zen.

Lake PROPER INTAKES INTO LARGE LAKES MAY YIELD UP TO 100 IGPM OF COOD. QUA-

LITY WATER; DEPTH OF WATER (PREFERABLY OVER 10 FEET) AND S1IL OT LAKE
ARE IMPOPTANT CONS[DEFRATIONS, THE LARGCER AND DEEPER LAXLS BEINC BET-
TER Consists of larger msd deeper permanent lakes in Mackemiia Kiver
Valley upland, sech as Tate and Stewart Lakes. Pelsmtially falr ta
od water supplies for villages, industries, amd cosmstructics camps.
Trestment for iron, manganepe, and OTEAS{< Bat(er may be SeCesmary.
Because of potentially thidk fca cover on smaller shallow lakes, the
availability of this water source may vary seasonally. Ann IR




(Note:

Symbol

GENERALIZED HYDROCEOLOGY MAP OF SURFICIAL DEPOSITS
SHOWING GROUND-WATER PROBABILITY ALOMC MACKENZIE RIVER VALLEY
FORT SIMPSON TO FORT McPHERSON, WORTWWEST TERRITORIES

RECONNAISSANCE SURF ICIAL HYDROGEOLOGY MAP

Estimates of yield are prebable, mot sbaoluie, maximem [igures,
» which also exclwde péasible buried bedrock valleys partly ((lled
with granular strata but having no surface expression)

LEGEND
Explanation

F PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YIELD UP 10 50 TO 100 IGPM ANL LOCALLY, IN TRICKER MORE Pei-
ABLE AQUIFERS, 100 TO 500 IGPM OF GOOD QUALITY WATLE Porem: Lally
good water supplies for tourist and constructicm casps, villages
and towns, and industries -- especially those thick cearse aquifers
in major river valleys tributary Lo the Mackenzie River. Consists
wainly of alluvial sand and grawel below the active snd wooded (in-
active) floodplains smd below cosrse sandy and grawelly point-bar
deposits oa steeper-gradient seciioms of larger measdaring rivers.
Comalderadbla trat drilling may be required to locate large aquifers
fm tha lower resches of tributaries asd in the Msckenzie. River flood
plate. (hief wall tastallation problems are flooding and excessive
lateral snd vertical river erosion. Rivers with headwaters in the
Mackemrie Mowntaims ate extremely flashy end floods can be highly
dentuective.

O, T PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED [MDI¥IDUAL WATER WELLS
'"OMAY YIXLD UF TO I3 [CFW OF GOOD QUALITY WATEX WMIFE THESE CEANULAR
SERIMINTS AKE UNFROIEN AND CONTINUALLY KECHARGED: BETTIR PROSPECTS
OCCUR SOUTH OF MOWuel WELLS, ESPLCTALLY TNIOCR LoW-LYING SECTIONS

OF SAND AND GEAVEL COVEXED BY JACKPINE, WHITE SPRUCE, BALSAM POPLAR,

AND TALL WILLOWS  Potestially falr to good possibilities for tourist
camps, domescic wae (washing, drinking) at comstruction camps, and

swall matlve.settlemwntn. Consista mainly of sandy outwash and ter-

A

'c PROPLALY LOCATES, ODNVELOFED AND OONSTRUCTED INDIVIDUAL

ONTARAI;GHE RIVER

g B .

] [ . » [ 0 )
race deposits containing minor gravelly and silt interbeds.
WATIR WILLS

E DHA‘! YIELD UF TO 5 ICPW OF POOR TO FAIR QUALITY WATER; BETTLR FRoS-
]

L

PECTS (COPPmly MAP-INITS A AND 1) OCCUR IN LOCALITIES THAT BORDER

s | WATLE, AREL FROQUENTLY FLOODED, OR ARE SITUATED ON SOUTH-TACING DXFO-

SURES Camerally poor to lecally fair water supplies for domestic
use. Detalled airphote stwdy cowpled with chorough flald geeleglcal
reconnsissance Ls meeded o plapsint preferred testhole-exploration
sftes. Expect limited ground-water rechargs.
ly require some treatment, such as reseval of iron and mangasese.

The more promising well sites are commomly restricted to places on
active distributaries and abandoned chamsels on larger allwwlal and
colluvial fans marked A and C, the margiss of larger ponds asd creek-
bads In aress marked E and D, and sowth-facisg slopes on higher larg-
©r wosded ridges macked W and 1 in regional lowland areas receiviag
recharge.

,vu:w!:xu. WEILLS ARE EXPECTED TO YIELD LESS TMAN 1 IGPM OF POOR

QUALITY WATER GCeserally poer grousd-water ssurces for all pres-

Ground water w{1l like-

30 Wienatres

w

s

s ¥ pective watar wiers becasss of low permesblifty, low recharge
N,J possibilicten, mé a high permafrost table. Recharge is limted

M,ASm largec charmoharet features -- mainly im map—wnits L and M.
Lxpect sulphate wsters having potentially Migh {ron and mangamens
contents. Comsdats maisly of {lee—grained, lov—perpeability lecw-
strise sod 1111 deposita, the larter costaining minor and randomly
sccurrisg Inclusions of send and, less commonly, gravel. Expect
sdsoils (o be widely {rovem (parmafrost}.

B.R K TIELES FROM PROFLRLY LOCATED, DENTLOPER AND CONSTRUCTED INDIVIDUAL

P MATER WELLS ANE EXPLCTED TO VAKY FROM LESS THAN 1 1GPW IN THICK
SHALE SEQUENCES TO POSSIBLY 730 LGFW AT $ELECT LOCATIONS IN HIGHLY

“HSTURBED AND FRACTUKED NON-MARINL SANDSTONE ANT PORDUS CARBONATE

ROCKS AND IN THICC USGCENMIDNTID TERTLAKY SAXD AMD CRAVEL (SEX, ALSO,
THE ACODMPANYING GENERALIZID BEDROCK HYDROGEOLOGY MAF) Mighly var-
isble growsd-water seurce, beth from the stamdpolats of water qua-
1ty snd quantily. Potestially sultsble for domestic supplies,)
villages and some {mdustries Lm certain localities.

SPRINGS YIELDING LARCE QUANTITIES OF HIGHLY VARIABLE QUALLTY GROUND
WATER Caserslly springs occwr {m lowland areas along vallay basks
where parmradle soll or rock msterials overlie impermeable strata.
The springs may be artesiss or waler-table. Potentially switable
for towms, (ndustrles, ssd comsiructlon campsites dependisg om wa1=
er quality.

INDIVIDUAL WELLS IN ORCANIC (PEAT) DEFOSITS AREL DXPLCTER TO YIILD
LESS THAR 1| IGI™ OF FOOR QUALLITY WATER Cessrally poor waler swpplies
for all wers becasne of 1he typical tea colosr of the water, poten-
tially high sangancee sid Lroo cestenis and commom boggy (asta and
cdour. [mcluden feas, bops, marshes, snd pwamps. Geserally pattern-
o4 feas are wnfrores is vicinlly of Fort Bimpson whereas oaly the
small, rowndish, treeless collapss scars in peat plateaus are unfro-
zen.

Lake raovr DNTAxrs [NTO LASGE LAXKS MAY TIELD UP TO 100 IGPM OF GOOD QUA-

LITY WATLE; DEFTM OF WATCR (PLLVERABLY OVER 10 FEET) AND S$IZE OF LaXX
ARE THPOFRTART OOSSIDARATIONS, THE LARGER AND DEEPER LAKES BEINC BELT-
TER Comalints of lsrger snd despar permanent lakes in Macientle Eiver
Valley upland, swch as Tate and Stewart Lakes. Potestislly fair 1o
good water supplies for villages, Ledustries, amd comsrecion camps.
Treatment for irom, mamgenese, mnd organic MALLET may b SEcdRaaTY.
Because of potent[ally thick ice cover on smaller shallow lakes, (ha
availgbility of this water source say vary seasonally. Moo 17




(Note:

Symbol

RECONNAISSAN

GENERALIZED HYDROGEOLOGY MAF OF SURFICIAL DEFOSITS
SHOWING' GROUND-WATER PROBABILITY ALONC MACKENITE RIVEIR VALLEY
FORT SIMPSON TO FORT McPMIR&OW, WOXTMMIST TERRITORIES

Estimates of yield are probable, met sbsolute, maximum figures,
which also exclude possitle burled beirock valleys partly filled
with granular strata but having no surface expression)

LEGEND
Explanation

F PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WLl
MAY YIELD UP TO 50 TO 100 IGPM AND LOCALLY, IN THICKIR MORE FENME-
ABLE AQUITLES, 100 TO 500 IGPM OF GOOD QUALITY WATES Potentially
good water supplies for tourist and constrestlos camps, villages
and towns, ssd industries —- especially these Ihick coarse aqulfers
in major river valleys tributary to tho Msckesie River. Consists
mainly of alluvial sand and gravel belew the aclive and wooded (fa-
active) fleodplains and below coarse sandy and gravelly point-bar
deposits om steeper-gradient sections of larger meandering rivers.
Comsiderabls test drilling may be required to locate large aquifers
in the lower reaches of tributaries and in the Mackenzie River flood
plain. Chief vell {nstallation problems are flooding and excessive
lateral and vertical river erosion, Rivers with headwstars im Lhe
Mackenzie Mountains are extremely flashy and floods cam be highly
destructive.

0,7 PROPERLY LOCATED, DEVILOFED AND CONSTRUCTED INDIVIDUAL WATIR WELLS
*7 MAY YIELD UP TO I3 ICPM OF GOOD QUALITY WATER WMERE THISE GRANULAX
SEDIMENTS ARE UNTROILN AND CONT[MUALLY RECRARCED; EETTER PROSFICTS
OCCUR SCUTH OF NORMAN WELLS, ESFLCIALLY TWIOUER LOM-LYING SECTIONS

OF $AND AND GRAVEL COVERED BY JACKPTME, WMITE SPROCE, BALSAM POPLAR,

AND TALL WILLOWS Potentfally fair te good possiblilities for tewciat
camps, domestic use (washing, drinking) &t constructles camps, asd

small native settlements. Consists mainly of sandy cwtwash end Ler-

A,C

E pMAY YIELD UP TO 5 IGPM OF FOOR TO FAIR QUALITY WATLR;
]
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race deposlis containing minor gravelly amd silt inferbeds.

PROPERLY LOCATED, DEVELOFLD AND CONSTRUCTED INDIVIEUAL WATTR WELLS
PITTIR PROS-
FLCTS (OOMMONLY MAP-UNITS A AND I) GCCUR IN LOCALITIES THAT BONDER
WATER, AXE FREQUENTLY FLOODED, OR AKL SITUATED ON SOUTH-FACING EXPO-
SURES  Generally poor to locally falr water supplies for deswstic
wse. Dutailed airphoto study couple with thorough field geslegical
recemaaissance 16 needed to pinpoint preferred testhole-sxplaration
sites. ILxpecr limited ground-water recharge. Ground water will like-
ly require some trestment, such as removal of iron and mangas
The mors promlsisg well sites are commonly restricted to places on
active distribetaries and sbandoned channels on larger allevial and
colluvial fems marked A and C, the margins of larger ponds and creek-
beds {r sreas marked L and D, and south-facing slopes on higher larg-
er woodsd ridges marked W and I in reglonal lowland areas receiving
recharge.

INDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 IGPM OF POOR
QUALITY WATER Generally poor ground-water sources for all pros-
peclive vater users because of low permeability, low recharge

poanidilities, and a high permafrost table. Recharge is limited

M,AS to larger thermokarst features -- mainly in map-units L and i.

Expect sulphate waters having potentially high iron and mangssese
comtents. Cossiats mainly of fine-graimed, low-permeability La
strise amd (1)) depesits, the latter containing minor and rasdemly
eccutring (nclusions of sand and, less commonly, gravel. Expect

absolls (o bo widely frozen (permafvest).

YIELDS TROM PROPLRLY LOCATED, DEVELOPED AND COMSTRUCTED INDIVIDUAL
WATER WELLS ARE LXFICTED TO VARY FROM LESS THaN 1 IGPM IN THICK
SHALE SEQUENCES T0 POSSIBLY 250 IGPM AT SELECT LOCATIONS IN MIGHLY

W Biemares

w
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"DISTURBED AND FRACTURID NON-MARINE SaNDSTONT AND POROUS CARBONATE

ROOKS AND IN TMICE ©

CEMINTED TEXTIAKT SANG AND CRAVEL (SEX, ALSO,
THE ACOOREANY ING

EXALILED OOC NYDROGLOLOGY WAF) Nighly var-
isble grownd—water sourcs, beth [rem the stendpoints of waler qua-
11ty and quantity, Potestislly sultsble for domestic supplies,
villages and some Indusivies s certain localities.

SPRINCS YIELDING LARCE QUaNTITIES OF BIGHLY VANIABLE QUALITY GROUND
WATER Ceserally sprisgs eccur 4s lowland aress slesg valley banks
vhere permesble sell or rock materisls overlis impermesble strata.
The springs may be artasiss or wster-table. Potestislly suitsble
for towna, mdwstries, and comsirectlon campsltes depemding on wat—
er quality.

TNDIVIDUAL WELLS [¥ ORGANIC (PEAT) DEFOSITS AKE EXPLCTED TO YIELD
LESS THAN 1 [CPs OF POOR QUALITY WATER Generally poor water supplies
for all users becauss of Lha typical tea colour of the water, poten-
tlally high mamganese mnd {roe costests and common boggy taste msd
odour. Includes fens, boge, marsbes, and swamps. Generally patiern-
ed fens are wfrores in vicimity of Tort Simpsss wharess ssly the
small, roundish, tresless collspse wcars in pest platesss sre wafro-
zen.

Lake PROPER INTAXES INTO LARGE LAXES MAY Y1ELD UP TO 100 16T OF 00D Qua-

LITY WATER; DEPTM OF WATER (PREFERABLY OVER 1O FELT) axp
ARE DMPOPTANT OONS1DERATIONS, THE LARGER AN DETPER LAXES
TER Consists of largsr asd despar permanent
Valley upland, such aa Tate agd Stevart Lakes. Potestlally fair to

good water swpplien for villages, ledwsirie mmd comsliwcllion camps.
Treatment for irom, masgmeess, and orgasic Batier may ba mecessary.

Because of patent 1y thick loe cover on smaller shallow lakes, the

availgbility of this water seurce may vary seasonally. Mop 18
ap /&

S1ZE OF LAXE
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_ RECONNAISSANC

GENERALIZED HYDROGEOLOGY MAP OF SURFICIAL DEPOSITS
SMOWTNG CROUND-WATER PROBABILITY ALONG MACKINZIE RIVER VALLEY
TOXT SIMPSON TO FORT McPHERSON, NOKTWWEST TERRITORIES

Estimatés of yield are probable, not absolute, maximun figures,
which alse exclude possible buried bedrock valleys partly filled
with granular strata but having no surface expression)

LEGEND
Explanation

F PROPERLY LOCATED, DEVELOPLE A¥E COMSTRUCTED INDIVIDUAL WATER WILLS
MAY YIELD UP TO 50 TO 100 1GFM A¥D LOCALLY, IN THICKER MOWK ¥R~
ABLE AQUIFERS, 100 TO 500 157 ¢F COOD QUALITY WATER Potestislly
good water supplies for tewrist wsd construction camps, villages
and towns, and industries -- especially those thick coarse aqulfers
in major river valleys tributary to the Mackenzie River. Camsiats
mainly of alluvisl sand and gravel below the active and woeded (in-
active) floodplains and below coarse sandy and gravelly poimt-bar
deposits on steeper-gradient sections of larger meanderisg rivers.
Conafdersble test drilling may be required to locate largs squllers
in the lower reaches of tributaries and in the Mackenzie River flood
plala. Chlaf well installation problems are looding and excessive
lateral and vertical river erosion. Rivers with headwaters in the
Mackenzie Mountains are extremely flashy and floods can be highly
destructive.

Y PROPERLY LOCATEL, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
"7 MAY YIELD UP TO 15 TG¥FM OF GOOD QUALITY WATER WMERE TWISE CRASULAR
SEDIMENTS ARE UNFROZEN AND OGTIMUALLY RECHARGED; BETTER FROSFECTS
OCCUR SOUTH OF NORMAN WELLS, ESPLCIALLY THICKER LoW-LYLNG SECTIONS

OF SAND AND GRAVEL COVERED BY JACKPINE, WHITE SYROCK, BALIAM POTLAR,

AND TALL WILLOWS Potentially fair to good possibilities for tourist
canps, domestic use (washing, drinking) at construction camps, and

small native settlements. Consists mainly of sandy outwash and ter-

135°
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race deposits contatning minor gravelly and silt interbeds.

A, C PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
E'DHAY YIELD UP TO 5 IGPM OF POOR TO FAIR QUALITY WATER; BETTER PROS-
)

PECTS (COPMOMLY MAP-UNITS A AND I) OCCUR IN LOCALITIES THAT BORDER

| WATER, ASK PRZQUENTLY FLOODED, OR ARE SITUATED O S9UTH-FACING EXPO-
SURES Caserally poor to locally fair water supplies for domestic
use. Detailed airphoto atudy coupled with thorough field geologital
reconnalssanie is seeded to pinpoint preferred testhole-exploracicm
sites. [upect limited ground-water recharge. Ground water will like-
1y require some treatment, such as removal of iron and manganese.
The more promising well sites are ‘commonly restricted to places on
asilve distributaries and abandoned channels on larger alluvial and
celluvial fans marked A and C, the margins of larger ponds and creek-
beds in areas marked E and D, and sewtb-facing slopes on higher larg-
er wooded ridges marked W and I in regional lowland areas receiving
recharge. -

L, VINDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 ICPM OF POOR

"' QUALITY WATFR Canerally poor ground-water scurces fer all pros-
f

N ] Poctive water wsars because of law permeabilily. low recharge
y

possibilitirs, snd a high permafrost table. Rechargs is limited

M,AS to larger thermoiarst features -- mainly in map-units L and H.

Expect sulphats waters having potentially high iron and manganese
contents. Cosaists mainly of finc-grafsed, low-permesbility lacu-
strine and (111 deposits, the latter coftaining minor and randomly
occurring incleaions of send and, less cemmonly, gravel. Expect
subsoils to ba widely frozen (permafrest). .

K YIELDS FROM PROFERLY LOCATED, DEVELOFED AMD CONSTRUCTED INDIVIDUAL
WATER WELLS AKE EXPECTED TO VARY FROM LESS THAN 1 ICPM IN THICK
SHALE SEQUENCES TD POSSIBLY 250 IGFM AT SELECT LOCATIONS IN HIGHLY

L
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E SURFIClAL HYDROGEOLOGY MAP

"DISTURBED AND FRACTURED NON-MARINE SANDSTOME AND POROUS CARBONATE

ROCKS AND IN THICE UNCEMENTED TERTIARY SAXD AND GRAVEL {SEE, ALSD,
THE ACCOMPANYING CLWIRALIZED BIOROCK NYDROGTOLOGY MAF) Mighly war-
{sble ground-watsr souyce, beth [rom the stsndpolnts of water qua~
lity and quantity. Potentially suitable for domestic swpplies,
villages and some fafustries in certals locallties.

SPAINGE YIELDING LARCE GUANTITTES 0F HIGHLY VARIABLE QUALITY GROSND
WATER Generally springs occur o lawland sreas along valley basia
where permeable #oil or reck materials overlie impermeshla strata.
The springs may be artesfss or watar—ishle. Potestially seltable
for towns, industries, asd comstrection campsiles depesding on wat-
er quality.

INDIVIDUAL WELLS IN ORGANIC (PEAT) DEFOSITS AR DCPECTED TO YIELD
LESS THAN 1 IGPM OF POOR QUALITY WATIE Seserslly poor water supplies
for all users because of the typical tes calewr of Uhe water, poten-
tially high manganese and ircn contents and common boggy taste and
odour. Includes fens, begs, marshes, and swamps. Generally pattern-
ed fens are unfrozen ism vicimity of Fort Simpson whereas saly the
small, roundish, treeleas collapse gcara in peat plateaus are wafro-
zen.

Lake PROPER INTAKES INTO LARGE LAKES MAY YIELD UP TO 100 IGPM OF GOOD QUA-

LITY WATER; DEPTH OF WATER (PRXFIRABLY OVER 10 FEET) AND §1ZE OF LAKE
ARE TMPOPTANT CONSIDERATIONS, TME LARCER AND DEEF{E LAXES BXING BET-
TER Consists of larger and deeper permanent lakes Lo Mackestis River
Valley upland, swch s Tate and Stewart Lakes. Folamtially Iair to
good water supplies for willages, industries, and comatrwction camps.
Treatment for Lrem, mamgansss, mnd organic matter may ba sacessary.
Because of patemilslly thick fce cover on smaller shallaw lskes, the
availability of this water sewres may vary seasonally.

" Map/9
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GENERALIZED HYDROGLOLOGY HMAF OF SUNFICIAL DEPOSITS
SHOWING GROUND-WATER FROBARILITY ALOMC MACKENZIE RIVER VALLEY
FORT SIMPSON TO FUKT McPRERSON, NOKTHWEST TERRITORIES

(Note: Estimates of yield are probsble, not sbsolute, maximum figures,
which also exclude possible buried bedrock valleys partly filled
with granular strata but having no surface expression)

LEGEND
Symbol Explanation

F PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YIELD UP TO 50 TO 100 IGPH AND LOCALLY, IN THICKER MORE PERME-
ABLE AQUIFERS, 100 TO 500 IGPM OF GOOD QUALITY WATER Potentially
good water supplies for tourist and construction camps, villages
and towns, and industriea -— especially those thick coarse aquifers
in major river valleys tributary to the Mackenzie River. Consists
wafaly of alluvial sand and gravel below the active and wooded (in-
sctive) floodplains and below coarse sendy and gravelly point-bar
deposits on steeper-gradient sections of larger meamderisg rivers.
Considerable test drilling may be required to locste large aquifers
in the lower reaches of tributaries and in the Mackesile River flood
plain. Chief well installation problems are flooding and excessive
lateral and vertical river erosion. Rivers with headwatera in the
Mackenzie Mountains are extremely flashy and floods can be highly
destructive.

o T PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
*" MAY YIELD UP TO 25 IGPM OF GOOD QUALITY WATER WHERE THESE GRANULAR
SEDIMEXTS ARL UNFROZEN AND CONTINUALLY RECHARGED; BETTER PROSPECTS
OCCUR SOUTH GF NORMAN WELLS, ESPECIALLY THIOXA LOM-LYING SECTIONS

OF SAND AND GRAVEL COVERED BY JACKPINE, WHITE $PUCE, BALSAM POPLAR,

AND TALL WILLOWS Potentially fair to good possibilities for tourist
camps, domestic use (washing, drinking) at construction camps, and

snall native settlements. Consists mainly of sendy outwash and ter-

1350

FORT McPHERSON
[ 1]

) © .
race deposits costalsing minor gravelly and silt interbeda.

A,C PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
E pIAY YIELD UP TO % LGFM OF POOR TO FAIR QUALITY WATER; BETTER PROS-
¥ U PECTS (COMMONLY MAP-UNITS A AND I) OCCUR IN LOCALITIES THAT BORDER
,| WATER, ARE FREQUENTLY FLOODED, OR ARE SITUATED ON SOUTH-FACING EXPO-
SURES Generally poor to locally fair watar supplies for domestic
use. Detailed airphoto study coupled with thorowgh field geological
reconnaiasance is needed to pinpoint preferred testhale-exploration
sites. Expect limited ground-water recharge. Ground water will like-
1y require some treatment, auch as removal of iron and manganese.
The more promising well sites are commonly restricted to places on
active distributaries and abandoned channels on larger alluvial and
colluvial fans marked A and C, the margins of larger ponda and creek-
beds in areas marked E and D, and south-facing slopes on higher larg-
er wooded ridges marked W and I in regional lowland areas receiving
recharge.

L,V INDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 IGPM OF POOR
H/GQUALLTY WATER Generally poor ground-water sources for all pros-
1 pective water users because of low permeability, low recharge
o) possibilities, and a high permafrost table. Recharge is limited
M,AS to larger thermokarst features -- mainly in map-units L asd H.
Expect sulphate waters having potentially high iron asd manganese
contents. Consists mainly of fine-grained, low-permesbility lacu-
strine and till deposits, the latter containing minor and randomly
occurring inclusions of sand end, less commonly, gravel. Expect
subsoils to be widely frozen (permafrest).

B,R K YIELDS FROM FROFLXLY LOCATED, DEVELOPED AND CONSTRUZTED INDIVIDUAL
' WATER WELLS ARS DXPECTED TO VARY FROM LESS TMAX ) 1GPM IN THICK
SHALE SEQUINCES TO FOSSINLY 230 IGPM AT SELECT LOCATIONS IN HIGHLY

8

"DISTURBED AND FRACTURLD MOM-MaRINMI EANDSTONE AND POROUS CARBONATE
ROCKS AND TN TWICK UNCEMEXTEO TIRTIAKY SAND AND GRAVEL (SEE, ALSO,
THE ACCOMPANY WG CENERALIZED BEDROCK HYDROGEOLOGY MAP) Highly var-
iable ground-water source, both from the standpoints of water qua-
lity and quantity. Potentially suitable for domestic supplies,
villages and some industries in certain localities.

SPRINGS YIELDING LARGE QUANTITIES OF HIGHLY VARTABLE QUALLTY GROUND
WATER Generally springs occur im lowland areas alomg valley banks
vhere permesble soil or rock matarials overlie impermesble atrata.
The springs may be artesian or watsr-table. Potentfally switable
for towns, industries, and constrwition campsites depemding on wat-
ar quality.

~s IMIVIDUAL WELLS IN ORGANIC (PEAT) DEPOSITS ARE EXPECTED TO YIELD
LESS THAN 1 IGPM OF POOR QUALITY WATER Generally posr water supplie
for all users bacawme of the typical tea colour of tha watser, poten—
tially high memgassse sad iron cemients and common bogxy (aste and
odour., Includes fess, bogs, marshes, and swamps. Gesatally pattern
ed fens are wnfrores Im vicinity of Fort Simpson whereas only the
small, roundlish, s collapae scars in peat platesus are unfro-
zen,

v

Lake PROPER INTAKES INTO LARGE LAXES WAY YIELD UP TO 100 IGPM OF GOOD QUA
LITY WATER; DEFTM OF WATIA (FRLTERABLY OVER 10 FEET) AND SIZE OF LAK
ARE IMPORTANT COWSILERATICNS, TWE LARGER AND DEEPER LAKES BEING BET-
TER Consists of larger aed deeper permanent lekes in Mackenzle Rive
Valley uplang, such as Tate and Stevart Lakes. Potentially fair to
good- water supplies for villages, sdustries, end Constructios camps
Treatment for iron, mangsnese, msd organic wmatter may be necessary.
Because of pofentially thick ice cever on smaller shallow lekes, the
avatlabilicy Of this water sourcs may vary seasonally.  Adap D¢
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RECONNAISSANCE SURFICIAL HYDROGEOLOGY MAP

GENERALIZED HYDROGEOLOGY MAP OF SURFICIAL DEPOSITS
SHOWING GROUND-WATER PROBABILITY ALONG MACKINZIE RIVER VALLEY

3 [ 2 . g " 20

. [ - 30 Khwmtrms
race deposits containing minor gravelly and silt interbeds.

FORT SIMPSON TO FORT McPHERSON, NORTHWEST TEERITORILS

(Note: Earimares of yield are probable, not absolute, maximum figures,

which alse exclude pessible buried bedrock valleys partly filled 'DISTURBED AND FRACTURLD NCH-MARINE SANDSTONE AND POROUS CARBONATE

with granwlar strata-but having no surface expression) A, C PROPERLY LOCATED, DEVEL?PED AKD CONSTRLIAC'I:ED INDEVIDUAL WATER WELLS ROCKS AND IN THICK PNTED TERTIAXY SAND AND GRAVEL (SLE, ALSO,
E DAY YIELD UF 70 5 [GIw OF FOR TO FALR QUALITY WATER; BITTER PROS- THE ACCOMPANYING GENERALIZLZ BEDROCK MYDEOGEOLOGY MAP) Highly var—

LEGEND U PECTS (COMMOMLY MAP-UNITS A AND 1) OCCUR IN LOCALITIES THAT BORDER ieble ground-water source, both from the stmsdpoints of water qua-

4 MATIR, ARE FREQUINTLY FLOODED, OR ARE SITUATED ON SOUTH-FACLNG LXFO- lity and quantity. Potentially suitsble for domestic supplies,
Symbol Explanation SURES Cemerally poor te locally falr water supplies for dessstic i villages and some industries in certais localities.
e, D a4 airphoto study coupled with thorough [lald geeloglcs

F PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS :cw“::::r: :: :gg;:d to ano:n[ Prd,,,,gr:e:‘hole..leg,azion § SPRINGS YIELDING LARGE QUANTITIES OF HIGHLY VARIABLE QUALITY GROUND
MAY YILLD 0¥ TO S0 TO 100 IGPM AND LOCALLY, IN TRIOKER MORE PERME- sites. Expect limited ground-water reshar Ground water will like- WATER Gemarally springs occur in lowland areas along valley banks
MBLE AQUIFERS, 100 TO 500 IGPM OF GOOD QUALITY WATER FPetentially 1y require some treatment, such as remewal of Lron and manganese. where permeable soil or rock materials overlie impermeable strata.

goet watar wwpplies for tourist and constructiss cemps, villages The more promising well sites are commonly restricted to places on The springs may be artesian or water-table. Potentially suitable
@84 tovmn, wd Ladustries -- especially those Lhick cearse aquifers active distributaries and abandoned channels on larger alluvial and for toyns, Industries, and construction campsites depending on wat-

1n major river valleys tributary to the Mackenxie River. Consists colluvial fans marked A and C, the margins of larger ponds and creek— er qualicy.
mainly of alluvial sand and gravel below the astive asd wooded (in- beds in areas marked E and D, and south-facing slopes on higher larg- ~i¢ INDIVIDUAL WELLS IN ORGANIC (PEAT) BEP§1T# ARE EXPECTLD TO YIFLD

active) floodplains and below coarse sandy. and gravelly point-bar
deposits on steeper-gradient sections of larger meandering rivers.
Comsiderable test drilling may be required to locate large aquifers
in the lower reaches of tributaries and in the Mackenzie River flood
plain. Chief well installation problems ars flooding end excessive
lateral and vertical river erosfon. Rivers with headwaters in the
Mackenzie Mountains are extremely flashy mmd floods can be highly
destructive.

0T PROPERLY LOCATED, DEVELOFED A CORSTRUCTED INDIVIDUAL WATER WELLS
*" MAY YIELD UP TO 25 IGPM OF GUUD QUALITY WATER WHERE THESE GRANULAR
SEDIMENTS ARE UNFROZEN AND CONTINUALLY RECHARGED; BETTER FROSPICTS
OCCUR SOUTH OF NORMAN WELLS, ESPECTALLY THICKER LOW-LYING SECTIONS

OF SAND AND GRAVEL COVERED BY JACKPINE, WHITE SPRUCE, BALSAM PUPLAR,

AND TALL WTLLOWS Potentially fair to good possibilities for tourist
camps, demeatic use (washing, drinking) at construction camps, and

small native settlements. Consists mainly of sandy outwash and ter-

er wooded ridges marked W and I in regional lowland areas receiving
recharge.

L,V INDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 IGPM OF POOR
'@ QUALLTY WATER Generally poor ground-water sources for all pros-
1

pective water users because of low permeability, low recharge

o) possibilities, and a high permafrost table. Recharge fs 1{mired

M,AS

to larger thermokarst features —- mainly in map-units L asd M.
Expect sulphate waters having potentially high iron and mamgasese
comtents, Consists mainly of Fine-grained, low-permeability lacu-
strise and till deposits, the latter containing minor and randomly
sccurring inclusions #f samd amd, less commonly, gravel. Expect
subssils to be widely fros {permafrost) .

K YIELDS FROM PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL .
WATER WELLS ARE EXPECTI® TO VARY FROM LESS THAN 1 IGPM IN THICK
SHALE SEQUENCES TO POSSIALY 730 IGPM AT SELECT LOCATIONS IN RIGHLY

LESS THAN 1 IGPM OF POOR QUALITY WATER Geserally poer water suppllies
for all users because of the typical tea colour of tha water, polen-—
tially high manganese and iron contests mmd common boggy taste and
odour. Includes fens, bogs, marshes, emd wwamps. Generally pattern—
ed fens are unfrozen in vicinity of Fort Simpson wheseas only the
small, roundish, treeless collspse scars in peat platesss are unfro-
en,

uk. PROFER INTAKES INTO LARGE LAKES MAY YIELD UP TO 100 IGPM OF GOOD QUA-

LITY WATER; DEPTH OF WATER (PREFERABLY OVER 10 FELT) AND SIZE OF LAKE
ARE IMPORTANT CONSIDERATIONS, THE L4 AND DELFER LAKES BEING BET-
TER Consists of larger and deeyar permamest lakes (s Wackenzie River
Valley wpland, such as Tate and Stewart Lakes. Potentially fsir to

good water supplies for villages, industries, and construction camps.
Treatmeat for iron, mangamese, and organic matter may be necessary.

Becausa of potentially thick ice cover on smaller shallow lake
availability of this water source may vary seasonally.
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GENERALIZED HYDROGEOLOGY MAP OF SURFICIAL DEPOSITS
SHOWINGC CROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY
FOKT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORILS

Estimates of yield are probable, not absolute, maximum figures,
which also exclude possible buried bedrock valleys partly £illed
with granular strata but having no surface expression)

LEGEND
Explanation

F PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YIELD UP TO 50 TO 100 IGPM AND LOCALLY, IN THICKER MORE PERME-
ABLE AQUIFERS, 100 TO 500 IGPM OF GOOD QUALITY WATER Potentially
good water supplies for tourist and cesstruction camps, villages
and towns, and industries -- especially those thick coarse aquifers
in major river valleys tributary to the Mackenzie River. Consists
mainly of alluvial sand and gravel below the active and wooded (in-
active) floodplains and below coarse sandy and gravelly point-bar
deposits on steeper-gradient sections of larger meandering rivers.
Considerable test drilling may be required to locate large aquifers
in the lower reaches of tributaries and in the Mackenzie River flood
plain. Chief well installation problems are flooding and excessive
lateral and vertical river erosion. Rivers with headwaters fa tha
Mackenzie Mountains are extremely flashy and floods can ba highly
destructive.

PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WILLS
MAY YIELD UP TO 25 IGPM OF GOOD QUALITY WATER WHERE THESE CRANVLAR
SEDIMINTS ARE UNFROZEN AND CONTINUALLY RECHARGED; BETTER PROSFELCTS
OCCUR SOUTH OF NORMAN WELLS, ESPECIALLY THICKER LOW-LYING SECTIOME
OF SAND AND GRAVEL COVERED WY JACXPINE, WMITE SPRUCK, BALSAH POPLAR,
AND TALL WILLOWS Potentially falr to geed possibilities for Lourist
camps, domestic use (washisg, driskisg) at comstruction camps, and
small native settlements. Comaists mainly of sendy outwash and ter-
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race deposits containing ninor gravelly and silt interbeds.

Ic PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS

pMAY YIELD UP T0 5 IGPM OF POOR TO FAIR QUALITY WATER; BETTER PROS-

1 PECTS (COMMONLY MAP-UNITS A AND I) OCCUR IN LOCALITIES THAT BORDER

s | UATER, ARE FREQUENTLY FLOODED, OR ARE SITUATED ON SOUTH-FACING EXPO-
SURLS  Generally poor to locally fair water supplies for domestic
waw. Detailed airphoto study coupled with thorough field geological
receanaissance is needed to pinpoint preferred testhole-exploration
sites, Expect limited ground-water recharge.
ly require some treatment, such as removal of iron and mapganese.
The more promising well sites are commonly restricted to places on
active distributaries and abandoned channels on larger alluvial and
colluvial fans marked A and C, the margins of larger ponds and creek-
beds in areas marked E and D, and south-facing slopes on higher larg-
er wooded ridges marked W and I in regional lowland areas receiving
recharge.

'vINDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 IGPM OF POOR

QUALITY WATER Generally poor ground-water sources for all pros-
pective water users because of low permeab{lity, lov recharge
possibilities, and a high permafrost tabla. Racharge is limited

M,AS to larger thermokarst features -- mainly La mag-units L and H.

Expect sulphate waters having potentially high iron and manganese
contents. Cone{sts mainly of fine-grairad, low-permeability lacu-
strine and till deposits, the latter contaimisg minor and randomly
occurring inclusiens of sand and, less commosly, gravel. Expect
subsoils to be widely frozen (permafrost).

K YIELDS FROM PROPERLY LOCATED, DEVELOPED XD COSATRUCTED INDIVIDUAL

WATER WELLS ARE EXPECTED TO VARY FROM LESS TWAN 1 IGPM IN THICK
SHALE SEQUENCES TO POSSIBLY 250 IGPM AT &FLXCT LOCATIONS IN HIGHLY

Ground water will like-

30 Kibematver

v

E. SURFICIAL HYDROGEOLOGY MAP

"DISTURBED AND FRACTURED NON-MARINE SANDSTONE AND POROUS CARBONATE
ROCKS AND IN THICK UNCEMENTED TERTIARY SAND AND GRAVEL (SEE, ALSO,
THE ACCOMPANYING GENERALIZED BEDROCK HYD®OGEOLOGY MAP) Highly var-
fable ground-water source, both from the stendpoints of water qua-
lity and quantity. Potentially suitable for domestic supplies,
villages and some industries in certain lecalities.

SPRINGS YIELDING LARGE QUANTITIES OF HIGHLY VARIABLE QUALITY GROUND
WATER Generally springs occur in lowland areas along valley banks |
where permeable soil or rock materiala overlie impermeable strata.
The springs may be artesian or water-table. Potentially suitable
for towns, industries, and campsites deps g on wat-
er quality.

INDIVIDUAL WELLS IN ORGANIC (PEAT) DEPOSITS ARE EXPECTED TO YIELD
LI%3 THAN 1 IGPM OF POOR QUALITY WATER Generally poor water supplies
for all users because of the typical tea colour of the water, poten-—
tially high manganese and iron contents ahd common boggy taste and
odour. Includes fens, bogs, marshes, and swamps. Generally pattern-
ed fens are unfrozen in vicinity of Fort Simpson whereas only the
sumall, roundish, treeless collapse scars in peat plateaus are unfro-
zen.

Lake PROPER INTAKES INTO LARGE LAXES H&Y YIELD UP TG 100 IGPM OF GOOD QUA-

LITY WATER; DEPTH OF MATER (FREFTRABLY OVER 10 FEET) AND SIZE OF LAKE
ARE IMPOPTANT CONSIDERATIONS, TWE LARGER AND DEEFIR LAKES BEING BET-
TER Conaists of larger and deeper permanent lakes in Mackenzie River
Velley upland, such as Tate and Stewart Lakes. Potentially fair to
good water supplies for villages, industries, and construction cemps.
Treatment for iron, manganese, and organic matter may be necessary.
Because of potentially thick ice cover on smaller shallow lakes, the
availability of this water source may vary seasonally. Mop22
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GENERALIZED. HYDROGEOLOGY MAP OF SURFICTAL DEPOSITS
SHOWING GEOUND-WATER PROBABILITY 'ALONG MACKENZIL RIVER VALLEY
FOKT SIMPSON TO FORT McPHERSON, MOKTMWEST TIRRITORIES
\
(Note: Estimates of yield are probable,\uot sbsolute, maximum figures,
which also exclude possible buried bedPqck valleys partly filled
with grenular strata but having no hurface expression)

LEGEND
Symb Explanation

F  PROPERLY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL WATER WELLS
MAY YIELD UP TO 50 TO 100 IGPM AND LOCALLY, IN THICKER MORE PLii-
ABLE AQUIFERS, 100 TO 500 IGPM OF GOOD QUALITY WATER Potentislly
good water supplies for tourist and construction camps, villages

. and towns, and industries -- especially those thick coarse aquifers
in major river valleys tributary to the Mackenzie River. Consists
mainly of alluvial sand and gravel below the active and wooded (in-
active) floodplains and below coarse sandy and gravelly point-bar
deposits on steeper-gradient sections of larger meandering rivers.
Considerable test drilling may be required to locate large aquifers
in the lower reaches of tributaries and in the Mackenzie River flood
plain, Chief well installation problems are flooding and excessive
lateral and vertical river erosion. Rivers with headwaters in the
Mackenzie Mountains are extremely flashy and floods can be highly
destructive.

0 T PROPERLY LOCATED, DEVELOPED AND CONSTRUCTER INDIVIDUAL WATER WELLS

*" MAY YIELD UP TO 25 IGPM OF GOOD QUALITY WATER WHERE THESE GRANULAR
SEDIMENTS ARE UNFROZEN AND CONTINUALLY RECHARGED; BETTER PROSPECTS
OCCUR SOUTH OF NORMAN WELLS, ESPECIALLY THICKER LOW-LYING SECTIONS
OF SAND AND GRAVEL COVERED BY JACKPINE, WHITE SPRUCE, BALSAM POPLAR,
AND TALL WILLOWS Potentially fair to good possibilities for tourist
 gcamps, domestic we (vashisg, drisking) at construction camps, and

emall mative settlemencs. Comsists sainly of sandy outwash and ter—
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race deposits containing minor gravelly and silt interbeds.

A, PROPERLY LOCATED, DEVELOFED ANO CONSTRUCTED INDIVIDUAL WATER WELLS
| pMAL YIELD £7 TO 5 ICrM OF FOOR 1O FALR QUALITY WATER; BEPTER PROS-
»UPECTS (CGHMONLY MAP-UNITS A AND I) OCCUR IN LOCALITIES THAT BORDER
| WATER, ARE FREQUENTLY FLOODED, OR ARE SITUATED ON SOUTH-FACING EXPO~
SURES Generally poor to locally fair water supplies for domestic
use. Detailed airphoto study coupled with thorswgh field geological
reconnaissance is needed to pinpoint preferred testhole-exploration
sites. Expect limited ground-water recharge. Ground water will like-
ly require some treatment, such as removal of iron and manganese.
The more promising well sites are comonly restricted to places on
active distributaries and sbandoned channels on larger alluvial and
colluvial fans marked A and C, the margins of larger ponds and creek-
beds in sreas marked E and D, and south-facing slopes on higher larg-
er wooded ridges marked W and I in regional lowland areas receiving
recharge.

L,v INDIVIDUAL WELLS ARE EXPECTED TO YIELD LESS THAN 1 IGPM OF POOR
H_ G QUALLTY WATER Generally poor ground-water sources for all pros-
19 pective water users because of low permeability, low recharge
o] possibilities, and a high peruafrost table. Recharge s limited
M,AS to larger thermokarst features -- mainly in map-units L and H.
Expect sulphate vaters having potentially high iron end manganese
contents. Comaists matnly of fine-grained, low-permeability lacu-
strine a4 till deposits, the latter containing minor and randomly
occurring inclusions of send and, less commonly, gravel. Expect
subgoils to be widely frozen (permafrost).

B'R'K YIELDS FROM FROPLELY LOCATED, DEVELOPED AND CONSTRUCTED INDIVIDUAL
WATER

WELLS AME LXFLCTEID TO VARY FROM LESS THAN 1 IGPM IN THICK
SHALE SEQUENCES TO POSSIBLY 250 IGPM AT SELECT LOCATIONS IN HIGHLY

CE SURFICIAL HYDROGEOLOGY MAP

"DISTURBED AND FRACTURED NON~MARINE SANDSTONE AND POROUS CARBONATE
ROCKS AND IN THICK UNCEMENTED TEXTIARY SAND AND GRAVEL (SEE, ALSO,
THE ACCOMPANYING GENERALIZED BED®OCK HYDROGEOLOGY MAP) Highly var—
isble ground-water source, both from the standpoints of water qua-
lity and quantity. Potentially suitable for domestic supplies,
villages and some industries in certain localities.

§ SPRINGS YIELDING LARGE QUANTITIES OF HIGHLY VARIABLE QUALITY GROUND
WATER Generally springs occur in lowlend areas along valley banks
where permeable soil or rock materials overlie impermeable strata.
The springs may be artesian or water-table. Potentially suitable
for towns, industries, and on campsites on wat-
er quality. .

wi¢ INDIVIDUAL WELLS IN ORGANIC (PEAT) DEPOSITS SRE EXPECIED TO YIELD
LESS THAN-1 IGPM OF POOR QUALITY WATER Generally poor.water supplies
for sll users because of the typical tes calaur of the water, poten—
tially high menganese and iron conteits and common boggy taste and
odour. Includes fens, bogs, marshes, and gwamps. Generally pattern—
ed fens are unfrozen in vicinity of Fort Simpson whereas only the
small, roundish, treeless collapse scars in peat plateaus are unfro-
zen.

Lake PROPER INTAKES INTO LARGE LAKES MAY YIELD UP TO 100 IGPM OF GOOD QUA-
LITY WATER; DEPTH OF WATER (PREFERABLY OVER 10 FEET) AND SIZE OF LAKE
ARE IMPORTANT CONSIDERATIONS, THE LARGER AND DEEPER LAKES BEING BET-
TER Consists of larger amd deeper permanent lakes in Mackenéie River
Valley upland, such as Tata and Stawart Lskes. Potentially fair to
good water gupplies for willages, Industries, and construction camps.
Treatment for iron, mmsgmmase, sad organic matter may be necessary.
Because of potentially thick Lca cever on smaller shallow lakes, the
availability of this water sewrce may vary seasonally. 23
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RECONNAISSANCE’. BEDROCK HYDROGEOLOGY MAP

LEGIND OF GENERALIZED BEDROCK HYDROGLOLOGY MAP

SHOWING (ROUMD-WATER PROBABILITY ALONG MACCINIIE XIVER VALLEY
FORT 510N TO FORT McPHERSON, NORTWWILST TLRMITORIES

The entire study-area is underlain by widespread permafrost in
the discomiinuwsws parsmalrcst zone; also, estimates of

w4 o generally

wete highly disturbed, fractured, and porous temes wilhis the [ormations)

Symbol
T

Kl

Kit

Explanation

Tertiary mon-sarine sasd, gravel, cosglomerate, shale, sandstone,
coal. Dxpact maxises yields of ¥ Tgpm of generally fair to good
quality waters

Upper Cretaceous mainly non-marine sasdstose and shale. Expect
maximue yields of 25 Igpm of generally peer to locally fair quality
wvaters

Lower Cretaceous malaly marine shale asd sandato
um yielde of 1 Igpm of peor qualily sulphate waters

Expect maxim-

Upper Cretaceous Fort §t. Jein Formation shale. Expect maximum
yields of 1 Igpm of peer gwality sulphate waters

Uppar wnd Lowar Cret
le 4 sandstone.
poor quality waters

ows wanamed and undivided mainly marine sha-
Expact maximum yields of S lgpm of generally

Carbonifersws (Pemnsylvaniss) and Permian unnamed snd undivided sand-
stone and cesglumerate. Lipect maxioum yields of 23 Igpm of poor
to locally fair quality waters

Upper Devonian Redknife Fersatios maisly mariss shale wilh misor
sandstone and limestome. Expec! maxises vilalés of | lg gener-
ally poor quality waters

ity sweayally bicarbonate, hard waters

Tectonic symbols: — M thrust fault with teeth iméicating direction of dip; —f—— anticline;

[ s 0 5 20 Miles
== —
s [ 3 0 5 20 = 30 Kiomatron
(=== 3
Duu Upper Devonian unmased meialy mos-sarise shale, siltstone, limestone, Omh
and sandstone. Expact maximam ylelds of 5 Igpm generally poor to
scally fair qualliy watars Dmc
Dui  Upper Devoniss Isparial Fermatios mainly non-marine shale and sand- Dmei
stone. Expect maxims yielés gf 5 Igpm of generally poor to locally
fair quality vaters
. m]
Duk Upper Devonian Kakisa Formation limestone. Expect maximem yields of Dmbr
5 Igpm of poer to locally fair quality bicarbemate watsrs
Dutt Upper Dmvomiss Trout River and Tetcho Formstfces coms{stisg malaly Drmhi
of limestone with minor shale asd sandstone. Dapect maxisss ylelds
of 3 Igpm of poor to lecally faly gquality peaerally bltarbomste
waters os
Dus Upper Devoniss Fert Simpsos Termstion marine shale and siltstone.
Expect maximem ylalés of less tham 1 Igpm of generally poor qual- osk
ity sulphate waters
Dm ¥iddle Devomisms wwsssed snd wndlvided mainly carbonate strata with
misor shale and asbydrite. Expacl maximum yields of 250 Igpm of <
variable quallly bicarbemaste-sulphate waters cs
Dmk_ Middle Devemiss Kes Scarp Formation reefal and sther limestones.
" Lxpect maximem ylelds of 100 Iggm of poor to lecally fair quality
gesarally bicarbenste, hard vaters
Dmki Middle Devesiss Xee Scarp Formation limestses and Hare Indfan cal-
carecws shale, Expact maxisum yields of 25 Igpm of varisble qual- e

\#ula of 13 lgem of poor to falr quality waters

Middle Devonisn Hume Formstlse lfmestome.
10 Igpm of varisble qualily gemers.
Middle Devonian Canol Formatiss shale,
Igpm of poor quality sulphsie wagers
Middle Devonian Canol and Ware Isdiss Formaticms coesist(sg mainly
of shale. Expect maximum ylelds of L igpm of poor quality bicarb-
onate-sulphate waters

Expect maximes yields of
bicarbonate, hard waters
Expect saximem ylelds of 1

Middle Imvesfan Bear Rock Fersation dolomite, limestone, and anhyd-
rite. Expésl maximum yields of 250 Igpm of very poor quality
rally bicartenate-sulphate watars

Middle Devosian lare Indias Tormstion shale.
of 1 Igpm of poor quality selphate watars
Ordovician and Silurian wsamed snd usdivided dolomite and limest-
one. Expact maximem ylelds of 10 Igpa of highly varlable qualicy
pevarally bicardomate-sulphate waters

Grdowiclam and $1lerles Mounp Kindle Fersaties dolomits med anhydr-
ite snd Franklis Mra. Formation dolomits ssd shale. Fipeel maxioum
ylalds of 100 Igpm of generally poor to locally fair gmality bicarb-
onate-wslphate waters

Cambrian Saline River Formstisa ashydrite gypswm and salt, Cap Mt.
Formation shale and Mt. Clark Fermatios sssdstoms. Lrpscl maximum
yields of 100 lgpm of poor quality swlphate-chlerlde waters from the
Saline Eiver salt and anbydrite, ) Iggm of poor quality sulphate wa-
ters rom the Cap Mt. Formsties shale, and 25 Igpm of fair quality
waters from the Mc. Clark Formation sandstone

genes

Expect maximum yields

Precastrias arglllite, quartzite, and dolomite. Expect maximum

Map /
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(Note:

yields refer to probable, not absslute, max
more highly disturbed, fractured, and porous zones within the formatioma)

RECONNAISSA

LEGEND OF GENERALTZED BEDROCK HYDROGEOLOGY MAP
SHOWLNG CROUND-MATLR FROBASILITY ALONG MACKENZIE RIVER VALLEY
FORT SIMFS0N TO FONT Mo PRERSON, NORTHWEST TERRITORIES
The entire study-ares is underlain by widespread permafrost in
the discontinuous permafroat pose; alss, estimates of
., lmam ({gures and to io

ally

Explenation -

Tertiary non-marine sand, gravel, conglemerate, shale, sandstone,
coal. Expect maximum ylelds of 50 Igpm of generally fair to good
quality waters

Upper Cretaceous mainly non-marine sandstone and shsle. Expect
maximun ylelds of 25 Igpm of generally poor to locally fair qualliy
waters

Lower Cretaceous mainly marine shale and sandstone. Expect maxim—
um ylelds of 1 Igpm of poor quality sulphate waters

Upper Cretaceous Fort St. John Formation shale. Expect maximum
yields of 1 Igpm of poor quality sulphate waters

Upper and Lower Cretaceous unnamed and undivided malaly marise sha-
le and sandstone. Expect maximum yields of 5 Igsm of gesarally
poor quality waters

Carboniferous (Pennsylvanian) and Permian unnamsd and wsdéivided sand-
stone and conglomerate. Lxpect maximum yields of I3 Iggm of peor
to locally fair quality waters

Upper Duvomls Redisife Formstion mainly marine shale wich minor
sandstese and limestoss. Expect maximum yields of 1 Igpm of gener-
ally posr qualily waters

NCE BEDROCK HYDR

iz21°

FORT SIMPSON

OGEOLOGY

20 Miles

Duu

Duk
Dutt

Dus

Om

Dmk

Dmki

s g s ) [ 20 23 30 Kliomeires

Upper Devonian unnamed mainly non-marise shale, siltstone, limeatone,
i mandstone. Expect maximum yields of 5 Igpm generally poor to

-
Lecally fair quality waters

Upper Devonian Imperial Fermation mainly non-marine shale and sand-

stone. Expect maximum ylslés of 5 Igpm of generally poor to locally
falr quality waters

Upper Devonian Kakisa Fermation limestone. Expect maximum yialds of
5 Igpm of poor to locally falr quality bicarbonste waters

Cppar Devenian Trout River asd Tetcho Formatioms consistinmg malsly
ol lisestone with miner shale and sandstone. Expect maximem yields
of 5 Igpm of poor to locally fair quality generally bicarbwmsie
vaters

Upper Devonian Fort Simpson Formation mari:
Expect maximum ylelds of less than 1 Igpm
ity sulphate waters

shale and siltstoms.
f geserally poor qual-

Middle Devonian wnnamed and undivided maisly carbosate strata with
minor shale and anhydrite. Fxpect maximum yields of 250 Igpm of
variable quality bicar ulphate waters

Middle Devonian Kee Scarp Formstios reefal and sther limestones.
Expect maximum yielés of 100 [gym of poor to lecally fair quality
generally »icarbonate, hard waters

Middle [wvemlan Kee Scarp Tormaifem limestone gnd Hare Indian cal-
caregws shale. Expect maximum yfalda of 15 Igpm of varlabla qual-
ity geesvally bicarbonats, hard wvaters

Tectonic symbols: ~4h—a thrust fault with teeth indlcatise direction of dip; ‘_f— anticline;

Dmh
Dme

Omei

Ombr

g

os

QSk

€cs

‘r\yiems of 25 Igpm of poor to fair quality waters

&1°

MAP

Middle Devonian Hume Formation limestone. xpect maxisem ylalds of
10 Igpm of variable quality generally bicarbemats, hard walars
Middle Devenian Canol Formation shale.
Igpn of pear guality sulphate waters
Middle Daveslan Canol and Hare Indian Formations consisting mainly

of shale, Expect maximun yields of 1 Igpm of poor quality bicarb—
onate-sulphata waters

Expect maximm ylelds of 1

Middla Devomisn Bear Rock Formation dolomite, limestone, and anhyd-
rite. Expect maximum yields of I%) Lge® of very poor quality gene~
rally bicarbseate-sulphate waters

Middle Devonian liare Indian Feormallom shale.
of 1 Igpm of poor quality sulghate watars
Ordovician and Silurian unnamed and undivided dolomite and limest-
=4. Expect maximum yields of 10 Igpm of highly variable quality
gemarally bicarbonate-sulphate waters

Ordovician and Silurian Mount Kimdla Fersation dolomite and anhydr-
ite and Franklin Mtn. Formation dslemits sd shale. Expect maximum
yields of 100 Igpm of generally pser to lecally fair quality bicarb-
onate-sulphate waters

Expect maximm yields

Cambrian Saline River Formatics sshydrite gypsum and salt, Cap Mt.
Formation shale and Mc. Clark Fermation sandstone. Expect maximum
yields of 100 Igpm of poor quality salphate-chloride waters from the
Saline River malt asd ashydrite, 1 Tgsm of poor quality sulphate wa-
ters from the Cap 5. Formation shale, and 7% Igpm of fair quality
waters from the Mi. Clark Formation sandatses

Precarbrian argillite, quartzite, and delemils. Expect maximun

Map 2.
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LEGEND OF GENERALIZED BIDROCK NYDROGEOLOGY MAP
SHOWING GROUND-WATER PROBABILITY ALONC MACKINZTE RIVER VALLEY
FORT SIMPSON TO FORT McPHLRSOM, MONTWWEST TELRRITORILS

The entire study-area is underiain by widespread permafrost in
the discontinuous permafrost zone; also, estimates of

yields refer ts probable, not absolute, maximum figures and to generally
wore highly #lsturbed, fractured, and porous zones within the formations)

Sywbol
T  Tertiary non-marine sand, gravel, conglomerate, shale, sendstone,

coal. Ixpect maximm yields of 50 Igpm of generally fair ta good
quality waters

(Note:

Explanacion

Ku

Upper Cretaceous mainly non-marine sandstone and shale. Expect

maximas yields of 25 Igpm of generally poor to locally fair quality

waters

KI  Lower Cretaceous mainly marine shale and sandstone.
um yields of 1 Igpm of poor quality sulphate waters

Expect maxim—

Kit

Upper Cretaceous Fort St. John Formation shale.
yields of 1 Igpm of poor quality swlphate waters

Expect maximum

K Upper and Lower Cretacesws weeamed asd undivided mainly marine sha-
le and sandstone. Expect maximum ylalds of 5 Igpm of generally
poor quality waters

Carhomiferews (Pennsylvasisn) and Fermian unnamed ‘and undivided sand-

atome wd conplomersts. Cipect maximum ylelds of 25 Igpm of poor
to lecally falr quallty watars

CPa

Dur Upper Devoslss Redknife Formation mainly marine shale with minor
sandstose and livestone. Expect maximum ylelds of 1 Igpm of gener—

ally poor quality waters

BULMER LAKE
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Duy Upser Devestan unnamed mainly non-marine shale, siltstone, limestone, Dmh Middle Devonian Hume Formation limestone. Expect maximum ylelds of
and sandstone. Expect maximum ylelds of 5 Igpm generally poor to 10 Igpm of variable quality generally bicardenate, hard waters
locally fair quality waters Dmc Middle Devesiss Camol Tormation shale. Expect maximum ylelds of 1
Igpm of peer quality sulphate waters
Dui  Upper Devonian Imperial Formation mainly non-marine shale and sand- Dmei Middle Devemlan Casol aad Hare Indian Formations corsisting mainly
stone. Expect maximun yields of 5 Igpm of gemerally poor to locally of shale. Expect maximun yields of 1 Igpm of poor uality bicarb-
fair quality waters onate-sulphate waters
Dmbr Middle Devonian Bear Rock Formation dolomite, limestome, and anhyd-
Duk Upper Devonian Kakisa Formation limestone. Expact maximum yields of rite. Expect maximum yields of 250 Igpm of very poor quality geief
5 Igpu of poor to locally fair. quality bicarhmate warers rally bicarbonate-sulphace waters
Dutt Upper Deveslan Trout River and Tetcho Formatloms cessiating mainly : -
of limestome with minor shale and sendstone. [Capect maximum yields Dehi :éd‘;l;gg:v:g‘;',h:ia;;f:o.:a_{:-:h::i:::i:h' Frpect maxinun yields
of 5 Igpm of poor to locally fair quality gessrsily bicarbonate
waters 0s Ordoviciam amd Silurian wesamed and undivided dolomite and limest-
i one. Expeci maximum yields of 10 Igpm of highly variable quality
Dus Upper Devonian Fort Simpson Formation marims shale and siltstone. generally bicarbonate-sulphate waters
Expect maximum yields of less than 1 Igpm &f gemavally poor qual- OSk Ordovician and Silurias Mewst Kimdla Formation dolomite and anhydr—
ity sulphate waters . ite snd Frasklis Fie. Formstion delomite and shale. Expect maximum
yields of 100 Lgpm of generally poor to locally fair quality bicarb-
Dm Middle Devonian unnamed and undivided maimly carbonate scraca with onate-sulphate waters
minor shale and mshydrite. Lxpect msxises yislds of 250 Igpm of
s Cambrian Saline River Formation anhydrite gypsum and salt, Cap Mt.
varieble quality bickzbsnate-swiphate waters € Formation shale and M. Clark Formation samdstone. Expect maximum
Dmk Middle Drvenian Xes Scarp Formsifon reafal aed othar Limestones. yields of 100 Igpm of poor quality sulphate-chloride waters from the
" Expect maximum ylalds of 100 Igpm of peor Lo lecally fair gualicy falles River salt and anhydrite, 1 Igsm of pesr qualily sulphate wa-
grnerally bicarbonste, hatd vatars ters from the Cap Mt. Formation shale, amd I3 Tgpm of falr quality
waters from the Hr. Clark Formation samdstome
Dmki Middle Cwvoaian Kee Scarp Fermation limestose and Hare Indian cal-
carecus shale. Expect maximun ylelds of 2% lgpm of variable qual- e Precambrian argillite, quartzite, and dolomite. Expect maximum

ity generally bicarbomate, hard waters

Tectonic symbols: 4 chrust fault with reeth indicating direction of dip; + anticline;

yields of 25 Igpm of poor to fair quality waters
* syncline
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RECONNAISSANCE BEDROCK HYDROGEOL OG

'LEGEND OF GENERALIZED BEDROCK WYDROGEOLOGY MAP
SHOWING GROUND-WATER PROBABILITY ALOMG MACKENZIE RIVER VALLEY
FORT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORIES

The entire study-area 1s underlain by widespread permafrost in
the discontinuous permafrost zone;“also, estimates of

ylelds refer to probable, not absolute, maximum figures and to generally
more highly disturbed, fractured, and porous zones within the formations)

Explanation

Tertiary non-marine sand, gravel, conglomerate, shale, sandstone,
coal. Expect maximum yields of 50 Igpm of generally fair to good
quality waters

Upper Cretaceocus mainly non-marine sandstone and shale. Expect
maximum ylelds of 25 Igpm of generally poor to locally fair quality
waters

Lower Cretaceous mainly marine shale and sandstone.
um ylelds of 1 Igpm of poor quality sulphete waters

Expect maxim—

Upper Cretaceous Fort St. John Formation shale. Expect maximum
ylelds of 1 Igpm of poor quality sulphate waters

Upper and Lower Cretaceous unnamed and undivided mainly marine sha-
le md sandstone. Expect maximum yields of 5 Igpm of generally
poor quality waters

Carboniferous (Pennsylvanian) and Permian unnamed and undivided sand-

stone and congloperate, Expect maximum yields of 25 Igpm of poor
to locally fair quality waters

Upper Devonian Redknife Formation mainly marine shale wilh mimer
sandstone and limestone. Expect maximum ylelds of 1 Igpm of gemer-
ally poor quality waters

Dui

Duk
Dutt

Dus

Dmk,

Denki

1z3°

CAMSELL BEND

Q s 0 18

s 3 3 0 B £ E) 30 Kilomatres

Duu Upper Devonian tnnased mainly non-marine shale, siltstome, limestone, OMh

and sendstone, Expect maximum ylelds of 5 Igpm gesarslly poor to
locally fair quality waters

Upper Devonian Imperial Formation maimly mem-mariss shals ssd send-
stone. Expect maximum yields of 5 Lgps of gesarally posr to lecally
fair quality waters

Upper Devonian Kakisa Formation limestone. Expect maximum ylelds of
5 Igpm of poor to locally fair quality bicarbonate waters

Upper Devonian Trout iver asd Tetcha Formations consisting mainly
of limestone with mimsr shale wed smdstone. Expect maximum ylelds

of 5 Igpm of poor to lecally fsir guality generally bicarbonate
waters "

Upper Devonian Fort Simpson Formation marine shale and siltstonme.
Expect maximum yields of less than 1 Igpm of generally poor qual-
ity sulphate waters

Middle Devonian unnamed and undivided mainly carbonate strata with
minor shale and anhydrite. Expect maximunm ylelds of 250 Igpm of
variable quality bicarbonate-sulphate waters

Middle Devonian Kee Scarp Formation reefal and éther limestones.
Expect maximum yields of 100 Igpm of poor to locally falr quelity
generally bicarbonate, hard waters

Middle Devonian Kee Scarp Formation limestene end Hare Indian cal-
carsous shale, Expect maximum yields of 25 Igpm of varisble quel-
ity generally bicarbonate, hard waters

Tectonic symbols: ~4M—ah_thrust fault with teeth indicating direction of dip; + anticline;

‘Fiields of 25 Igpm of poor to fair quality waters

MAP

Middle Devonian Hume Formation limestome. Expect maximum ylelds of
10 1gpm of variable quality generally bicarbonate, hard waters
Kiddle Devonian Canol Formation shale.
Igpu of poor quality sulphate waters
Middle Devonian Canol and Here Indian Formations consisting mainly

of shale. Expect maximum yields of 1 Igpm of poor quality bicarb-
onate-sulphate waters

Expect maximum yields of 1

Hiddle Devonian Bear Rock Formation dolomite, limestone, and anhyd-
rite. Expect maximum yields of 250 Igpm of vary poor quality gene-
rally bicarbonate-sulphate waters
Middle Devonian Hare Indian Formation shale.
of 1 Igpm of poor quality sulphate waters
Ordovician and Silurian unnawed and undivided dolomite and limest-
one. Expect maximum yields of 10 Igpm of highly variable quality
generally bicarbonate~sulphate vaters
Ordovician and Silurian Mount Kindle Formation dolomite and anhydr—
ite and Frasklis Mes. Formaries dslemice and shale. Expect maximum
of 100 Igpm of gesatally peer te locally fair quality bicarb-
slphate waters
Cambrien Saline River Formation anhydrite gypsum and salt, Cap Mt.
Formation shale and Mt. Clark Formation sandstone. Expet maximum
yields of 100 Igpm of poor quality sulphate-chloride waters from the
Saline River salt end anhydrite, 1 Igem of poor quality selphste wa-
ters from the Cap Mt. Formation ahale, ssd I% Igpm of fair guality
watera from the Mt. Clark Formatism samdsCons

Expect max{mum yields

Precarbrian argillite, quartzite, and dolomite. Expwel maximem

Map 4
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RECONNAISSANCE BEDROCK HRYDR

LEGEND OF GENERALLZED BEDROCK HYDROCIOLOCY HAP
SHOWING CROUND-WATER PROBABILITY ALONG MACKINZIE RIVER VALLEY
PORT SIMPSON TO FORT McPHERSON, NORTHWEST TEARITORILS

The estire study-area is underlain by widespresd permafrost in
the discontinuous permafrest rems; alse, estimates of

yields refer to probable, not absejsts, maximum figures and to generally
wore highly disturbed, fractured, and porous zones within the formations)

Explanation

Tertiary non-marine sand, gravel, cenglomerate, shale, sandstone,
coal. Expect maximum yields of 30 Igpm of generally fair to good
quality waters

Upper Cretacesus mainly non-marise sandstone msd shale, Expect
maxiium ylelds of 25 Igpm of gamarally poor to locally fair quality
vaters

Lower Cretaceous mainly marise shale and sandstone. Expect maxim-
um yields of 1 Igpm of poor guality sulphate waters

Upper Cretaceous Fort St. Johm Iermstion shale. Expect maximum
yields of 1 Igpm of poor quality swiphate waters

Upper and Lower Cretsceous unnamed and undivided mainly marime sha=
le and sandstome. Lepact maximum yields of 5 Igpm of generally
poor quality waters

Carboniferous (Pesmaylvanias) and Permian unnased and undivided mamd-
stone and congleserats. Dxpecl maximum yields of 25 Igpm of peer
to locally falr gualily wetars

Upper Devoniss Jafknife Tormation mainly marise whale with minor
sandstone and 1imestome. Dxpect maximum yields of 1 Igpm of gener-
ally poor qualily watars

ROOT RIVER
95K

Q 3. 20 ik
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Duu Upper Devonian unnamed mainly non-marise shale, siltstone, limestems, OmMA
asd aandstome. Expect maximum yields of 5 Igpm geserally poor te
lecally fair quallty waters Dme
Dui  Upper Devoniam Tmperial Forwstlos mafnly mes-sarine shale and samé- Dmci
stone. Expact maximum ylelds af 5 Lgpm of gesstally poor to locally
fair quality watars
Duk Upper Devonian Kakisa Formatidn limestesa. Expect maximes ylelds of Dmbe
5 Igpm of poor to locally fair quality bicarbemete walers
Dutt Uppet Tmvemian Trowt Rfwar and Tetcho Farmatless comslstisg mainly Drri
of limeatons with iser stale and sandaleme, Expect maximm yields
of 5 Igpm of peer te lecally fair quality pemarally bicarbemate
waters 0s
Dus Upper Devemiss Fort Simpson Formation marime shale ssd siltstone.
Lxpect maximem ylalds of less than 1 Igpm of gesarsily peor qual- 0sk
Ity sulphate waters
Dm Middle Devonian unnamed and undivided mainly carbemste strata with
miner shale mnd anhydrite. Expect maximem ylelds of %0 Igpm of <
variable guslity bicarbonate-sulphate waters cs
Dmk Middla Devosism Kea Scarp Fovmation reafal asd eidec limestones.
Expact maximem ylelds of 100 Igpm of poer to lecally fair quality
geserally bicarbosats, bard vaters
Derki Middla Dwvonisn Cea Scarp Fermatios limcutons am re Indian cal-
Expect maximes ylalds of 73 Lgpm of variable qual- p

i1y gessrally blcarbonats, rd watare

Tectonic symbols: <A thrust fault with teeth indicatisg 2irection of dip; —‘— anticline;

‘#1e1ds of 25 Igpm of poor Lo [air quality waters

OGEOL.OGY MAP

Middle Devosisn Neme Tormation Ilmestone. [Expect maximum ylelds of
10 Igpm of varishle guality geserally bicarbenate, hard warers

Middle Devesism Canol Tormalios shale. Ewpect maximum yields of 1
Igpm of poor quality swiphate waters
Hiddla Devesiss Casol med Mare Isdiss Formations consisting mainly
of shals. Expect maximes yields of 1 Igps of poor quality bicarb-

onate-sulphste wvaters

Middle Dewesisn Bear Reck Formation dolomite, limestone, and anhyd-
rite. Expect maximam ylelds of 150 Igpm of very poor quality geme-
rally blearbonata-selphate walirs

Middle Devonian Hare Indian Formaties shale.
of 1 Tgpm of poer quality sulphate waters
Ordovician sad f1lurian unnamed snd endivided dolomite and limest-
@me. Txpacl maxisum yields of 10 Igsm of highly varisble quality
wenarally bicarbonate-suiphsle vatacs

Dréoviciam snd 51leriss Moust Ciadle Forsation dolomite and anhydr-
ite snd Frasilis Mia. Fersatics dolesite and shale. Expect maximum
ylolés of 100 Igpm of geserally poar (o locally fair quplity bicarbr
caate-aulphste waters

Casbriss Sallse Kiver Fevmatics ashydrice gypsum and salt, Cap Mt.
Formation shale and M. Clark Formatios sandstone. ELxpect Bacimem
ylalds of 100 lgpm of pesr quality sulphate—chloride waters from Che
Saline River salt ssd sshydrite, 1 Igpm of poor qualliy sulphate wa-
ters from the Cap Fermatfon shale, and 25 Igps of f[air guality
waters from the Mi. Clark Fermation sandstone

Expect maximm yields

Precambrian argillite, quartrite, and dolomite. Expect maximum
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LEGEND OF GENERALIZED BEDROCK HYDROGEOLOGY MAP
SHOWING GROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY
PORT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORIES

The entire study-area is underlain by widespread permafrost in
the discomtfeuows parma{rest pems: also, estimates of

yields refer to probable, met shaclute, maxisun f{gures ssd Lo generally
more highly disturbed, fractured, and porous zcmes withis the formations)

Explanation

Tertiary sce-sariss sand, gravel, cesglomerate, shale, sandstone,
coal. Expact maximum yields of %0 Igpm of generally fair to good
quality waters

Upper Crefscesus mainly non-marire sasdstone and shale. Expect
maximum ylelds of 25 Igpm of gensrally poor to locally fair quality
waters

Lower Cretaceous mainly marine shale and sandstone. Expect maxim-
um yields of 1 Igpm of poor quality sulphate waters

Upper Cretaceous Fort St. John Formation shale. Expect maximum
yields of 1 Igpm of posr gquality sulphate waters

Upper and Lewer Cretacress wmssed sod wndivided mainly marine sha-
le and sendstese. Expact maximem yislda of 5 Igpm of generally

poor quality waters

Carbonifersus (Pennsylvanian) and Permian unnamed and undivided sand-
stone and comglomerate. Lxpect maximum yields of 25 Igpm of poor

to locally fair quality waters

Upper Devonian Redknife
sasdatens and limestone.
ally poor quality waters

Formation mainly marine shale with minor
Expect maximum yields of 1 Igpm of gener-

DAHADINNI RIVER

q 3 0 M
3 9 3 Q . .5 P B  Pamew
e

Duk
Dutt

Dm

Dmk

Dmki

Upper Devonian wwamed malsly mos-mariss shale, siltstone, limestone,
and sandstone. Lxpact maximem ylaléa of 3 Igpm generally poor to
locally fair quaifty waters

Upper Devonian Imperial Formation meinly non-marine shale and sand-
stone. Expect maximum yields of 5 Igpm of generally poor to locally
fair quality waters

Upper Devonian Kakisa Formation limestone. Expect maximum yields of
5 Igpm of poor to locally fair quality bicarbonate waters

Uppar Devoniss Treut River and Tetcho Formatlems comsistisg meinly
of lisestona with minor shale and sandstone. Lupect maximas yields
of 5 Iggm of posr to locally fair quality geserally blesrbomate
waters

Upper Devonian Fort Simpson Formation marine shale and siltstone.
Expect maximum ylelds of less than 1 Igpm of generally pogr qual-
ity sulphate waters

Middle Devonian unnamed and undivided mainly carbonate strata with
minor shale and anhydrite. Expect maximem ylelds of 250 Igpm of
variabla guality bicarbonate-sulphste watars

Middle Devemisn Kea Scarp Formsticom reefal and other limeslesas.
Expect maximum ylalds of 100 Igpm of pear ta locally fair gquality
generally bicarbonate, nard waters

Middle Devonian Kee Scarp Formation linesteme and Hare Indian cal-
careous shale. Expect maximum yields of 15 lgpm of variable qual-
ity generally hicarbonate, hard waters

Tectonic symbols: ~4h.s thrust fault with teeth indicating direction of dip; —‘—' anticline;
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Middle Devenisn Hume Formation limestone. Expect maximss ylelds of
10 Igpm of variable quality gemerally bicarbonare, hard waters
Middle Devemiam Canol Formatios shale.
Igpm of poor quality sulphats waters
Riddle Devesiss Cancl and Hare Indian Formalises ¢esslstiang mainly

of shale. Expect maximm-yields of 1 Igpm =f poor quality bicarb-
onate-sulphats waters

Expect maximes ylelds of 1

Middle Dewonism Bear Rock Fermatlos dolomite, limestoss, and anhyd-
rite. Expect maximum ylalds of 150 Igpm of very peor quality gene-
rally bicartomste-sulphate watars

Middle Devesiss Hare Indiss Fermation shale.
of 1 Igpm of poor qualily sulphata waters
Ordovician and Silurian wmemed and undivided dolomite and ldmest-
one. Expect maximes ylelds of 10 Igpm of highly variable guailty
generally bicerbonate-sulphate walers

Crdevicim and Siluriss Mount Kindle Fermation delomite and anhydr-
ite and Franklin Mis. Formation dslemiie snd shals. Lapect maximum
yields of 100 Igpm of generally poor to locally fair quality bicarb-
onate-sulphate watars

Expect maximum ylelds

Casbriss Saline River Tormation anhydrite gypsum and salt, Cap Mt.
Formatios shale and Mt. Clark Formation sandstone. Expect maximum
yields of 100 Igpm of poor quality sulphate-chloride waters from the
Salime River salt and anhydrite, 1| Igem of poer quality sulphate wa-
ters from the Cap Mt. Formatios shale, and 23 Igpm of falr quality
waters [rem the Mt. Clark Formation sandstone

Precambrian argillite, quartzite, and dolomite. Expect maximum

\#mlds of 25 Igpm of poor to fair quality waters
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LEGEND OF GENERALIZED BEDROCK HYDROGIOLOGY MAP
SHOWING GROUND-WATER PROBABILITY ALONG MACKINZIE RIVER VALLEY
FORT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORIES

The entire study-ares is underlain by widespread permafrost in
the discontinuous permafrost zone; also, estimates of

yields refer to probable, not absolute, maximum figures and to geserally
more highly disturbed, fractured, and porous zones within the formations)

(Note:

Symbol

T

Explanation

Tertiary non-marine sand, gravel, conglomerate, shale, sandstone,
coal. Expect maximum yields of 50 Igpm of generally fair to good
quality vaters

Ku  Upper Cretaceous mainly non-marine sandstone and shale. Expect
maximm yields of 25 Igpm of generally poor to locally fair quality
vaters

KI

Lower Cretaceous maisly marine shale and sandstone.

Expect maxim—
un yields of 1 Tgpm of poor quality sulphate waters

Kif

Upper Cretaceous Fort St. John Formation shala.
yields of 1 Igpm of poor quality sulphate watsrs

Expect maximum

Upper and Lower Cretaceous unnamed and undiviéed maialy marine sha-
le and sandstone. Expect maximum yields of % Igpm of gemerally
poor quality waters

Carbonifersws (Pennsylvanian) and Permian unnamed and undivided sand-
stone med cenglomerate, Lxpect maximum yields of 25 Igpm of poor
to locally:fair quality waters

Upper Devonian Redknife Formation mainly marine shale with minor
sandstone and limestone. Expect maximum ylelds of 1 Igpm of gener-
ally poor quality waters

RECONNAISSANCE BEDROCK HYDROG

WRIGLEY

950

i : - —E%@o
s ° s o | - 20 ] 30Kilometres
Duy Usper Devonian unnamed salmly mem-sarine shale, siltstone, limestone, Omh
#d sandstone. Expect msximm ylalds of 5 Igpm generally poor to
lacally fair quality weters Dme
Dui  Cpper Devonian Imperial Formation mainly non-marine shale and sand-
y me
stema. Expect maximum yields of 5 Igpm of generally poor to locally
fair quality waters .
Duk Upper Devonian Kakisa Fermatfes 1imesteme. Expect maximum yields of  OMP¥
5 Igpm of poor to locally faér guallty bicarbonate waters
Dutt Upper Devesian Trout River asd Tercha Formations cessisting mainly Drhi
of limestoma with minor shale end sendstone. Expact maximum yields
of % Igpm of poor to locally fair quality generally bicarbonate
watars os
Dus Upper Devonian Fort Simpaon Formation marine shale and siltstone. 5
Expect maximun yields of less than 1 Igpm of generally poor qual- 08k
ity sulphate waters
Dm Middle Devonien unnamed and undivided mainly carbonate strata with
minor ehale and anhydrite. Expect maximum yields of 250 Igpm of €
varlable quality bicarbonate-sulphate waters <3
Dmk_ Middle Devonian Kee Scarp Formation reefal and other limestones.
" Expect maximum ylelds of 100 Igpm of poor to locally fair quality
generaliy bicarbonate, hard waters
Dmki Mid4la Devonian ¥es Scarp Formation limestone and Hare Indian cal-

Tectonic symbols: k. thrust faslt with teeth indicating direction of dip; +— anticline;

careews shale. Expect maximum ylelds of 25 Igpm of variable qual-
ity meserally bicarbonate, hard waters

B
‘#ield.s of 25 Igpm of poor to falr quality waters

63°
20

EOLOGY MAP

Hiddle Devonian ume Fermstfss limestene. Expect maximum yields of
10 Igpm of varisble quality gemerslly bicarbonate, hard waters
Middle Devonian Casel Termatlos shale.
Igpm of poor quality sulphste waters
Hiddle Devonian Canol and Hare Indian Formations consisting mainly
of shale. FExpect maximum yields of 1 Igpm of poor quality bicarb—
onate-sulphates waters

Hiddle Dmvesisn Bear Reck Formation dolomite, limestoms, and anhyd-
rite. [Lxpect maximes yields of 250 Igpm of very poor quality gene-
rally blcarhonate-sulphate watess

Middle Dwvosian Hare Isdies Formation shale.
of 1 Igpm of poor quality sulphate waters
Ordovician and Silurias wesssed and undivided dolomite msd limest-
@ne. Tipasi maximum yields of 10 Igpm of highly vardsbla quality
weserally blcarbonate-sulphate waters

Ordevician and Sllurian Mount Kindle Formation dolomits mnd anhydr—
ite asd Franklis Mtn. Formation dolomite and shale. Exject maximum
yields of 100 Igpm of generally poor to logally fair guailty bicarb-
onate-sulphate walers

Expect maximum yields of 1

Expect maximum yields

Caniriss Salime Kiver Formatiom anhydrite gypsum and ssit, Cap Mt.
Formatiom shale and Mt. Clark Formation sandstone. Expéct maxioum
yields of 100 Igpm of poor quality sulphate-chloride watsrs from the
Salise River salt and anhydrite, 1 Igpm of poor quality sulphate wa-
ters from the Cap Mc. Fermatiom shale, and 25 Igpm of fair quality
waters frow the Mt. Clark Farmstion sandstone

Precazbrian argillite, quartzite, and dolomite. Expect maximum
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LEGEND OF GENERALIZED BEDROCK HYDROGEOLOGY MAP
SHOWING GROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY
FORT SLMFSONM TO FOKT MoPWERSON, NORTHWEST TERRITORIES

The estire study-scsa {s wddrlain by widespread permafrost in
the dlacontisuews parmalreat zone; also, estimates of

yields refer to probable, not sbsolute, maximunm figeres and to gemerally
more highly disturbed, fractured, and porous zones within the formations)

ZExplanacion

Tertiary non-marine sand, gravel, conglomerate, shale, sandatsne,
coal. Expect maximum yields of 50 Igpm of generally fair to good
quality waters

Upper Cretaceous mainly non-marine sandstone and shale. Expect
maximun yields of 25 Igpm of generally poor to locally fair quality
waters

Lower Cretsceows mainly marine shale and sandstone.
un ylelds of 1 Igpm of poor quality sulphate waters

Expect maxim-

Upper Cretacesws Fort St. John Formation shale. Expect maximum
yields of 1 Tgpm of poor quality sulphate waters

Upper ‘and Lower Cretaceous unnamed and undivided mainly marine sha-
le and sandstome. Expect maximum yields of 5 Igpm of generally
poor quality waters

Carbonifersws {Pessaylvanian) and Permian unnamed and undivided sand-
stone and comglometate. Expect meximes yields of 25 Igpm of poor
to locally falr quality waters

Upper Devonian Redknife Fermation mainly marine shale with minor
sandstone and limestone. Expect maximum yields of 1 Igpm of gemer-
ally poor quality waters
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Duu Upper Devonian innamed mainly non-marine shale, siltstone, limestone, Dmh
and sandetese. Ixpect maximm yields of 5 Igpm gendrally poor to
locally falr guality waters Dme
Dui  Upper Devomiss Isparial Formation mainly mee-marine shale and sand- Dmet
stone. [Expect maxioum ylelds of 5 Igpm of generally poor to locally
fair quallly waters
Duk Upper Devonisn Kakisa Formation limesteme. Expect maximum yields of Ombr
5 Igpn @f pear Lo locally Isir qualiey blcsrbonate waters
Dutt Upper Dmvomims Trow: River amd Tetcho Formatiems comsisting mainly Drhi
of limratose with minor shale and sendstone. Zupect maxioum yields
of 5 Igpm of poor o locally fair quality gemerslly bicarbonate
waters os
Dus Upper Devonian Fort Simpson Formation marine shale and siltstone. .
Expect maximum yields of less than 1 Igpm of generally poor qual- 0Sk
ity sulphate waters
Dm Middle Deveniss wwsstd wnd wndivided mainly carbonate strata with
minor shale and mshydrite. Ixpect maximun ylelds of 250 Igpm of <
variable qualily bicarbessta-pulphate waters cs
Dink Middle Devonian Kee Scarp Formacion reefal and other limestones.
Expect maximun yields of 100 Igpm of peor to locally fair quality
generally bicarbonate, hard waters
Dmki Middle Devonian Kee Scarp Formstiom limsstone and Hare Indisn cal-
caresws thale. Expect maximes ylalés of 25 Igpm of varisble qual- [

ity geserally bicarbomale, hard waters

Tectonic symbols: —4—d thrust fault with teeth indicating direction of dip; + anticline;

Middle Devonian Hume Formation limestone. Expect maximum yields of
10 Igpm of variable quality generally hicarbonate, hard waters
Hiddle Devonian Canol Formation shale. Txpect maximum yields of 1
Igpm of poor quality sulphate waters
Middle Devonian Canol and Hare Indian Fermstions consisting mainly
of shale. Expect maximum yields of 1 Igss of poor quality bicarb-
onate-sulphate waters

MiZdle Devoalen Bear Rock Fermation dolemite, limestome, and anhyd-
Tite, Expect maximun yields of 250 Igpm of very poor quality gene-
rally bcarbemate-sulphate waters
Middle Devenian Hare Indism Formation
of 1 lgpm of goor quality sulphate wate
Ordovician and Silurfan wsssmed and undivided dolomite and limest-
oné. Eweil maximun ylelds of 10 Igpm of highly varisble quality
gentrally blzarbonate-sylphate waters

Ordovician and Silurian Mount Kindle Formstion dolomite and anhydr-
ite and Franklin Mtn. Formation dolomit# and shale. Expect maximum
yields of 100 Igpm of generally poor to locally fair geality bicarb-
onate-sulphate waters

Expect maxioun yields

Cambrian $alime River Formation anhydrite gypsws ssd salt, Cap Mc.
Formatfsn shale and Mt. Clark Formation sandstome. Expect maximum
yields of 100 Igpm of poor quality sulphate-chlarids waters frow the
Salime River mall and anhydrite, 1 Igpm of poor guality sulphate wa—
ters from the Cap Mt. Formation shale, and 25 Igpm of fair quality
waters from the Mt. Clark Formatiom sandstone

Precambrian argillite, quartzite, and dolomite. Expect msximum

‘#um- af 25 Igpom of poor to fair quality waters
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RECONNAISSANCE

GEND OF GENERALIZED BEDROCK HYDROGEOLOGY MAP
SHOWING GROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY
FORT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORIES

The entire study-area is underlain by widespread permafrost in
the discontinuous permafroat zone; also, estimates of

yields refer to prabable, not sbsolute, maximun figures and to generally
more highly disturbed, fractured, and porous zones within the formations)

Explanation

Tertiary non-marine sand, gravel, conglomerate, shale, sandstone,
coal. Expect maximum yields of 50 Igpm of gemerally fair to good
quality waters

Upper Cretacecus mainly non-marine sandstone and shale. Expect
maximm yields of 25 Igpm of generally poor to locally fair quality
waters

Lower Cretaceous mainly marine shale and sandatone. Expect maxim-
um yields of 1 Igpm of poor quality sulphate waters

Upper Cretaceous Fort St. John Formation shale. Expect maximum
yields of 1 Igpm of poor quality sulphate waters

Upper and Lower Cretaceous unnamed and undivided mainly marine sha-
le and sandstome. Expect maximum yields of 5 Igpm of generally
poer quality waters

Carbomiferoes (Pennsylvanian) and Permian unnamed and undivided sand-
stose mnd comglomerate. Expect maximum yields of 25 Igpm of poor
to locally fair quality waters

Upper Devonian Redinife Formation mainly marine shale with minor
sandstone and limesione. Expect maximum yields of 1 Igpm of gener-
ally poor quality watera

FORT N“Q RMAN
BEDROCK HYDR
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3 [] 3 [ ) LrY] ), - 30 Kilemetras
Duu Upper Devonian unnamed mainly nwe-marine shale, siltstone, limestone, DOmMh
and sasdutoes. Expect maximum yields of 5 Igpm generally poor to
locally fair guality waters Dme
Dui  Upper Devonian Imperial Formation mainly non-marine shale and sand- Dmci
stone. Expect maximum yields of 5 Igpm of gemerally poor to locally
fair quality waters
Dmbr
Duk Upper Devonian Kakisa Formation limestone. Expect maximum yields of
5 Igpm of poor to locally fair quality bicarbonate waters
Dutt Upper Devonian Trout River and Tetche Formations consisting mainly Dbl
of Itsestone with minor shale a=d samdstone. Expect maximum yields
of 3 Igpm of poor to locally falr guality generally bicarbonate
os
Dus Upper Bevonian Fort Simpsen Formation marine shale and siltstone. y
Expect maximun yields of less then 1 Igpm of gemerally, poor qual- 08k
ity welphate waters -
Dm Middle Devonian umesmed md undivided mainly csrbonaté strata with
ninor shale and ashydrite. Expect maximum yields of 250 Igpm of €
variable quality bicarhomate-sulphate waters cs
Dmk Middle Devonian Kes Scarp Formation reefal and other limestones.
Expect maximum yields of 100 Igpm of poor to locally fair quality
generally bicarbemate, hard waters
Dmki Middle Devonian Kee Scarp Formation limestone and Hare Indian cal-
carcews shale. Expect maximum yields of 25 Igpm of variable qual- e

ity gmearszlly bicarbonate, hard waters

Tectonic symbols: —4h 4 thrust fault with teeth indicating direction of dip; —f— anticline;

OGEOLOGY MAP

Middle Devonian Hume Formation limestone. Expect maximum ylelds of
10 Igpm of varisble geallly geserslly bicarbemate, hard watera
Middle Devonian Camol Fermsties shale. Expact maximum yields of 1
Igpm of poor quality sulphate waters

Middle Devemism Casol and Hare Indian Formations consisting mainly

of shale. Lxpect maximum yields of 1 Igpm of poor quality bicarb-
onate-sulphate waters

Middle Devonian Bear Rock Formation dolomite, limestone, and anhyd-
rite. Expect maximun ylelds of 250 Igpm of very poor quality gene-
rally bicarbonate-sulphate waters

Middle Devonien Hare Indian Formation shale.
of 1 Igpm of poor quality sulphate waters
Ordowi<isn and Silurian unnsmed and undivided dolomite and limest-
one. [Expact maximus yields of 10 Igpm of highly variable quality
generally blcarbonate-sulphate waters

Ordoviclam snd Siluriss Mount Kindle Formation dolomite and anhydr-—
ite amd Frasilin Mts. Formation dolomite and shale. Fapd<t maximum
yielés of 100 Igpm of geserally poor to locally fair quality bicarb-
onate-sulptats waters

Expect maximum yields

Cambriss %allme River Formation anhydrite gypsum and salt, Cap Mi.
Formatles shale and Mt. Clark Formation sendstone. Expect maximem
yielda of 100 Igpm of poor guality sulphate-chloride waters [rem the
Saliwe River salt and anhydrite, 1 Igpm of poor quality sulphsis wa—
ters from the Cap Mt. Formation shale, and 25 Igpm of falr guality
waters from the Mt. Clark Formation sandstone

Precambrian argillite, quartzite, and dolomite. Expect maximum

#ﬂelds of 25 Igpm of poor to fair quality waters

syncline
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RECONNA\SSANCE BEDROCK HYDROGEOL.OGY MAP

LEGEND OF GENERALIZED JEDMOCK WYDROGIOLOGY MAP
SHOWING CROUND-WATER PROBABILITY ALONMC MACKANZIE RIVER VALLEY
FOET SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORIES

The entire study-area is underlain by widespread permafrost in
the discontinuous permafrost zone; ales, esiimates of

ylelds refer to probable, not absolute, maxisws [{gures md to generally
more highly disturbed, fractured, and porous rests wiihis the formations)

Symbol
T

Kl

Kit

Explanation

Tertiary non-marine sand, gravel, conglomerate, shale, sandstone,
coal. Expect maximum yields of 50 Igpm of generally fair to good
quality watera

Upper Cre{sceous mainly non-marine sandstone and shale. Fxpect
maximum ylelds of 25 Igpm of generally poor to locally fair quality
waters

Lower Cretaceous mainly marine shale and sandstone. Expect maxim~
um yields of 1 Igpm of poor quality sulphate waters

Upper Cretaceous Fort St.
yields

lobn Formation shale. Expect maximum

»f 1| Tgpm of poor gualily sulphate waters

Upper and Lowar Crataceous unnamed and undivided mainly marise sha-
le and sandsteme. Ixpect maximum yields of 5 Igpm of generally

poor quality watars

Carboniferous {Pesmaylvanian) snd Permian unnamed and undivided sand-

stone and comglomerate. Lxpect maximum ylelds of 25 Igpm of poor
to locally fair quality waters

Upper Devonian Redknife Formatiss mainly marine shale with minor
sandstone and limestone. Expect maximum ylelds of 1 Igpm of gener-
ally poor quality waters

loll-
| ——
—
) [ ] [ ) %0 i Kioweivs
Duy Upper Devonian unnamed mainly non-narine shale, siltstone, limestone, Dmh
and mandstone, Expect maximum yields of 5 Igpm generally poor to
locally fair quality waters Dme
Dui  Upper Devonian Taperial Formation mainly non-marine shale and sand- Dmeti
stone. Expect maximum yields of 5 Igpm of generally poor to locally
fair quality waters
4 Dmbr
Duk Upper Devonian Kakisa Formation limestons. Lapect maximum yields of
5 Igpm of poor te lecally fair quality blearh
Dutt Upper Devonian Trout River and Tetcho Formstlems cosaisting mainly Dol
of limestone with minor shale and sandstoss. Lxpect maximum yields
of 5 TIgpm of poor to locally fair quality generally bicarbonate
watera 0s
Dus Upper Devonian Fort Simpson Formation marine shale and siltalese. .
Expect maximum yields of less than 1 Igpm of generally poor gual- 0sk
ity sulphate waters
Dm Middle Devonian unnamed and uméivided mainly carbesate scrata with
minor shale and ashydrite. Expecl maximum yields of 250 Igpm of s
variable quslity bicarbonate-sulphsie waters <
Dmk Middle Devonian Kes Scarp Formation reefal and other limestones.
Expect maximum ylelds oE 100 Igpm of poor to locally fair quality
generally bicarbemsts, hard waters
Dmki Mi{ddle Devonian Kew Starp Formation limestems ssd Mare Indian cal-
careous shele. Expect maximum yields of 23 Lgym of varisble qual- p

ity generally bicarbonate, hard waters

Tectonic symhols: — A~ thrust {aslt with teeth indicating direction of dip; —f— anticline;

#mu of 25 Igpm of poor to fair quality waters

Middle Devonian Hume Formation limestone. [wpect maximum yields of
10 Igpm of variable quality generally bicarbonate, hard waters
Middle Devonian Canol Formation shale. Expect maximum yields of 1
Igpm of poor quality sulphate waters

Middle Devonian Canol and Hare Indian Formations consisting mainly
of shale. Expect maximum yields of 1 Igpm of poor quality bicarb-
onate-sulphate waters

Middle Devonian Bear Rock Formation dolomite, limeateme, and anhyd-
rite. Expect maximun yields of 250 Igpm of very poer quality gene-
rally bicarbonate-sulphate waters

Middle Devonian Hare Indian Formarfon shale.
of 1 Igpm of poor quality sulphats waters
Ordovician and Silurian unnsmed and undivided dolomite and limest—
one. Expect maximum yielés of 10 Igpm of highly variable quality
generally bicarbonate-sulphate waters

Ordevician and Silurian Mewst Kindle Formation dolomite and anhydr-
ite snd Franklin Mtn. Formation dolomite and shale. Expect maximum
yielés of 100 Igpm of generally poor to locally fair quality bicarb-
onate-sulphate waters

Expect maximun yields

Cambrian Saline River Formation anhydrite gypsum and salt, Cap Mt.
Formation shale and Mc. Clark Formation sandstone. Expect maximum
ylelds of 100 Igpm of poor quality sulphate-chloride waters from the
Saline River salt and anhydrite, 1 Igpm of poor quality sulphate wa-
ters from the Cap Mi, Fermstion skile, and 25 Igpm of fair quality
waters from the Mi. Clark Fermation aandstone

Precambrian argillite, quartzite, and dolomite. Expect maximum
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RECONNAISSA

LEGEND OF GENERALIZED BEDROCK HYDROGEOLOGY MAP

SHOWING GROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY

FORT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORIES

The entire study-area is underlain by widespread permafrost in
the discontinuous permafrost zone; also, estimates of

yields refer to probable, not absolute, maximum figures and to generally
more highly disturbed, fractured, and porous zonee within the formations)

Explanation

Tertiary non-marine send, gravel, conglomerate, shale, sandstone,
coal. Fxpect maximum ylelds of 50 Igpm of generally fair to good
quality waters .
Upper Cretaceous mainly non-marine sandstone end shale. Expect
maximum ylelds of 25 Igpm of generally poor to locally fair quality
vaters

Lower Cretaceous mainly marine shale and sandstone. Expect maxim-
um yields of 1 Igpm of poor quality sulphate waters

Upper Cretaceous Fort St. John Formation shale. Expect maximum
yields of 1 Igpm of poor quality sulphate waters

Upper and Lower Cretsc#esa unnamed and undivided mainly marine sha-
le and sandstone. Expact maximum ylelds of 5 Igpm of generally

poor quality waters

Carboniferous (Pennsylvanisn) and Permian unnamed and undivided sand-
atone and conglomerate. Expect maximum yields of 25 Igpm of poor

to locally fair quality waters

Upper Devonian Redknife Formation mainly marine shale with minor
sandstone end limestone. Expect maximum yields of 1 Igpm of gener-
ally poor quality waters

o
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Upper Devonian unnamed mainly non-marine shale, siltstone, limeatone,
and sandstone. Expect maximum yields of 5 Igpm generally poor to
locally fair quality waters

Uppar Devonian Tmperial Formation mainly non-marine shale snd sand-
stome. Expect maximum ylelds of 5 Igpm of generally poor to locally
fair quality vaters

Upper Devonian Kakiss Formation limestone. Expect maximum yields of
5 Igpm of poor to locally fair quality bicarbonate waters

Upper Deven{ss Troat River and Tetche Pormatisss cessisting mainly
of limestons with minor shale and semdafoms, Ixpect maximum yields

of 5 Igpm af poor to locally fair quality memerally bicarbonate
waters

Upper Devonian Fort Simpson Formation marine shale and siltstone.

Expect maximum ylelds of less than 1 Igpm of generally poor qual-
ity sulphate waters

Middle Devonian unnsmed and undivided mainly carbonate strata with
minor shale and anhydrite. Expect maximam ylelds of 250 Igpm of
variable quality bicarbonate-sulphate waters

Middle Devonian Ees fcarp Formaition reefal and other limestones.

" Expect maximum yields of 100 Igpm of poer to locally fair quality

generally bicarbesste, hard waters

Middle Dmvenian Kea fcarp Formation limestone and Hare Indian cal-
carecws shale. Ixpect maximum yields of 23 Igpm of variable qual-
ity generally blcarbonate, hard waters

Tectonic symbols: —4h—s thrust fault with teeth indicating direction of dip; —f— anticline;

—
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20 Miley

Middle Devonian Hume Formatiom limestone. Expect maximum yields of
10 Igpm of variable quality gesarally bicarbonate, hard waters
Middle Devonian Canol Formstiem shale. Expect maximum yields of 1
Igpm of poor quality sulphate waters
Middla Cwvonian Canol and Hare Indian Formations consisting mainly
of shale. Expect maximum yields of 1 Igpm of poor quality bicarb-
onate-gulphate waters

Middle Devonian Bear Rock Formation dolomite, limestone, and anhyd-
rite. Expect maximum ylelds of 250 Igpm of very poor quality gene-
rally bicarbonate-sulphate waters

Middle Devonian Hare Indian Formation shale.
of 1 Igpm of poor quality sulphate waters
Ordovician and Silurian unnamed and undivided dolomite and limest-
one. Expect maximum yields of 10 Igpm of highly varisble quality
gemarally blesrbosate-sulphate waters

Ordovicles ssd 5llerian Mount Kindle Formation dolomite and anhydr-
ite and Frasklis Mmn, Formation dolomite and shale. Expect maximum
yields of 100 lgpm of generally poor to locally fair quality bicarb-
onate-sulphate waters

Cambrian Saline River Formation ashydrite gypsum sed salt, Cap Mt.
Formation shale and Mt. Clark Formstles sesdatons. Expe<t maximum
ylelds of 100 Igpm of poor quality sulphate-chloride waters from the
Saline River salt and anhydrite, 1 Igpm of poor quality sulphate wa-
ters from the Cap Mt. Formation shale, and 25 Igpm of fair quality
waters from the Mt. Clark Formation sandstone

Expect maximm yields

Precambrian argillite, quartzite, end dolomite. Expect maximum

‘;*ylelds of 25 Igpm of poor to fair quality waters

syncline
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LEGEND OF GENERALIZED BEDROCK HYDROGEOLOGY MAP
SHOWING GROUND-WATER PROBABILITY ALOMG MACKINIIL RIVER VALLEY
FORT SIMPSON TO FORT McPMIRSON, NORTMWEST TLARITORIES
(Note: The entire study-area is underlain by widespread permafrost in
the discontinuous permafrost pow %0, eatimates of
yields refer to probable, not sbsclete, maximes ({gures and to generally
more highly disturbed, fractured, and porows roses within the formations)

Symbol xplanation

Tertiary non-merine sand, gravel, conglomerate, shale, sandstone,
coal. Expect maximum yields of 50 Igpm of generally fair to good
quality waters

T

Upper Cretaceous mainly non-marine sandstone and’ shale. Expect
maximm yields of 25 Igpm of enerally poor to locally fair quality
waters

Kl

Lower Cretaceous mainly marine shale and sandstone.
um yields of 1 Igpm of poor quality sulphate waters

Expect maxim-

Upper Cretaceous Fort St, John Formation shale.
yields of 1 Igpm of poor quality sulphate waters

Expect maximum

K Upper and Lower Cretaceous unnamed and undivided mainly marine sha-
le and sandstons. Erpect maximum yields of 5 Igpm of generally
poor quality weters

Carboniferous (Femmaylvanian) and Permian unnamed and undivided sand-

4tcee end conglomerate. Expect maximum yields of 25 Igpm of poor
to lacally fair quality waters

CPa

Dur Upper Devonims Redknife Formation mainly marine shale with minor
sandstone and lisestome. Expect maximum yields of 1 Igpm of gener-

ally poor quslity waters
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Upper Devonian unnemed mainly non-marine shale, siltstone, limestone,
and sandstoee. Expect maximun ylelds of 5 Igpm generally poor to
locally falr quality waters

Upper Devonian Imperial Forsatics maimly non-marine shale and sand-
stone. Expect maximum y{slds of 3 [gpm of generally poor to locally
fair quality waters

Upper Devonian Kakisa Formation limestone. Expect maximum yields of
5 Igpm of poor to locally fair quality bicarbonate waters

Upper Devonian Trout River and Tetcho Formations consisting mainly
of limestone with minor shale and sandstone. Expect maximum yields
of 5 Igpm of poor to locally fair quality generally bicarbonate
waters

Upper Devonian Fort Simpson Formation marine shale and siltstone.
Expect maximum yields of less than 1 Igpm of generally poor qual-
ity sulphate waters

Middle Devonian unnamed and undivided mainly carbonate strata with
minor shale and anhydrite. Expecl maximum ylelds of 250 Igpm of
variable quality bicarbonate-sulphate waters

Middle Devonian Kee Scarp Formstiom reefal and other limestones.
Expect maximm ylelds of 100 gz of poor to locally fair quality
generally bicarbonate, hard watars

Middle Devonian Kee Scarp Formation limestoss « Indten cal-
careous shale. Expect maximun ylelds of 23 Tgpm of varisbls qual-
ity generally bicarbonate, hard waters

Tectonic symbols: 4 thrust fault with teeth indicating direction of dip; + anticline;
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\Fyields of 25 Igpm of poor to fair quality waters

RECONNAISSANCE BEDROCK HYDROGEOLOGY MAP

Middle Devonian Hume Formation limestsne. Expect maximum yields of
10 Igpm of varisble quality generally bicarbonate, hard waters
Middle Devonian Canol Formation shale. Expect maximum yields of 1
Igpm of poor quality sulphate waters

Middle Devonian Canol and Hare Indian Formations consisting mainly
of ehale. Expect maximum yields of 1 Igpm of poor quality bicarb-
onats-sulphate waters

Middle Devonian Bear Rock Formation dolomite, limestone, and anhyd-
rite. Expect maximm yields of 250 Igpm of very poor quality gene-
rally bicarbonate-sulphate waters

Middle Devonisn Hare Indian Formation shale.
of 1 Igpm of poor quality sulphate waters
Ordovician and Silurian unnamed and undivided dolomite and limest-
one. Expect maximum yields of 10 Igpm of highly variable quality
generally bicarbonate-sulphate waters .

Ordovician and Silurian Mount Kindle Formation dolamita and anhydr—
ite and Franklin Mtn. Formation dolomite and shale. Expect maximum
yields of 100 Igpm of generally poor to locally fair gmality bicarb~
onate-aulphate waters

Expect maximm ylelds

Cambrian Saline River Formation anhydrite gypsum asé malt, Cap Mt.
Formation shale and Mt. Clark Formation sandstone. Expect maximum
ylalds of 100 Igpm of poor quality sulphste-chloriée watera from the
Salime River salt and anhydrite, 1 Igpm sf poor quality sulphate wa-
ters from the Cap Mt. Formation shale, and 25 Igpm of fair quality
waters from the Mt. Clark Formation sandstone

Precambrian argillite, quartzite, and dolomite. £xpect maximum

synecline
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RECONNAISSA

LEGEND OF GENERALIZED BEDROCK WYDROCXOLOGY MAP
SHOWING GROUND-WATER PROBABILITY ALONC MAOCINZIE RIVER VALLEY
FORT SIMPSON TO FORT McPHERSON, NONTWWIST TERRITORIES

The entire study-area is waderlain by widespread permafrost in
the discontinuous permafreat zone; also, estimates of

yields refer to probable, not absslete, maximum figures and to generally
more highly disturbed, fractured, ssd porous zones withia the formations)

Symbol
T  Tertiary non-marine sand, grawel, conglomerate, shale, sandstone,

coal. Expect maximum yields of 50 Igpm of generally fair to good
quality waters

(Note:

Exglanation

Upper Cretaceous mainly non-marine sendstone and shale. Expect
paximum yields of 25 Igpm of gemerally poor to locally fair quality
waters

Ki

Lower Crecaceous mainly marine shale and sandstone.
um yields of 1 Igpm of poor quality sulphate waters

Expect maxim—

Kif

Upper Cretaceous Fort St. John Formation shale. Expect maximum

yields of 1 Igpm of poor quality sulphate waters

K Upper and Lower Cretsceous wnamed and undivided mainly marine sha-
le and sandstone. Expecl waximum yields of 5 Igpm of generally

poor quality waters

Carbont ferous (Penmsylvaniss) and Permian unnamed and undivided sand-

stone and conglomersts. Lixpect maxioum yields of 25 Igpm of poor

to locally fair quality waters

Upper Devonian Redknife Formation mainly marine shale with minor

sandstone and limestone. Expect maximum yields of 1 Igpm of gemer-

ally poor quality waters
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Upper Devonian Gnnamed maisly soe-marise shale, siltstone, limestone,
and sandstone. Exprct maximes ylalds of 3 Igpm generally poor to
locally fair quality waters

Upper Devenian Imperial Formation mainly non-marine shale and sand-
stone. Lxpect maximum yields of 5 Igpnm of generally poor to locally
fair quality waters

Upper Devonian Kakisa Formation limesteme. Expect maximum yields of
5 Igpn of poor to locally fair qualily bicarbomate walers

Upper Devesias Trow: River asd Tetcho Formatioss comsistisg maisly
of limestona with misor shale and sandstone. Expect maximem ylalds

of 5 Igpm af peer o locally falr guality generally bicarbonate
waters

Upper Devonfan Fort Simpson Formation marine shale and siltstone.
Expect maximss ylelds of less than 1 Igpm of generally poor qual-
ity sulphats walers

Hiddle Devesism wmased and undivided mainly carbonate strata with
minor shale sed sshyérite. Expect maximum ylelds of 250 Igpm of
variable quallty ‘:lrl(l?nnste-sulyhate waters

Middle Devonian Kee Scarp Formation reefal and other limestomes.
Expect maximum yields of 100 Igpm of poor to locally fair quality
generally bicarbonate, hard waters

Middle Devonian ¥es Scarp Formstios limeslose and Hare Indian cal-
careous shale. Expact maximem ylelds of I3 Igpm of varisble qual-
ity generally bicarbonate, hard waters

Tectonic symbols: A thrust fault with teeth indicating direction of dip; -—f—— anticline;
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Middle Devonien Hume Formation limestome. Expect maximum yields of
10 Igpm of variable quality generally bicarbonate, hard waters
Middle Devontan Canol Formation shale. Expect maximum yields of 1 .
Igpm of poor quality sulphate waters
Middle Devonian Canol and Hare Indian Formatices cesaisting matnly
of shale. Expect maximum yilelds of 1 Igpm of peer quality bicarb-
onate-sulphate waters

Middle Devonian Bear Rock Formation dolomite, Iimestene, and anhyd-
rite. Expect maximum yields of 250 Igpm of very pesr quality genme-
rally bicarbonate-sulphate waters

Middle Devonian Hare Indian Formation shale.
of 1 Igpm of poor quality sulphate waters
Ordovician and Silurian unnamed and undivided dolomite and limest-
one. Expect maximum yields of 10 Igpm of highly variable quality
generally bicarbonate-sulphate waters

Ordovicien and Silurian Mount Kindle Formatlom delomite sad anhydr—
ite and Franklin Metn. Formation dolomite mnd shale. KExpect maximum
yields of 100 Igpm of generally poor to locally fair guality bicarb-
onate-sulphate waters

Expect paximum ylelds

Cambrian Sallse River Formation anhydrite gypsum and salt, Cap Mt,
Yormatfon shale and Mt. Clark Formation sandstone. Expect maximum
ylalds of 100 Igpm of poor quality sulphate-chloride waters from the
Saltne River malt and anhydrite, 1 Igpm of poor quality sulphate wa-
ters from the Cap Mt. Formation shale, and 25 Igpm of fair quality
waters from the Mt. Clark Formation sandstone

Precambrian argillite, quartzite, and dolomite. Expect maximum

Map 13
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RECONNAISSANCE

LEGEND OF GENERALIZED BEDROCK HYDROGEOLOGY MAP
SHOWING GROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY
FORT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORILS
(Note: The entire study-area is underlain by widespread parmafrsst in
the dlacemtisuwows permafrest zone; also, esiiBates of
yields refer te probable, mot sbsolete, maximum figures and to generally
more Mighly disturbed, (ractured, snd porous zones withia the formations)

Symbol Explanation
T  Tertiary non-marine sand, gravel, conglomerats, shale, sandstone,

coal. Expect maximum yields of 50 Igpm of gesérally fair to good
quality waters

Ku  Upper Cretaceous mainly non-narine sandstess and shale. Expect

maximum yields of 25 Igpm of generally poer to locally fair quality

waters

Kl

Lower Cretaceous mainly marine shale and sandstone.
un ylelds of 1 Igpm of poor quality sulphate waters

Expect maxim-

Kit

Upper Cretaceous Fort St. John Formation shale.
yields of 1 Igpm of poor quality sulphate watera

Expect maximum

K Upper and Lower Cretaceous unnamed and undivided mainly marine sha-
le and sandstone. Expect maximum yields of 5 Igpm of generally

poor quality waters

Carboniferous (Pennsylvanian) and Permian unnased asd undivided sand-

stone and conmglemerate. Expect maximum yields of I3 Igpm of poor

to locally fair quality waters

Upper Devonian Redknife Formation mainly marine shale with minor
smmdstone and limestone. Expect maximum yields of 1 Igpm of gener—
ally poor quality waters

125°
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Duu  Upper Devonims wmmased mafaly non-marine shale, siltstone, limestone, Dmh Middle Devonian Hume Formaiiss Ifmestams. Expect maximm yields of
and sandstons. Expect maximun yields of 5 Igpm generally poor to 10 Igpm of varisble quality gesarslly bicarbonate, hard waters
locally fair guality waters Ome Middle Devonian Canol Formstfsa ah Expect maximum yields of 1
Igpm of poor quality sulphare waters
Dui  Upper Devoniss Isperial Tormation mainly non-marine shale and sand- Dmci Middle Devonian Canol and Have Indlas Fermatisms c maisting mainly
stone. Expect maximsn ylalds of 5 Igpm of generally poor to locally of shale. Expect maximum ylelds of 1 [gpm of poor quality bicarb-
fair quality waters onate~sulphate waters
Dmbr Middle Devonian Bear Rock Formation dolomite, limestone, and anhyd-
Ouk gpper De;'misn Kskisa Fem?t;m llmesror;e- ixpeu maximum yields of rite. Expect maximun yields of 250 Igpm of very poor quality gene
Igpm of poor to locally fair quality bicarbonate waters rally bicarbonate-sulphate vaters
Dutt Upper Devonian Trout River and Taicho Formations comsisting mainly Omhi Middle Devonisa Nare Indiss Permstie
of limestone with minor shale and sandstone. Expect maximum ylelds i of 1 Igpm ofi;u‘::u:q ...T,E::. u:zZ}:h. Frpect mexinn yields
of 5 Igpm of poor to locally fair quality generally bicarbonate 2
waters OS  Ordovicien and Sllarian unnaned and undivided dolomite and 1fmest—
one. Expect maximum yields of 10 Igpm of highly varisble quality
Dus Upper Devonian Fort Simpson Formation marine shale and siltatone. _ generally bicarbonate-sulphate waters
Expect maximm yields of less than 1 Igpm of generally poor qual- 08k Ordovician and Silwrlsn Mount Kindle Formation dolomite mmd anhydr-
ity sulphate waters {te and Franklis Ms. Formation dolomite and shale. Expeet maximum
ylelds of 100 Lgpm of generally poor to locally fair quality bicarb-
Dm Middle Devonian unnamed and undivided mainly carbonate strata with onate-sulphate waters
e e e T epach naximus ylalds of 230 Igpm of €cs  Cambriss Salime River Formation anhydrite gypsum and salt, Cap Mt.
variable quality bicarbonate-sulphate waters Formatlem shale and M. Clark Formation sandstone, [Expect maximum
Dmk Middle Devonian Kee Scarp Formaiion reefal and other limestones. ylelds of 100 Iggm of poor quality sulphate-chlorids waters from the
' Expect maximum yields of 100 Igpm of poor to locally fair quality Salime River salt and snhydrite, 1 Igpm of poor quality sulphate wa-
generally bicarbonate, hard waters ters from the Cap Mt. Formation shale, and 25 Igpm of fair quality
waters from the Mt. Clark Formation sandstone
Dmki Middle Devonian Kee Scarp Formation limestone and Hare Indian cal-
careous shale. Expect maximum yields of 25 Igpm of varlable qual- B Precambrian argillite, quartzite, and dolomite. [Lxpesi maximum

ity gemerally bicarbonate, hard waters

Tectonic symbols: ~# M thrust fault with teeth indicating direction of dip; + anticline;

yields of 25 Igpm of poor to falr quality waters
‘1*\ syncline
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RECONNAISSANCE BEDROCK HYDROGEOLOGY MAP

SHOWING GROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY
FORT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORIES

Tha esire stedy-area {n wnderlais by widespresd parmafrost in
the élacontinucus persalroat pons; alse, eatimates of

yields refer to probable, not absolute, maximum figures and to generally
more highly disturbed, fractured, and porwus roves within the formarions)

(Note:

ol Explanation

T Tertiary non-marine sand, gravel, comglomerate, shale, samdalone,
coal. [xpect maximum yields of 50 Igpm of generally fair te gesed
quality waters

Ku Upper Cretaceous mainly non-marine sandstone and shala. Expast

maximm yields of 25 Igpm of generslly poor to lacally fatr quality

waters

K1 Lower Cratacesus mainly marine shale and sandstome. Expect maxim—

um yields of 1 Igpm of poor quality sulphate waters

KIf  Upper Cretacecws Fort 5t. John Formation chale.

Expect maximum

yields of 1 Igpm of poor quality sulphate waters

K Upper and Lower Crefaceous unnamed asd wndivided msisly marine sha-
le and sandstone. Expect meximum yields of 5 Igpm of generally
poor gquality waters

CPa Carbemiferous (Pennsylvanian) and Permiss winamed and undivided sand-
stoms and conglomerate. Lxpect maximum ylelds of 25 Igpm of poor

to lecally fair quality waters

Dur Upper Deveniss Redknifs Formafion mainly marine shale with minor
sandstone mnd limestons.

Expect maximum yields of 1 Igpm of gener—
ally poor quality waters

9 5 © 20Mites
0 ° ] [3 ) E) F) 0 Klomeine
Duu Upper Devontan uinsmed mainly non-merine shale, siltstone, limestone, Dmh Middle Devonian Hume Formation limestone. Fxpect maximun yields of
ad nendatose. Expect maximum ylelds of 5 Lgpm gencvally poor to 10 Igpm of varisble guality generally blcarbonate, hard waters
lecally falt qualicy waters Dmc Middle Devealss Camol Formation shale. Expect maximum yields of 1
Igpm of pewr quality sulphate waters
Dui  Upper Devonian Imperial Formatiss malsly nen-marine shale and sand- Dmgl Middle Devonian Canol and Hare Indian Formations consisting mainly
stone. Expect maximum yielés of 5 Lgpm of gemtrally poor to locally of shale. Txpsct maximum ylelds of 1 Igpm of poor quality bicarb-
fair quality waters onate-swlphate waters
Dmbr Middle Devesiss Bear Rock Formaties delemite, limestone, and anhyd~
Duk Upper Deveslas Kskisa Formation limestone. [Expect maxismen yields of Tite. Expect maximum yields of 1% Igpm of very poot quality pesc-
5 Igpm of poer le locally fair quality bicarbemate watsrs rally bicarbonate-sulphate vaters
Dutt Upper Devesfam Trout River and Tetcho Formatlems comslsting mainly i Middle Des i
of Livestone with miscr shale and sandstoms. Expect seximnm yields — O 4% Igpm"':'f"::‘;L{;ﬁ“‘;j&‘:‘:‘:;’:‘l‘t:::“‘ Expect maxtmum yields
of 5 Igpm of pocr te lacally fair quality semarslly blcarbonate
waters 0S  Ordovictan asd Silurlan esnsmed asd wndivided dolomite and 1imest—
@oe.  Ergact maxisws ylelds of 10 Igpm of highly varisdle quality
Dus Upper Devonian Fert Smpson Formtion marime wd wiltstone. . eenerally blcarbomate-sulphate vaters
Expect maximum yields ol less than 1 Igpm of gemarally peor qual- QOSk Ordovician and Silurian Mewst Ximdla Fermation dolomits and anhydr—
ity sulphate waters ite and Franklin Mtn., Formsiios &s)omité ssd shale. Expect maximum
yields of 100 Igpm of gemerally goor to lecally fair quality bicarb-
Dm Middle Devonian unnamed and undivided majmly carbomats strata with onate-sulphate waters
minor shale and amhydrite. Expect maximus yields of 252 Igpm of e -
cs  Cambrias Salime River Formstics ashydrite gypasm and sall, Cap Mt.
varisble quality bisarbsaste-sulphate vaters Formacion shale and Mo. Clark Forsxtlen samdstone. Expact maximun
Dmk Middle Dewvesiss Lee fcarp Formatlos reefal and other limestones. ylelds of 100 Igpm of poor guality walphate-chloride waters {rem the
Expect maximum yields of 100 Igpm of peor te lecally fsir quality Salise River salt amd sshydrite, 1 Igpm of peor quality welphate wa-
generally bicarbonate, hard waters ters (rom the Cap M. Formation shale, sad 23 Igpn of falr quality
vaters from the M. Clark Formation samdstone
Dmki Mi#4ls Davonian Kee Scarp Formaties limestoms and Hare Indian cal-
caresws shale. Expect maximum yialds of I3 Iggm of variable qual- P Frecasbriss argillite. quartzite, and dolomite. Expect maximam
ity geeerally bicarbonate, hard wetars ylelds of 15 Igpm of pesr ta fair quallly waters
Tectonic symbols: ~&—a- thrust fault with teeth indicating direction of dip; —f—— antic)ine; ‘!\ syncline
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RECONNAISSA

LEGEND OF GENERALIZEDP BEDROCK HYDROGEOLOGY MAP
SHOWING GROUND-WATER PROBABILITY ALONG MACXINZIE RTVER VALLEY
FORT SIMFS08 TO FORT McPHIRSOM, NORTIWEST TERRITORITS

The entice study-area is underlals by widespread pormafrost in
the discontinuous permafrost zone; also, estimates of

yields refer ta prebadle, not absolute, maximum figures and to generally
more highly disterbed, fractured, and porous zones within the formatioms)

Symbol
T

Ku

Kl

Kit

CPa

Dur

Explanation

Tertiary meo-sarine sand, gravel, conglomerate, shale, sandstone,
coal. Expect maximum yields of 50 Igpm of generally fair to good
quality waters

Upper Cretaceous mainly non-marine sandstone and shale. Expect
maximum yields of 25 Igpm of penerally poor to locally fair quality
waters

Lover Crefsceews mainly marine shale and sandstone. Expect maxim-
um yields of 1 lggn of poor quality,sulphate waters

Upper Crefaceous Fort St. John Formation shals.
yields of 1 Igpm of poor quality sulphate vaters

Expect maximum

Upper and Lower Cretaceous unnamed amd wndivided mainly marime sha-
le md sandstose. Expect maximem ylelds of 3 Igpm ol gemerally
poer quality waters

CarbomifaTous (Pennaylvanian) and Permian unnamed and undivided sand-

sleme mnd conglomerate. Lxpect maximum yields of 25 Igpm of poor
to lecally fair quality waters

Uppar Dxvonism Kedinife Formstios ssisly marise shale with minor
nandstone and limestons. Fapact maximes vields of 1 Igpm of gener-
ally poor quality waters

Tectonic symbols: &

NCE BEDRO
8 g 3 §°

FORT GOOD HOPE

(S s L Sl e T ——]

Duk
Dutt

Dus

Dm

Dmk,

Dmki

° s 0 s
Upper Devonian wnaamed malaly aos-sarise shal
md sandatone, Expact maximem yla
locally falr quallty vaters

20 k-

sllcatone, limestone,
of 3 Igpm generally poor to

Upper Devesisn loperial Formation mainly non-marine shale and sand-
stone, Lxpect maximum yields of 5 Igpm of generally poor to locally
fair quallty vaters

Upper Devonian Kakisa Formation limestone. Expec! maxtmum yicl¥s of
5 Tgpm of poor to locally fair quality biecarbemats watlers

Uppar Devonian Trout River and Tetche Farmaticss comsisting malaly
of limestone with minor shale and sandatose. [xpect maximes ylelds
of 3 Igpm of poor to locally fair quality gemarally bicarbonate
waters

Uppar Devonian Fort Simpson Formation mariss shale and siltstone.
Expect maximum ylelds of less than 1 lgsm of geserally. poor qual-
ity swlphate waters :
Middle Devonian unnamed and undivided mainly carbomate strata with
minor shale and sshydrite. Expect maximum ylelds «f 190 Igpm of
variable quality bicarbenate-sulphate waters

Middle Devonian Fes Scarp Formstlion reefal and ethar limestones.

Expect sasimem ylelds of 100 Igpm of poor to loeally falr quality
genarally bicartesste, hard waters

Middle Devonian Kes Scarp Formation limesrone and Hare Indian cal-
careous ghale. FExprct maximem ylalds of I3 lgpm of variable qual-
ity generally bicarbomate, hard vaters

thrust fault with teeth indicating direction of dip; ‘1L anticline;

0 Kilometres

Dmh

0sk

€cs

yieldx of I3 Igpm of poor to fair quality waters
‘;\ syncline

< rite.

CK HYDROGEOLOGY MAP

Middle Devonian Huma Formatios limeatome. Expect maximem ylalds of
10 Igpm of variable quality gacerslly bicarhomste, hard waters
Middle Devoniar Cassl Formation shale.
Igpm of poor quality smlphate waters
Middle Devonids Casol snd Hare Indian Formations consistisg mainly
of shale. [Expect maximum ylelds of 1 Igpm of poor quality bicarb—
onate-sulphate waters N .
Middle Deveslan Besr Reck Fersmatfos dolemite, limestona, ssd anhyd-
Expect maximam ylalds of 230 Iggm of very poor guality gene-
rally bicarbosste-sulphste vatars
Middle Devonian Mare Indian Formation shale.
of 1 Igpm of poor quality sulphate waters
Oréswician med Silurias winamed and undivided dolomite and limest-
ofe. [Expact maxioun y(alds of 10 Igpm of highly variable quality
gemarally blcarbonate-sulphate waters
Ordovician ead Silurlas Mount Kindle Fermation dolomite and anhydr—
it¢ mmd Frasklin Mto. Fecmation dolomite and shale. Expect maximum
ylelds of 100 Igpm of geserally poor to locally fair quality bicarb-
onate-sulphate waters
Cambrien $allme River Fermation anhydrite and salt, Cap Mr.
Tormatiss shale and Mt. Clark Formation sasdstoss. Expect maximum
ylelds of 100 Igpm of peer quality sslphste-chloride waters from the
Salims River salc and sshydrite, 1 lgsm of poor quality swlphate wa-
ters from the Cap Mt. Farmatios shals, and 25 Igpm of falr guality
waters from the Mt, Clark Formst{se sandstone

Expect maximum yields of 1

Expect maximam yields

Precastclas srgillite, quartzite, and dolomite. Expect maximum

Map 16
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RECONNAISSANCE BEDROCK HYDROGEOLOGY MAP

LEGEND OF GENERALIZED BEDROCK HYDROGEOLOGY MAP L1
SHOWING GROUND-WATER PROBABILITY ALONG MACKINZIE RIVEIR VALLEY
FORT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORIES

(L] bl

(Note: The entire study-area is underlain by widespread permafrost in

the discoutinuows parmafvest nsat| slss, satimetes of Duy Upper Devonian unnamed mainly non-marine shale, siltstone, liseatcne,
yields refer to probadla, mot sdsolets, saximes [igeres amd 1o generally and sandstone. Expect maximum yields of 5 Igpm generslly poor Lo
more highly disturbed, fractured, and porous zones within the formations) locally fair quality waters
Symbol Explanation Dui  Upper Devonien Imperial Formation mainly non-marine shale and d-
stone. Expect maximum yields of 5 Igpm of generally peer te lecally
T Tertiary non-marine sand, gravel, conglomerate, shale, sandstome, fair quality waters
coal. Expect maximum yields of 50 Igpm'of generally fair to good :
quality waters Duk Upper Devonian Kakisa Formation limestone. Expect maximum yields of
5 Igpm of poor to lecally fair quality bicarbonate waters
Ku  Upper Cretaceous mainly non-marine sandstone and shale. Expect Dutt Upper Dmvesias Trowt Kiver and Tetcho Formations consisting mainly
maximum yields of 25 Igpm of generally poor to locally fair quality of limestone with missr shale and sandetone. Expect maximum yields
waters of 5 Iggm of peor to lecally fair quality generally bicarbonate
KI  Lower Cretaceous mainly marine shale and sendstone. Expect maxim- waters
um yields of 1 Igpm of poor qualliy sulphate vaters Dus Upper Devonian Fort Simpson Formation marine shale and siltstone.
KIf Upper Cretaceous Fert Si. John Formation shale. Expect maximum Expect mexinup yields of less then 1 Igpm of generally poor qual-
yields of 1 Igpm of pest quality sulphate waters Yy sulphate
K Upper and Lover Cretaceses uem and undivided mainly marine sha- DM Middle hevoslss wsamed s wnéivided mainly carbonate strata with

. minor shale ssd ssbydrite. Expect maxioum yields of %) Igpm of

le ané samistone. Expect maximem yields of 5 Igpm of generally Dimiable uility bLaNASEMETIghate waters

poor guality waters "

¢ Middle Devonian Kee Scary Fermation reefal and other limestones.

Expect maximum yielés #f 100 [gpm of poor to locally fair quality
generally bicarbonate, hard waters

CPa Carbomifersus (Fenmsylvasiss) sné Permian unnamed and undivided sand- Dmk,
stone amd cosplomerste. Crpect maximum yields of 25 Igpm of poor
to locally falr qualily weters

Dmki Middle Devomisms ¥ee Scarp Formation limestone and Hare Indian cal-
caresws shala. Fxpect maximum yields of 25 Igpm of varisble qual-
ity geserslly bicarbemate, hard waters

Tectonic symbolg: —#h & thrust fault with teeth indicating direction of dip; + anticline;

Dur Upper Dwveslss Fedknife Tormstion mainly marine shale with minor
sandalone and limestoms. [xpect waximum yields of 1 Lgpm of gener-
ally poor guality waters

Dmbr

i

0s

0sk

Hiddle Devonian Hume Formation limestone. Expect maximum ylelds of
10 Igpm of varistle quality generally bicarbonate, hard waters
¥ladle Devesian Canol Formation shale, Expect maximum yields of 1
Tigm of poor quality sulphate waters

¥il4dle Devostan Canol and Hare Indian Formations consisting mainly
of shals. Expect maximum yields of 1 Igpm of poor quality bicarb-
onate-sulphate waters

Middle Devonian Bear Rock Fermatisa dolomite, limestone, and anhyd-
rite. Expect maximum yields of I3 Igpm of very poor quality gene-
rally bicarbonate-sulphate waters

Middle Devonian Hare Indims Formation shale. Expect maximum yields
of 1 Igpm of poor quality mulphate waters

Oréavicien and Silurian wessed and undivided dolomite and limest-

3 phate vaters

Ordovician and Siluriss Mewst Xindle Formstiom &elomite and anhydr—
ite and Franklin Mtn. Formstiss dolomite snd shale. Expect maximum
yields of 100 Igpm of gemerally poor to lecally fair quality bicarb-
onate-sulphate waters

Cambrian Salise River Formation anhydrite gypsem #nd salt, Cap Mt.
Formation shale and Mt. Clark Formation ssmdstose, Expect maximum
yields of 100 Igpm of poor quality smlphate-ihloride waters from the
Saline River salt and anhydrite, 1 Igss of pesr quality sulphate wa-
ters from the Cap Mt. Formation shale, and 23 Igpm of fair qualicy
waters from the Ht. Clark Formatfen smmdstena

Precambrian argillite, quartzite, and dolomite. Expect maximum

\Fyields of 25 Igpm of poor to fair quality waters

eymectine Map 17
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RECONNA|SSANCE

GEND OF GENERALIZED BEDROCK HYDROGEOLOGY
SHOWING GROUND-WATLR FROBABILITY ALONG MACKENZIE RIVER VALLEY
FORT SDMFI% TO FORT McPHERSON, NORTHWEST TERRITORIES
(Note: The entire stedy-acea is underlain by widespread permafrost in
the discontinuous permafrost zome; also, estimates of
yields refer to probable, not absolute, maximum figures end to generally
more highly disturbed, fractured, and porous zones within the formations)

Symbo
T  Tertiary nom-marine sand, gravel, conglomerate, shale, sandstone,

. coal. Expect maximum yields of 50 Igpm of generally fair to good
quality waters

Explanation

Ku  Upper Cretaceous mainly non-marine sandstone end shale. Expect
paximum ylelda of 25 Igpm of generally poor to locally fair quality
waters

Kl Lower Cretaceous mainly marine shale and sandstone. Expect maxim—
um yields of 1 Igpm of poor quality sulphate waters

KIf  Upper Cretaceous Fort St. John Formation shale. Expect maximum

ylelds of 1 Igpm of poor quality sulphate waters

K Upper and Lower Cretaceous unnamed and undivided mainly marine sha-
le and sandstone. Expect maximum ylelds of 5 Igpm of generally
poor quality waters B

CPg Carboniferous (Pennsylvanian) and Permien unnamed and undivided sand-
stone and cemglomerate. [Crpect maximum yields of 25 Igpm of poor
to locally fabr qualiiy waters

Dur Upper Devonian Redknife Formation mainly marine shale with minor

sandstone and limestone.

Expect maximum ylelds of 1 Igpm of gener-
ally poor quality waters

Tectonic symbols: -« thrust fault with teeth indicating direction of dip; + anticline;

L

Duu

Dmk,

Denki

)
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Upper Devonian unnamed mainly non-marine shale, siltstone, limestone,

and sandstone. Expect maximm yialds of 3 Igpm generally poor to
locally fair quality waters

Upper Devonian Imperial Formation maimly mon-marine shale and sand-
of generally poor to locally

stone. Expect maximum yields of % 1
fair quality vaters

Upper Devonien Kakfss Forsation 1lsestoss.
5 Igpm of poor to locally falr qualily bicarbonate waters

Upper Devonian Trowt River and Tetcho Formations censisting mainly
of limestone with misar shale and sandstone.

of 5 Igpm of posr (e laecally fair quality gemerally bicarbonate
watera :

Upper Devonian Fort Simpson Formation marine shale and siltstome.
Expect meximum yields of less than 1 Igpm of generally poor qual-
1ty sulphate waters

Middle Devonian unnemed and undivided mafaly carbosate strata with
minor shale and enhydrite. Expect maximem ylalds of 250 Igpm-of
variable quality bicarbonate-sulphate waters

Middle Devonian Kee Scarp Formation reefal and other limeatones.
Expect maximum yields of 100 Igpm of poor to locally fair quality
generally bicarbonsix, hard waters

Middle Devonian Kee Fcarp Formation limestone and Hare Indian cal-

careous shale. Expect maximum ylelds of 25 Igpm of varieble qual-

ity generally bicarbonate, hard waters

Expect maximum ylelds of

Expect maximum yields

O Miometves.

Dmh
Dme

Dmel

Dmbr

i

0os

oSk

\#111\13 of 25 Igpm of poor to falr quality waters

BEDROCK HYDROGEOLOGY MAP
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Middle Devonian Bume Tormation limestone. Expect maximum yields of
10 Igpm of variable quality generally bicarbomate, hard waters
¥Middle Devonisn Canol Formation shsle. Expect maximum yields of 1
Igpn of poor quality sulphate waters
Middle Devenian Canol and Hare Indian Formations consisting mainly
of shale. Expect maximum ylelds of 1 Igpm of poor quality bicarb-
onate-sulphate waters

Middle Devonian Bear Rock Formation dolomite, limestone, and anhyd-
rite. Expect maximum yields of 250 Igpm of very poor quality gene-
rally bicarbonate-sulphate waters

Middle Devonian Mare Indian Formation shale.
of 1 Igpm of pesr quality sulphate waters
Ordovician and $ilurien unnamed and undivided dolomite and limest-
one. Expect maximum ylelds of 10 Igpm of highly variable quality
generally bicarbonate-sulphate waters

Ordovician and Silurian Mount Kindle Formatiom dolomite and anhydr-
ite and Franklin Men. Formation dolomite and shale. Expect maximum
ylelds of 100 Igpm of generally poor to locally fair quality bicarb-
onate-aulphate waters

Expect paximun yields

Cambrisn Salime River Fermation anhydrite gypsum and salt,eCap Mt.
Formation shale and M:. Clark Formation sandstone. Expect maximum
yields of 100 Igps of pesr quality sulphate-chloride waters from the
Saline River salt and sshydrite, 1 Igpm of poor quality sulphate wa-
ters from the Cap Mi. Tormation shale, and 25 Igpm of falr quality
waters from the Mi. Clark Formation sandstone

Precambrian argillite, quartzite, and dolomite. Expect maximum

Map 20
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LEGEND OF “‘GENERALIZED BEDROCK HYDROGEOLOGY MAP
SHOWING GROUND-WATER PROBABILITY ALONG MACKENZIE RIVER VALLEY
FURT SIMPSON TO FORT McPHERSON, NORTHWEST TERRITORIES

The entire study-area is underlain by widespread permafrost in
the discontinuous permafrost zone; alsw, estimates of

ylelds refer to probable, not absolute, maximum figares and to generally
wore highly disturbed, fractured, and porous zoses withim the formations)

(Note:

Symbol Explanation
T  Tertiary non-marine sand, gravel, conglomerate, shale, sandstone,

coal. Expect maximum yields of 50 Igpm of generally fair to good
quality waters

Upper Cretaceous mainly non-marine sandstone and shale. Expect
maxinum yields of 25 Igpm of generally poor to locally fair quality
waters

Kl Lower Cretaceous mainly marine shale and sandstone. Expect maxim—
um yields of 1 Igpm of poor qualiry sulphate waters

Kit

Upper Cretaceoua Fort St, John Formation shale. Expect maximum
yields of 1 Igsm of poor quality sulphate waters

K Upper and Lower Cretaceous unnamed and undivided mainly marine sha-
le and sandstone. Expect maximum yields of 5 Igpm of generally

poor quality waters

Carboniferous (Pennsylvanian) and Permien unnamed and undivided sand-
stone and congloverate. Expect maximum yields of 25 Igpm of poor

to locally fair quality waters

Upper Devom{ss Radinife Formation mainly marine shale with minor
sandstess sad llmestone.- Expect maximum yields of 1 Igpm of gener-
ally pear quality waters

RECONN AISSANCE BEDROCK HYD

ARCTIC RED RIVER
106N

s o 3 g 20 Miles.

3
Ouwu

Dui

Om

Dmk .

Dmki

L] ‘ 1) t- -]
Upper Devonian innamed mainly non-marine shale, siltstone,.limestone,
1

and sandstone. Expict maximam of % Igpm génerally pobr to -
locally fair quallty watefs

i .
Upper Devenisn Imperial Formation mainly non-marine shble and sand-

stone. Expe<t maximum yields of 5 Igpm of gemerally poor to locally
fair quality waters

Upper Devonian Kakisa Formation limestone. Expect maximum yields of
5 1gpm of poor to locally fair quality bicarbonate waters

Upper Devonian Trout River and Tetcho Formations consisting mainly
of limeatone with minor shale and sandstone. Expect maximum yields
of 5 Igpm of poor to locslly fair quality generally bicarbonate
waters ‘

Uppar Dwvonian Fort Simpson Formation marine shale and siltstone.
Expect maximum ylelds of less than 1 Igpm of generally poor qual-
ity sulphate waters

Midéle Devonian unnamed and undivided mainly carbonate strata with
miner skale and anhydrite, Expect maximum ylelds of 250 Igpm of
variable quality bicarbonate-sulphate waters =

Middle Devonian Kee Scarp Formatfes reefal and other limestones.
Expect maximum ylelds of 100 Igps af poor to locally fair quality
gematally bicarbonate, hard waters

Middle Devonian Kee Scarp Formatiss limestone and Hare Indian cal-
careous shale. Expect maximum ylalds of 25 Igpm of varisble qual-
ity generally bicarbonate, hard waters

Tectonic symbols: —# & _thrust fault with teeth indicating direction of dip; + anticline;

30 Kiiometren
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Dmei

Dmbr

Dmh
0s

0sk

\-t_:“m of 25 Igpm of poor to fair quality waters
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-

Middle Devonian Hume Formation limestone. Expect maximum yields of
10 Igpm of varisble quality gemarsily blcarbomate, hard waters
Middle Devonian Canol Formation shale. Expect maximum ylelds of 1
Igpm of poor quality sulphate waters

Hiddle Devonian Canol and Hare Indian Formations consistisg mainly
of shale. Expect maximum yields of 1 Igpm of poor quality bicarb-
onate-sulphate waters

Middle Devonian Bear Rock Formation dolomite, limestone, amd anhyd-
rite. Expect maximum yields of 250 Igpm of very poor quality gene-
rally bicarbonate-sulphate waters

Middle Devonian Hare Indian Formation shale.
of 1 Igpm of poor quality sulphate waters
Ordovicien and Silurian unnamed and undivided dolomite and limest-
one. Expect maxisws yields of 10 Igpm of highly varisble quality
generally bicarbosate-sulphate watars

Ordovician and Sileriss Hount Kinéle Formation dolomite and anhydr-
ite and Franklin M. Formation dolomite and shale. Expect maximum
yields of 100 Igps #f generally poor to locally fair quality bicarb-
onate-gulphate watars

Cambrias Saline River Formation anhydrite gypsum and salt, Cap Mt.
Formatien shale and Mr. Clark Formation sandsteome. Expect maximum
ylelds of 100 Igpm of poor quality sulphate-chloride waters from the
Saline River salt and snhydrite, 1 Igpm of pser quality sulphate wa—
ters from the Cap Mt. Formatiom shals, and 25 Igpm of fair quality
waters from the Mt. Clark Formatiss samdstone

Expect maximum yields

Precambrian argillite, quartzite, snd dolomite. Expect maximum

Mop 2/
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(Note: The entirs stwdy-arva fe wmderlals by vidsspread persafrost in D Middle Devonian Hume F
the discontinuews parmsfrest rons; alse, estimates of Duu Upper Devonian unnamed mainly non-marine shale, siltstone, limestone, Dmh o g oyontan Hume ormation limestone. Expect maximum ylelds of
ylelds refer te probable, not absolure, maximum figures mnd o gesarslly w4 smdatome. Expect maximum yields of 5 Igpm generally poof to Igpm of variable quality generally bicarbenate, herd waters
more Mighly dsturbed, fractured, and porous zones withis tha formetlems) lscally fair quality waters Dmc Middle Devonian Canol Formation shale. Expect maximum ylelds of 1
) Igpm of poor quality sulphate waters
Symbol Explanation Dui  Upper Devonlan Imperial Formation mainly non-marine shale and sand-  Dmel Middle Devonian Canol and Hare Indian Formations consisting mainly
stone. Expect maximum ylelds of 5 Lgpm of generally poor to locally of shale. Expect maximum yields of 1 Igpm of poor quality bicarb-
T Tertiary non-marine sand, gravel, conglomerate, shale, sandstone, fair quality waters onate-sulphate waters
coal. Expect maximum yields of 50 Igpm of generally fair to good : Riédle Dmvonien Bear Rock a1 1 -
quality vaters Duk Usper Devonian Kakisa Formation lmestone. Expect maxioum ylelds of Y yiio® [t BA Rock ormicn dojontte, linestome, and ahyd-
5 Igpm of peer to lecslly fair quality bicarbonate waters rally bcacbonate-sulphate waters
Ku  Upper Cretaceous mainly non-marine sandstone and shale. Expect Dutt Upper Devesisa Trowt Rivar and Tetcho Formations consisting mainly Db Hids u
maximum yields of 25 Igpm of generally poor to locally fair quality of limeatens wilh miser sbale and sandstone. Expect maximum yields i of ;l:s:v;";w.::.:::-.\.,x‘:m:i:::::h. Expect maxima ylelds
waters of 5 lgpm of poer to Locally fair quality gemerally bicarbonate 05 Ordovicies ek S 4 and undivided dol
rdoviciam and §lluries wmsmed and undivided dolomite and limest-
waters
K Laser Sretacesus maindy mﬁ;’“ﬁﬂ;&:hs:'l‘dh::di:g:i; Expect maxim- one. Expact maximes ylalds of 10 Igpm of highly variable quality
b 8p poor 4 Y sulpt Dus Upper Devonian Fort Simpson Formation marine shale and siltstone. generally bicarbonate-sulphate waters
Espect maximum yields of less than 1 Igpm of generally poor qual- 08k Ordovician and Silurian Mount Kindle Formaticm dalomite and anhydr—
Fort St. John Formation shale. Expect
e ot 2 Tape of poos qualicy muiphave vaters oo i 1ty sulphate vaters 1te and Franklin Men. Formation dolomite and shale, Expect maxtmm
yields of 100 Igpm of generally poor to locally fair quality bicarb-
K Upper and Lover Cretaceous unnamed and undivided mainly marine sha- DM :i:doi’s:':ﬁ“::: ::;::‘}t:“d ;“‘rg:‘c’td;ix‘;‘l:::lzxiﬁ’;"::‘;sg‘;;; ‘;i“‘ onate-sulphate waters
le and sandstone. Expect maximum yields of 5 Igpm of generally s €cs  Cambriss Saline River Formation anhydrite gypsum and salt, Cap Mt.
poor quality waters varisble quality bicarbonate-sulshate waters Tormaties shale and Mi. Clark Formation sandstone. Expect maximum
o _  Dmk Middle Devonlam fes Scarp Formailem reefal and other limestonmes. yields of 100 Igpm of pesr quality sulphate-chloride waters [rem tha
CPa c“b"““s"“’ ipe"“s{”““é’“) :"d "j“’"‘““iz‘{:“"‘*‘} ;’;"1“",‘:‘:;"*3;“" " Expect maximwm ylalds of 100 Igps of yoor to locally fair quality Salise River salt and sshydrite, 1 Igpm of poor quality swlphate wa
i;"‘l‘:ezlycz"‘fr"x:;: Hgii maxinum ylelds of &p P generally bicarbessta, hard waters ters [rom the Cap Mt. Formation shale, and 25 Igpm of falr quality
N waters from the Mt. Clark Formation sandstone
Dmki Middle Devonian Kee Scarp Formaties limestone and Hare Indian cal-
Dur UP": ""“‘_‘:If'm”' '°:"“‘:' "i“ly “;:if"; ’lf‘aiel"i;ho'?"::er_ careous shale. Expect maximum yislds of 25 Igpw of varisble qual- [3 Precambrian argillite, quartzite, and delosite. Lxpect maximum
:;‘{y ;:‘: qunlitv.f:'::.rl: Frprct maximum y ° &P & ity generally bicarbonate, hard waters yields of 25 Igpw of poor to fair quallty waters
. i Tectonic synbols: <& thrust fault with teeth indicating direction of dip; -—f— anticline; ‘7‘\ syncline Map 22
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RECONNAISSA»NCE BEDROCK HYDROGEOLOGY MAP

LEGEND O¥ GENERALIZED BEDROCK WYDROGEOLOGY MAP

SHOWING GROUND-WAFTR PROBABILITY ALOMG MASXINILE RIVER VALLEY

FORT SIMPSON T FORT McPHERSON, MONTWWEST TERRITORIES

(Note: The entire stwiy-area is underlain by widespread permafrost in
the discontimweus permafrost zome; also, estimates of Duu Upper Devonian unnamed mainly non-marine shale, siltstone, limesrone,
yields refer to probable, not absoluts, maximem figeres asd to generally and sandstone. Expect naximem ylelds of 5 Igpm genarally posr Lo
more highly disturbed, fractured, ss# porsws remes withls the formations) locally fair quality waters
Symbol Explanatfon Dui  Upper Devonian Imperial Formation mainly non-marine shale and smsd-
stone. Expect maximum ylelds of 3 Igpm of generally poor to locally
T Tertiary non-marine sand, gravel, conglomerate, shale, sandstone, fair quality vaters
coal. Expect maximum yields of 50 Igpm of generally fair to good
quality vaters Duk Upper Devonian Kakiss Formstles limestone. Expect maximum ylelds of
5 Igpm of poor to latally falr qealiiy bicarbonate waters
Ku Upper Cretaceous mainly non-marine ssndstone and shale. Expect Dutt Upper Devemfan Trow! Eiver ssd Tetcho Fermations consisting mainly
maximum yields of 7% Igpe of generally poor to locally fair quality of limestoma with miser shala and sandsiene. Expect maximum yields
waters af 5 Igpm of poor to locally fair quality generally bicarbonate
®l Lower Cretaccous mainly marine shale and samdsiona. Lrpactl saxis- vaters
wm ylelds of 1 Igpm of poor quality auvlphate waters Dus Upper Devemiam Fort §impaca Tormstios marims shale and siltatose.
) Iy pos 1-
Kif  Upper Cretaceous Fort St. John Formation shale. Expect maximum Expoct niliewm yieldn.of eas e} o o menuii lyr peak
ylelds of 1 Igpm of poor quality sulphate waters Y P =
Middle Devonian unnamed sid wndlvided salaly carbomate strata with
K Upper and Lower C“!L‘:eous umimmed sm:dundtvéd:d matnly mBril’lli sha- Dm i a0 and anhydrite. Eepact macimem yialds of 130 Lzym of
q
. - ‘ - Dmk Misdle Devesian Kes Scars Fermation reefsl and sthar Linestones.
Cpo Carbonifercus (Riaimiutam)esié ?:f“.""&-"'::i :‘I"‘J;;d‘:;“‘d Expect maxisun yields of 100 [gps of peor to locally fair quality
g s ‘?";’1‘(’::;;: Moo roc ettt RO P generally blcarbonste, bard vaters
s locally fai ¥ waters
Dmki 1441 < Kew Se Formation limextons sed e Indisn cal-
Dur Uppar Devonisn Bedialfe Forsstics maisly marise shale wich mimer i ki:._-:'::.::. r“;'l":i‘"“_“n“ S Lot ol catanle o
-ﬂ-'n--. mdli:mn;ra Expect maximan vields of 1 Igpm of gemer- ety e vt
ally poor quslity vaters
Tactemic aywbals: —@_a_ thrust fault with teeth Indicatice &lrectl of & "‘“"— mticline;

0sk

Middle Devonian Hume Formation limestone. Expect maximum yislds of
10 Tup® of varlable guallty geserally bicarbonate, hard wsters
Middle Devemlss Casol Formation shale.
Igpm of poor quality sulphate waters
Middle Devenimn Camol and Hare Indian Formations ceesistimg mainly

of shale. Expect maximum ylelds of 1 Igpm of poor quality bicarbe
tnate-gsulpbate watacs

Expect maximum ylelds of 1

Middle Devomlam Bear Rock Fermatfos dolomite, limesteme, asd anhyd-
rite. Expect maxiswm yields of 1% Igpm of very peer guality gene-
rally bicarbemate-sulphate watars

Hiddle Devonian Hare Indisn Fermsiion shale.
of 1 Igpm of poor quality swiphsle waters

Ordevicien sed Silurisn unsssed s undivided dolomite and limest-
@ne.  Lxpact maximun yields of 10 Igpm of highly variable quality
generally bicarbonate-sulphate waters

Ordovician and Silurian Mews! Eisdle Fermation dolomite and anhydr-
ite and Franklin Mtn, Fermatiss &olomiie and shale. Dapect maximum
ylelds of 100 Igpm of generally poor to locally fair guality bicarb-
onate-sulphate waters

Expesl manimem ylelds

Cembrian Saline River Formation anhydrite gypswn and sait, Cap Mt.
Formation shale and Mt. Clark Formation sasdstsne. Tipect maxinum
ylelds of 100 Tgom of poset quality sulphste-chlorids waters from the
Saltse River malt asd ashydrite, ) Igpm of 9oor quality sulphate wa-
ters from the Cap M1, Tormatios shale, ssd I3 Igpm of fafr quality
walars from the Mi. Clark Formst tone

[rs

Procasbrisn argillite, guartzite, and dolamits.

Expect maximum
143 of I35 Igsm of paor to fair quality waters
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