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ABSTRACT 

This   repor t   presents ,  i n  two  volumes,  the  f indings  of  an exp lo ra to ry  

d r i  1 1  ing  program  carr ied  out   to   evaluate the qual i t y  and q u a n t i t y  of 

bo r row  ma te r ia l   i n   t he  Ya-Ya Lake  esker-kame  complex  on  Richards I s land ,  

N.W.T. The work was commissioned  by  the Arct ic   Pet ro leum  Operators  

Associat ion and f i e l d   s u p p o r t  was provided  by  Imperial  Oil Limi ted.  

The f i e  

lmperia 

to   ob ta  

I d  program was conducted 

1 Oi 1 Becker  harmer d r i  1 

in   subsur face  data.  Gra 

d u r i n g   A p r i l  and e a r l y  May of  1975. The 

1 and a Mayhew 1000 r o t a r y   r i g  were  used 

i n   s i z e  and  moisture  content  analyses 

were performed i n  a f i e l d   l a b o r a t o r y  and aggregate  analys is   for   purposes 

of  c o n c r e t e   s u i t a b i l i t y   t e s t i n g  was c a r r i e d   o u t   i n  Edmonton. 

The s t r a t i g r a p h y  o f  th is   impor tant   source of  cons t ruc t i on   ma te r ia l  has 

been in terpreted  f rom  the  borehole logs. Zones o f  massive  ground  ice, 

up t o  55 fee t   t h i ck ,  were mapped throughout  the  borrow  area. The g ranu la r  

ma te r ia l  was found t o  be well   graded sand  and g rave l   con ta in ing  few 

f i nes .  The gravel  i s  c e r t a i n l y   s u i t a b l e  for  a l l  types o f  f i l l  c o n s t r u c t i o n .  

Fu r the r   t es t i ng   i s   requ i red   t o   adequa te l y  assess i t s   ove ra l l   pe r fo rmance  

a s  a concrete  aggregate. 
4 

The q u a n t i t y   o t ' e x p l o i t a b l e   b o r r o w   m a t e r i a l s  has  been conserva t i ve l y  
I 

est imated  a t  9.A mill ion  cubic  yards.  I t  i s   a d v i s e d   t h a t   p i t   p l a n n i n g  

will be compl icated by the  presence of massiv i   bodies  of   ground  ice 

which will requ i re   cons ide ra t i on  on an i nd i v idua l   bas i s .  I t  i s  recommended 

tha t   t he   ove ra l l   ope ra t i on  be monitored by an   eng ineer ing   geo log is t  

u t i l i z i ng   t he   da ta   p resen ted   he re in   wh i l e   supp lemen t ing . th i s   w i th   ac tua l  

f i e l d   o b s e r v a t i o n s .  
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ABSTRACT 

Page i 

This report presents, in two  volumes, the findings  of  an  exploratory 

drilling program  carried out to evaluate  the  quality and quantity of 

borrow  material in the Ya-Ya Lake esker-kame  complex on Richards  Island, 
N.W.T. The  work  was  commissioned by the  Arctic  Petroleum  Operators 
Association and  field support  was  provided by Imperial Oil Limited. 

The  field  program  was  conducted during April and early May of 1975. The 

Imperial Oil Becker hammer d r i l l  and a  Mayhew 1000 rotary rig were used 

to obtain  subsurface data. Grain s i z e  and  moisture  content  analyses 

were  performed in a field  laboratory  and  aggregate  analysis for purposes 
of  concrete  suitability testing was  carried out in Edmonton. 

The 5 

been 

u p  to 
mater 

t 

i 

I 

ratigraphy of this important source of  construction material has 

nterpreted from the  borehole logs. Zones of  massive ground ice, 

55 feet thick,  were mapped throughout the borrow area. The  granular 

a1 was found  to be well graded sand and gravel containing  few 
fines.  The gravel is certainly  suitable fo r  all types of fill construction. 
Further  testing i s  requi  red to adequately  assess its overall performance 

as a concrete  aggregate. 

The  quantity of' exploitable borrow materials has been conservatively 

estimated at million  cubic  yards. I t  is advised that pit planning 

wi 1 1  be compl icated by the presence o f  massive  bodies of ground ice 

which will require  consideration on an individual basis. I t  i s  recommended 

that the  overall operation be monitored by an  engineering  geologist 

utilizing the data presented  herein  while  supplementing this with actual 

field  observations. 
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I .  INTRODUCTION 

1 . 1  Scope 

EBA Engineer ing  Consul tants   L imi ted (EBA)  was r e t a i n e d  by Imperial  Oil 

L i m i t e d  (IOL) f o r  the   Arc t i c   Pe t ro leum  Opera tors   Assoc ia t ion  (APOA) t o  

car ry  out  an e v a l u a t i o n  o f  the Ya-Ya gravel   deposi ts   in   the  area  immediate ly  

s o u t h   o f  Ya-Ya Lake on  Richards  Is land,  in  the  Mackenzie  Del ta.  The 

study  area i s  o u t l i n e d  on the   l oca t i on  map, F igu re  1 .  A need f o r  t h i s  

study  arose i n  response to  the   h igh  demand f o r  g ranu la r  f i l l  and concrete 

agg rega te   i n   t he   no r the rn   pa r t  o f  the  Mackenzie  Delta. The study has 

inc luded an est imate of the  volume of  recoverable  granular  borrow 

m a t e r i a l ,  an assessment o f  t h e   q u a l i t y  o f  t he   ma te r ia l  and  recommendations 

f o r   e x p l o i t a t i o n   o f   t h i s   i m p o r t a n t   b o r r o w   s o u r c e .  

Severa l   gravel   borrow  p i ts  have  been  developed i n   t h e  Ya-Ya esker  complex 

d u r i n g   t h e   l a s t   f o u r   y e a r s ,   p r i m a r i l y  f o r  the  purpose o f  bu i l d ing   exp lo ra -  

t o r y   d r i l l   i n g  pads (Drawing 8 2 ,  Appendix B). Most s t o c k p i l i n g   o p e r a t i o n s  

were c a r r i e d   o u t   d u r i n g   t h e  summer months w i th   g rave l   hau ls  comnencing 

when i t  was s a f e   t o   t r a v e l  on i c e  and snow roads, 

1.2  P rev ious   l nves t i qa t i ons  

Some b o r r o w   e v a l u a t i o n   d r i l l i n g  has been c a r r i e d   o u t  i n  the  Richards 

Is land  area by Imper ia l  Oil L i m i t e d   i n   c o n j u n c t i o n   w i t h   G u l f  Oil dur ing  

August, 1972. I n   a d d i t i o n  a genera l   inventory  o f  g ranu la r   depos i t s   i n  

the  Richards  Is land area has  been c a r r i e d   o u t  by o the rs  f o r  the  Department 

of Ind ian and Northern A f f a i r s  (Reference 5) and the   Arc t i c   Pe t ro leurn  

Operators  Associat ion  (Reference 4 ) .  Both o f  these  surveys   resu l ted   in  

c a l c u l a t e d  volume est imates o f  gravel  borrow i n  the w e s t e r n   t h i r d  of the 

Ya-Ya esker (Basel ine A area) .  However, t hese   resu l t s  were  based on 

on ly  a few borehdles,  and t e s t   p i t s  o f  sha l l ow   pene t ra t i on .   W i th   t h i s  
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in mind a g r i d  pattern of boreholes  was  established to enable  accurate 

stratigraphic sections and  contour maps to be made.  Consequently a more 

reliable  volume  calculation  was  possible. 

1.3 Field Dri 1 1  ing Program 

1.3.1 Genera 1 

The  field drilling program  commenced on April 19, 1975 and was  terminated 
May 4, 1975. A total of 299 boreholes  were  completed during that time. 

Two  rigs,  the IOL Becker drill and MacDonald  Drilling's  Mayhew 1000, 

both with  depth  capabilities in the order of 100 feet were  chosen for 
this study. 

The  accommodations and logistic support for drilling and engineering 

personnel were  provided by Imperial Oil Limited at the  construction  camp 

on site  (Site  Location  Plan), 

1.3.2 Survey i ng 

Previous drilling results and airphoto  interpretation  were  combined to 
outline the  extent o f  the  esker-kame  complex,  which i s  shown on Drawing 

B 2 .  A grid system  was  adopted to ensure easy  identification and location 

o f  the  boreholes.  Three  major  baselines,  namely A ,  B and C, were located 
in a manner that roughly  parallels the trend o f  the  ridges o f  exposed 
gravel.  These  major  areas a r e  outlined on Drawing E2 and  the baselines 

are  shown on Drawing's B 3 ,  84 and S5. Canadian  Engineering  Surveys 

Limited  was  contracted to lay out the grid and determine  borehole 
elevations. 
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in a conventional  manner using chain 
normal grid lines,  Baselines  were ' 

staked at 100 metre  intervals and designated A 14-00, A 2+00 e t c .  The 

g r i d  1 ines were  staked at 50 metre  intervals and assigned  chainages 

south  or  north of the  baseline,  eg. O + 5 O N ,  1MOS. All boreholes  were 
designated  solely on the basis o f  this grid system  chainage. A typical 

borehole,  designated as B 6+00, 2+5OS, would be located as follows: 

B 6 + 00, 

I 
2 + 5 0 S  I !! outherly  from  baseline 

Base1 ine B 

600 metres from starting  point along baseline 

250 metres from  baseline 

A level survey,  referenced to Ya-Ya Lake i ce level a5 0 feet, was run 

at the completion o f  drilling to provide  adequate  information  for 
profiling the cross-sections. The Motorola  Mini-Ranger  System  was 
used to  tie in major  points  along the  baselines to existing  monuments 
i n  the  vicinity.  The  Mini-Ranger  system,  mounted on a Bombardier 
tracked  vehicle,  was  also used to locate all boreholes  after they were 
d r i  1 led. 

1.3.3 Weather 

The temperature  encountered during this  field  program  ranged  from 

-10' C to 4-5' C. April consisted o f  generally  clear skies with very 
little wind,  however, during the last few  days o f  the program, in 

May,  fog and overcast  conditions  were  encountered. No loss of  drilling 
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t ime was incu r red  due t o  adverse  weather   condi t ions.   In   genera l ,   there 

was cont inuous snow c o v e r   o v e r   t h e   e n t i r e   s i t e   w i t h  the except ion of 

h i l l   c r e s t s   w h i c h  were  b lown  c lear   and  the  ex is t ing  work ings  in   the 

g rave l   p i t .   Du r ing   t he  l a s t  f i v e  days of   the  program some m e l t i n g  

occu r red   resu l t i ng  i n  bare  patches and s o f t  snow cond i t ions   thus  

making snow v e h i c l e   t r a n s p o r t   q u i t e   d i f f i c u l t .  

1 .4  Equ i pmen t 

1 . 4 . 1  Imper ia l  Oil L im i ted  Becker Rig 

A Becker Hammer Dri 1 1  (Appendix A, P l a t e  4), owned and operated by 

Imper ia l  Oil L im i ted ,  was used i n   t h i s   p r o g r a m  w i th  r e l a t i v e l y  good 

success. The Becker d r i l l  i s  advanced by a d i e s e l   a c t i v a t e d  hammer 

which  dr ives 8 foo t   sec t ions  of double  wal led 6" casing  (nominal 0.0.) 

I 

i n t o   t h e  

surface 

The c u t t  

d r i  1 1  ing 

i 

ground. Compressed a i r  i s  used to r e t u r n   c u t t i n g s   t o   t h e  

ns ide  the  cas ing.  

ngs  were  sampled a t  4 f o o t   i n t e r v a l s   d u r i n g  the course of 

Samples were c o l l e c t e d  a t  the  base  of   the  cyclone  which 

ac ts  to  diss ipate  the  energy o f  the  compressed a i r .  When d r i l l i n g  

i n   f rozen   ma te r ia l   t he  sample was g e n e r a l l y  thawed. The thawing  can 

be a t t r i b u t e d   t o   t h e   h i g h   o u t p u t   a i r  compressor  which  after a sho r t  

per iod   o f   opera t ion   heated   the   a i r  and t h e   d o u b l e   w a l l e d   d r i l l   p i p e  

through  which  the sample  must  pass. 

Samples obtained  from  the  Becker r i g  were  found t o  have very l i t t l e  

crushed  or   broken  gravel ,   gra in   s ize  analyses  are  therefore  cons idered 

to  be r e l i a b l e .   T h i s  was f u r t h e r   v e r i f i e d  by  comparing g r a i n   s i z e  

curves of  both d r i l l   r e t u r n e d  samples  and t e s t   p i t  samples  from  near 

the  sur face.  I n  some instances however the  mois ture  content  o f  

f r o z e n   i n s i t u   g r a v e l  may be under  estimated  because  of  thawing and 

sample segregat ion.  

I 
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The poor   mob i l i t y   o f   t he  Becker d r i l l   r e s t r i c t e d   t h e   r e g i o n s   i n   w h i c h  

i t  could be u t i l i z e d .  The r i g  was mounted  on a l a r g e   s l e i g h   p u l l e d  

by a 0-7 dozer. The r i g  and s l e i g h   c o m b i n a t i o n   r e s u l t e d   i n  a h i g h  

centre o f  g r a v i t y  and was q u i t e   i n f l e x i b l e .  The r i g  was the re fo re  

i ncapab le   o f   t rave rs ing   t he  more hummocky t e r r a i n .  

The Becker  Rig was somewhat l i m i t e d   i n   d r i l l i n g   d e p t h  due t o  

d e n s i f i c a t i o n  of  the  ground  around  the d r i l l  p ipe  caused  by  the 

d r i v ing   v ib ra t i on .   Th i s   p resen ted  a s e r i o u s   r i s k  o f  jamming the 

cas ing   in   the   boreho le .  When such  adverse d r i l l i n g   c o n d i t i o n s  were 

encountered   the   dec is ion   to   te rmina te   the   ho le  was l e f t  t o  t h e   d r i l l e r  

The  maximum depth  reached by t h e  Becker r i g  was approximately 62 f e e t .  

1 .4.2 Mayhew 1000 

The  Mayhew 1000, a r o t a r y ,   a i r   r e t u r n   s e i s m i c   d r i l l   r i g  was prov ided 

by  MacDonald D r i l l i n g   L i m i t e d  on a c o n t r a c t  w i th  Imper ia l  Oil Limi ted.  

The bo reho les   were   d r i l l ed   us ing   t r i - cone  b i t s  43 inches  in   d iameter .  

The r i g  was mounted  on a Foremost   t racked  carr ier   enabl ing i t  to 
nego t ia te   s teep   i nc l i nes  and moderate  s ide  s lopes. All planned 

b o r e h o l e s   w i t h   r e a s o n a b l y   f l a t   d r i l l i n g   s i t e s  were  reached by t h i s  

r i g .  

The c u t t i n g s  were  sampled d i r e c t l y  a5 they came to  surface. I t  i s  

be l i eved   t ha t  l i t t l e  mel t ing  occurred  as shown by the  recovery of 
severa l   feet   o f   c lean  whi te   ice.  The sampl ing  technique  had  l imi ta t ions 

s ince any breeze  would  tend  to  carry away i c e   c r y s t a l s   r e s u l t i n g   i n  

lower  moisture  content  resul ts.   Moreover,   crushing o f  the  gravel  

t o   s i z e s  l e s s  than 3 /4  o f  an inch was apparent. Because o f  t h i s ,  

a g rea t   re l i ance  was placed on t h e   f i e l d   g e o l o g i s t   i n   e s t i m a t i n g  

maximum aggregate s i z e .  
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A maximum  depth of  102 fee t  was drilled by the  Mayhew in well 
bonded frozen  granular  material.  Problems were encountered on 
the high,  well-drained  ridges  where loose d r y  gravel  caused 
the loss of air circulation. Holes drilled in very loose gravel 
generally had to be abandoned at shallow (4 to 5 ft.) depths  due 

to caving of the borehole. 

I I .  GEOLOGY OF THE STUDY AREA 

2.1 TvDe o f  Landforms 

The  potential and  existing  borrow  areas  are located in a glacio-fluvial 
esker-kame  complex  with  some  outwash or wave  modified  features. A 

general surface geology o f  the  area is shown by Drawing B1, Appendix B .  

Most o f  the  relief is highly modified by massive  ground ice formations. 

The  gravel compos i ng the esker  kame comp 1 ex has an ice content in the 

range of 5% to 15% however,  massive ice ,  up to 55 feet  thick  and  extending 
several hundreds of feet  laterally,  was found within  the  gravel body. 

2.1,l Eskers 

The Ya-Ya Lake esker i s  composed  of both single and multiple  steep 
sided  ridges  reaching a maximum  height of  135 feet above Ya-Ya Lake 

elevation  (Drawings B1 and B2). The esker is dissected by a lake 
embayment as well as several  transverse  drainage  courses.  The  flow 
of  water at the time o f  deposition is believed to have  been  from  the 

west to the east. The sand and gravel in the  esker is well graded 

and clean wi th  a maximum g r a i n  size of  3 inches.  Several  minor 
low-relief  eskers,  shown in Drawing 82 (Note 2 . 1 . 1 ) ,  join the main 

f e a t u r e  at the east end of the study area. 
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Both  massive  ice  format ions  and  non-vis ib le  ice  bonding  the  gravel  

are  present .  The massive  ground  ice  appears to be extens ive  in a l l  
p a r t s  of the  study  area. The i n t e r p r e t e d   s t r a t i g r a p h y  o f  the  esker,  

showing  these  ground  ice  features, i s  inc luded  in   Appendix  C .  

2 . 1 . 2  Kame Depos i t s  

T h e  esker r i dges  merge to form a complex  topography w i t h   m u l t i p l e  

knob- l ike  topographic   features  best   descr ibed as kames. Most of the 

features  are in the   o rder  of 75 t o  100 f e e t   i n   d i a m e t e r   a t   t h e  base 

w i th   ove ra l l   he igh ts   ave rag ing  25 fee t .   S lope  ang les   a re   in   the   o rder  

o f  30' t o  40' from the  hor izonta l   (Appendix  A ,  Pla tes  2 and 3 ) .  Major 

concentrat ions o f  t hese   f ea tu res   occu r   a t   t he   no r th  end of  Basel ines 

A and 8 ,  w i t h  some evidence o f  kame- l ike  features  a t   the  south-east  

end o f  Base1 ine  B (Drawing 82,  Notes  2.1.2 ( a ) ,  ( b ) ) .  I t  appears t h a t  

the  granular   mater ia l   found i n  kames i s   v e r y   s i m i l a r   i n   m i n e r a l o g y  

and gradat ion  as t h a t   i n   t h e   e s k e r s .  However, t h e   g r a i n   s i r e   d i s t r i b u t i o n  

of t h e   m a t e r i a l s  i n  general was found t o  be more v a r i a b l e  w i th  

ho r i zon ta l   l enses  of f i n e  sand and s i l t   b e i n g   p r e s e n t .  

2.1.3 G l a c i a l  Outwash/Glacial-Lacustrine Modi f ied  Terraces 

The f l a t  topped  ter race- l ike  format ion  near   the  nor th-west  end of 

Basel ine A appears t o  be a g l a c i a l - l a c u s t r i n e   m o d i f i e d  beach ter race-  

(Drawing B2, Note  2.1.3 ( a ) ) .  The t e r r a c e   c o n s i s t s   p r i m a r i l y  of 

well  graded  sand and g rave l ,  s i l t  t i l l ,  and massive  ground  ice 

hor izons.  The s i l t  and f i n e  sand  overburden becomes p rog ress i ve l y  

t h i c k e r  as the  d istance  f rom  the  esker  increases. 



The f l a t  area at approximately C 2+00 on Baseline C appears to have 
originally formed as a glacial outwash and has since been modified by 
lacustrine wave act ion (Drawing 82). The boreholes  encountered 
u p  to e i g h t  feet of silt overlying ten or more  feet of  silty gravel 
and sand. 

The small area south-east  represents a widening o f  a tributary esker 

of the main  esker at Baseline C. The original  surface  expression of 

t h i s  area  has been changed by excavation for  construction  materials 

(Drawing 8 2 ,  Note 2.1.3 ( c ) ) .  I t  is believed,  however, tha t  the 
medium sand and traces o f  f i n e  gravel materials are remnants of a 

glacial outwash  feature. 

Area D is an elevated  flat plateau consisting o f  sand and  fine gravel 

overlain by several  feet o f  frozen silt and a surface  veneer o f  gravel 

and cobbles  (Drawing 82). The  origin o f  this landform i s  poorly understood. 

There i s  some evidence o f  lacustrine  reworking of the  material. 

2.2 Geological Origin 

The  previously  described  deposits  are of a glacio-fluvial  origin and 
possibly modified by glacio-lacustrine  action. Both eskers and kames 

merge  with  outwash  plains and lake modified  terraces in the Ya-Ya 

Lake area.  There is a possibility that some of  the ridge-like  features 

were  deposited  sub-glacially as crevasse  filling. Several small 

linear  ridges are believed to have formed  this way. The  glacial 

material is underlain by the preglacial s i l t s  and fine  sands of  the 

ancestral Mackentie River  Delta. This  material in some cases has 

been pushed and deformed by  glacial ice thrusting  (Mackay, 1963, 

Reference 2). Stratigraphic  cross-sections in Appendix C possibly  show 
some  deformation o f  these  sands and s i l t s .  
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2 . 3  Ground I ce 

Massive  ground  ice  occurs  throughout the Ya-Va Study  Area. The 

occurrence  o f   ground  ice has  been shown on the  drawings,  cross- 

sect ions and borehole  logs  (Appendices C and  D).  Sections  of 

c lean  whi te   bubbly   ice up t o  55 f e e t   t h i c k  were  encountered i n  

boreholes. These i c e  masses were o f ten   loca ted  between  the  bottom 

o f   t he   g rave l  and t h e   p r e - g l a c i a l   s i l t s .  I t  appears   tha t   th is   i ce  

formed a f t e r   g l a c i a t i o n  and  has  aggraded  beneath  the  granular 

mater ia l   mod i fy ing   the   sur face   express ion  of the  esker-kame 

complex g r e a t l y .  The Occurrence o f  perv ious  gravel   layers and 

an abundant  supply  of   lake  water  f i ts   the  theory  proposed  for   the 

format ion  of   massive  bodies of tabular   ground  ice on the  Tuktoyaktuk 

Peninsula (MacKay, 1971, Reference 3 ) .  Massive  ice  lenses  appear t o  

d im in i sh   i n   t h i ckness   a t   t he   f l anks  o f  the  esker  as the   ma te r ia l  

becomes p r o g r e s s i v e l y   f i n e r .  

Raised  centre  polygons  each bounded  by v e r t i c a l   i c e  wedging  were 

evidenced i n  the   nor theas t   sec t ion  of Basel ine C ,  (Drawing 62, 

Note 2 . 3 ) -  

I n  the   g ranu la r   ma te r ia l  i t s e l f ,  i c e   i s   u s u a l l y   v i s i b l e  as randomly 

or iented  smal l   veins.   Al lowances have  been made f o r  the d r i l l i n g  

method i n   t h a t   o n l y   i n t a c t   f r o z e n  samples  have  been cons ide red   i n  

making th i s   obse rva t i on .   Fu r the r ,   t he  same v i s i b l e   c r y s t a l l i n e   i c e  

c o n d i t i o n  was observed  in   f resh  exposures  in  the gravel   workings. 

The f r o z e n   i n - s i t u   g r a v e l   i s   w e l l  bonded f o r   t h e   m a j o r   p a r t  o f  the 

recoverable  volume  of   the  area. Upon thawing,  the  gravel has a t y p i c a l  

mois ture  content  of 5 t o  10 percent .  
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Ice  lenses up t o  1/2 i n c h   t h i c k  were  encountered i n  the pre -g lac ia l  

s i l t s  and s i l t y   f i n e  sand under ly ing   the  sands  and grave ls  of the 

esker-kame  complex.  This was evidenced by some l a r g e   i n t a c t   f r o z e n  

chunks of f i n e   m a t e r i a l   i n   t h e   d r i l l   c u t t i n g   r e t u r n .  

I t i .  GRANULAR BORROW MATERIAL 

3 *  1 Gradat ion 

The mater ia l   encountered   in   the  Ya-ya Borrow Study  ranges  from medium 

gra ined sandy g rave l   w i th   t races  o f  s i l t  t o  medium and  coarse  grained 

sand. The grain  size  analyses  on  several  hundred  samples  (Appendix 0) 
show tha t   t he   ma te r ia l  i s  genera l l y   we l l   g raded and i t  does not  change 

s u b s t a n t i a l l y   w i t h   d e p t h   o r   l a t e r a l   e x t e n t .   M a t e r i a l   i n  the esker 

r i dges   i s   genera l l y   we l l   g raded  sand  and grave l  w i th  the   sur face  

covered  wi th   f rost   segregated  cobbles.  The kame depos i ts  a r e  much 

more v a r i a b l e   w i t h   i n c l u s i o n s  of s i l t  and f i n e  sand lenses   w i th in  

wel l   graded sand  and g rave l .   I so la ted   un i fo rm medium gra ined sand 

pockets such as the  one  uncovered  by  excavation a t  B 18+00, OCSOS 

(Appendix A ,  P l a t e  6) a r e  1 i k e l y  t o  occur s p p r a d i c a l l y   w i t h i n   t h e  

esker comp 1 ex. 

Area C i s  loca ted  a t  the  broadening o f  a minor meandering  esker 

r idge,  (Drawing B2, Note 2 . 1 . 3  ( c ) ) .  This   depos i t  may be a g l a c i a l  

outwash p l a i n  mod 

is  genera l   l y  a we 

represents a poss 

a p p l i c a t i o n s .  

i f i e d  by g l a c i o - l a c u s t r i n e   a c t i o n .  The mate r ia l  

1 1  graded sand w i t h  a t r a c e  o f  f i n e   g r a v e l .   T h i s  

i b l e   s o u r c e   o f   f i n e   m a t e r i a l  for more s p e c i f i c  
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Sporadic   f ine sand  and s i l t  lenses i n  the   o rder  of 3 t o  5 f e e t   t h i c k  

have  been  encountered  throughout  the s i t e   d u r i n g   d r i l l i n g .  These 

however do not  appear t o  pose  major d i f f i c u l t i e s   i n   t h e i r   e x c a v a t i o n  

and separa t ion  from the granu lar   bor row  mater ia ls .  

3 . 2  Overburden  and  Surface  Cover 

In   genera l   the  overburden  ex is ts  a5 a v e r y   t h i n   s i l t  and organ ic  

cover on  most o f   the  unexcavated  r idges.  The vegeta t ion   cons is ts  

o f  2 f o o t   h i g h   w i l l o w s ,  some l i c h e n  and  an assortment  of  labrador 

tea ,   be r ry  bushes and grasses  (Appendix A ,  Pla tes  1 and 3 ) .  The 

overburden  th ickens  progress ive ly  away from  the  main  r idges  and i s  

i l l u s t r a t e d  on the  cross-sect ion  drawings  in   Appendix  C .  More  dense 

vegeta t ion  i s  a lso  encountered  on  the  f lanks of the  esker-kame  complex. 

For the  major   par t   o f   the  borrow  area a very  minor amount of s t r i p p i n g  

i s  a n t i c i p a t e d .  

3 . 3  Est imate of Volume o f  Recoverable Borrow M a t e r i a l  

Granular   borrow  mater ia l   for   the  purpose o f  t h i s   s t u d y  i s  def ined as 

gravel  and/or sand m a t e r i a l   w i t h  less than 10 percent  s i l t  content  

(minus No. 200 s ieve ,  0.074 mm) and genera l l y  a maximum of 20 percent  

d ry   we igh t   f i ne r   t han   t he  number 40 sieve,  (0.41 mn). To f a c i l i t a t e  

c a l c u l a t i o n  o f  the  volume o f  g ranu lar   bor row  ava i lab le ,   the   reg ion  

was subdiv ided  by  cross  sect ions  a t   approx imate ly  200 m e t r e   i n t e r v a l s  

a long  the  basel ines.  
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Several assumptions  were made in calculating  granular  borrow  material 
volumes a t  the Ya-Ya site. The calculations included: 

Isopach maps 

The total volume o f  granular  material  present in 

the source. 

Exploitable  material  restricted to granular  material 
lying above  adjacent  lakes o r  major pond water  elevations. 

Recoverable  material to be  overlain by not more than 

six  feet of massive i c e ,  silt or  peat overburden. In 

addition,  restriction (b) was also placed on t h i s  

calculation. 

In addition to restriction (c) above it was  assumed that 

five  feet o f  cover (in  most  areas it will be  granular 
material) will be left over  massive  ground ice. 

showing  thicknesses  of  recoverable  granular  material 

including all o f  the  restrictions  noted above  (assumption d )  were 

prepared.  These  are  included in Appendix B on  Drawings B 3 ,  84 and 

85. 

3 . 3 . 1  Basel ine A 

The following  volume of granular  material  estimates a r e  listed in order 

as each  assumption is applied  (refer to subsection 3.3): 

a) 7.9 mil  lion cubic  yards 
b) 5.3 mi 1 1  ion cubic  yards 
c) 4.7 mi 1 1  ion cubic  yards 
d) 4.2 million cub ic  yards 
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Although 101 tes tho les  were d r i l l e d   t h e  volume  and a e r i a l   e x t e n t  of 

massive  ground  ice was d i f f i c u l t   t o   e s t a b l i s h  for  th i s   a rea .  Test 
p i t s  or development  excavations  have  not  been made i n   t h i s  a rea ;  

t h e r e f o r e  i t  was n o t   p o s s i b l e   t o   i n s p e c t   t y p i c a l   v e r t i c a l  exposed 

sect ions as i n   t h e   e x i s t i n g   p i t .  Areas o f  seemingly  h igh  ice  content 

a re   i nd i ca ted  on Drawing 8 3 .  The massive i c e  content of these  areas 

a r e  such that  development  would  require  excavation  through more than 

ten   fee t  o f  i c e  or leave  exposed  areas o f  mpre than  ten fee t  of i c e .  

A poss ib le  one m i l l i o n   c u b i c   y a r d s  of somewhat s i l t i e r   g r a n u l a r  

m a t e r i a l   e x i s t s  o f f  the   nor thern  flanks of the  esker  (Drawing 8 2 ,  

Note 2 . 1 . 3  ( a ) ) .  This  deposit  appears to be a combination o f  outwash 

p l a i n  and  slope-wash  deposit.   Thick  overburden may prevent   e f f  

and economical  recovery o f  t h e   g r a n u l a r   m a t e r i a l   i n   t h i s   a r e a .  

m a t e r i a l  i s  cons idered  to  be marginal  and was t h e r e f o r e   n o t   i n c  

i n  volume est imates.  

3 . 3 . 2  Basel  ine B 

Volume est imates of  g ranu 1 a r b  orrow f 

i c i e n t  

This  

1 uded 

area, based  on the  assumptions a t o  d 

as f o l l ows :  

o r  t h i s   s e c t i o n  o f  the  s tudy 

s t a t e d  i n  subsect ion 3 . 3  are 

a )  5.5 m i l l i o n   c u b i c   y a r d s  

b)  3.2 m i l l i o n   c u b i c   y a r d s  

c )  3 .2  mil 1 ion  cubic  yards 

d) 2.9 m i l l i o n   c u b i c   y a r d s  



1-965 I 3 Page 15 

A t o t a l  o f  89 boreholes  were d r i l l e d   i n   t h i s  area dur ing  the  course 

of  the f i e l d  program. Cross -sec t i ons   a t   spec i f i c   i n te rva l s   a long   t he  

basel ine  are  for   the  purpose of c l a r i f y i n g   t h e   i n t e r p r e t e d   s t r a t i g r a p h y  

of the  deposit  (Appendix C ) .  The volume  estimates do not inc lude  the 

m a t e r i a l   s t o c k   p i l e d   a t   t h e   t i m e   o f   d r i l l i n g .   M a s s i v e   i c e   i s   p r e s e n t  

throughout   the  area,   in  some i n s t a n c e s   w i t h i n  a few f e e t  of the  surface. 

The s i t e   p lan   (D raw ing  B2) g i v e s   t h e   o u t l i n e  o f  the  area  which has 

been excavated. Areas  under la in   by  massive  ground  ice  are  ind icated 

on Drawing 84 .  

3 . 3 . 3  Base1 ine C 

The depos i t   a t   Base l i ne  C has been e x t e n s i v e l y   e x p l o i t e d   f o r   g r a n u l a r  

m a t e r i a l .  A t o t a l   o f  99 boreholes  were d r i l l e d   i n   t h i s   a r e a  and the 

remaining  volume of m a t e r i a l  has  been est imated, based  on the 

assumptions a t o  d s t a t e d  i n  subsect ion 3 . 3 ,  t o  be: 

a) 3.8 m i  1 1  ion  cubic  yards 

b) 3 . 1  m i l l i o n   c u b i c   y a r d s  

c )  2 . 7  m i  1 1  ion  cubic  yards 

d) 2 . 5  m i l l i o n   c u b i c   y a r d s  

These c a l c u l a t i o n s  do n o t   i n c l u d e   s t o c k p i l e s   a t  the s i t e .  Drawing B 5  
i nd i ca tes   a reas   under la in  by  massive  ground  ice. 

3 .3 .4  Area C 

Only  three  testholes were d r i l l e d   t o   d e f i n e   t h i s   s m a l l   e s k e r   t r i b u t a r y  

and g l a c i a l   l a c u s t r i n e   m o d i f i e d  outwash p l a i n ,  Drawing 8 2 ,  Note 2.1.3 ( c ) .  

Most o f  t h e   f i n e   g r a n u l a r   m a t e r i a l   i n   t h i s  area appears t o  have  been 

excavated  recent ly .  The remaining  borrow  mater ia l  i s  est imated  at   about 

200,000 cub ic  y a r d s .  For the most p a r t  no o v e r b u r d e n   e x i s t s   i n   t h i s  

area  (Drawings B 5  and B 6 ) .  
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3 . 3 . 5  Area 0 

A volume est imate was not  prepared fo r  Area D s ince   the   mater ia l  was 

c o n s i d e r e d   u n s a t i s f a c t o r y   f o r   e x p l o i t a t i o n .  Seven boreholes  were 

d r i l l e d   t o   d e l i n e a t e   t h e   e x t e n t  o f  the   depos i t ,   the  logs o f  which 

a r e  enclosed  in  Appendix D. The r e s u l t s  o f  t h e   d r i l l i n g  showed t h a t  

the   mater ia l  i s  genera l l y   o f   var iab le   g radat ion ,   ex t remely   var iab le  

i n   t h i c k n e s s  and o v e r l a i n  by t h i c k  frozen s i l t  and f i n e  sand depos i ts .  

Massive  bodies o f  i ce  were  found t o  under l i e   t he   g ranu la r   ma te r ia l s  

f o r  most o f  Area D. 

3 . 3 + 6  Total Granu lar   Mater ia l  Volume 

The c a l c u l a t e d  volume of  granular borrow m a t e r i a l ,  as c o n t r o l   l e d  by 

the  four   assumpt ions  s ta ted  in   subsect ion 3 . 3 ,  a r e  summarized in   Tab le  I. 

TABLE I .  SUMMARY OF COMPUTED GRANULAR MATERIAL VOLUME 

AREA O R  
BASEL I NE 

ASSUMED CONDITION 
(mi 1 1  i o n  cubic yards) 

Basel  ine A 7 .9  5 .3  4 .7  4.2 
Basel  ine B 5 . 5  3 .2  3 . 2  2.9 
Basel i ne  C 3.8 3.1 2.7 2.5 
Area C -" " - 

" - .2 

Area D ",. "- -" -" 

TOTALS 17.2 11.6. 10.6 9 . 8  
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3 . 4  Recovery  and Handling 

3 .4 .1  Winter  Operations 

I n  the  past   the  gravel  has  been r ipped  by a dozer i n   t h e   w i n t e r  and 

pushed i n t o   s t o c k p i l e s  t o  thaw and dra in   dur ing   the  summer. This  

type o f  recovery  operat ion  has  not been  used ex tens i ve l y  due t o  the 

h igh   cas t  of excavat ion.  

A t  Basel ine A and  west  end of Basel ine 6 i t  may be p o s s i b l e  t o  

remove up t o  20 f e e t  o f  ma te r ia l   f r om  the   c res ts  of the esker and 

kames w i t h o u t   i n v o l v i n g  an ex tens ive   r ipp ing   opera t ion .  The granu la r  

mater ia l ,   a l though  f rozen,  was found t o  be dry   and- loose  in   these  a reas .  

3 .4 .2  Suner   Opera t ions  

Most recovery  operat ions  have been c a r r i e d   o u t   d u r i n g   t h e  summer months. 

The normal  procedure  fol lowed  simply  consists of s t r i p p i n g  and s tock 

p i l i n g  o f  the  newly thawed m a t e r i a l .   T h i s  allows t h e   m a t e r i a l   t o   d r a i n  

r a p i d l y  and increases  the  depth o f  thawing   in  the deposi t .  The cycle of 

t h e   o p e r a t i o n  depends  on the   ra te  of thaw w i t h  s t o c k p i l i n g   o p e r a t i o n s  

beginning when the thaw f r o n t  has  progressed 1 t o  2 f e e t   i n t o   t h e   d e p o s i t .  

3 . 4 . 3  Treatment  of  Massive Ice 

I t  i s  no t   poss ib le   to   fo rmula te   genera l  recommendations fo r   the   t rea tment  

o f  massive i c e  bod ies   w i th in   the   g rave l   depos i t .  I f  poss ib le   t he   i ce  

bodies should be avoided dur ing   p i t   deve lopmen t .  However each  ice 

body will have t o  be cons ide red   i nd i v idua l l y  p r i o r  t o  p i t  development 

i n   s p e c i f i c   a r e a s .  

t 
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Less extensive  massive ice (within the granular  material) at higher 

elevations  may be stripped and wasted. In areas  with 30 to 55 feet 
of massive ice underlying the granular  material it is recommended 

that approximately  five feet of soil be left on top of the Ice 
(Appendix C). This  should  provide  sufficient insulation to prevent 

excessive  thawing.  The  development o f  thaw ponds within  the pit 

working area will adversely a f f e c t  the logistics o f  orderly p i t  

deve 1 apmen t . 

I V .  QUALITY ASSESSMENT OF CONCRETE AND GRAVEL FILL AGGREGATES 

4.1 Genera 1 

Samples of aggregate  were  obtained to evaluate their suitability  as 

concrete  aggregates or for use as a gravel  fill. Tests run on the 

samples included sieve  analyses,  petrographic  examination,  specific 

gravity,  absorption and d r y  rodded d e n s i t y .  Limited testing  with 

respect to organic  content,  soluble  sulphate  content and sulphate 

soundness has also been performed.  The  results  are reported 

section and their  engineering  implication  discussed in genera 

4.2 Soluble  Sulphate  Content and Sulphate  Soundness  Tes 

n this 
terms. 

I 

s 
I 
t 

The results of 9 Soluble Sulphate tests run on the materials are 

summarized in T a b l e  2. All tests  indicate a negligible  degree of 
attack. Therefore, Type I Normal Portland Cement will be acceptable 

for mixes  using  these  aggregates.  However, in cases where  concrete 
is in contact w i t h  natural s o i l s  these  soils should be tested for  

sulphate  concentrations. 
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One sulphate  soundness test was run on an  average sand  and  gravel 
sample.  The  computed  weighted  percentage loss was 2.9 percent (by 

weight). This degree o f  attack is considered t o  be negligible. 

TABLE 2. SOLUBLE  SULPHATE  CONTENT 

Test Pit Coordinates 
Su 1 pha te Degree of 
Con tent Sulphate  Attack 

A 2 +  00 
A 12 + 00 
E 1 1  + 00 
6 14 + 00 
B 18 + 00 
B 20 + 00 
6 23 + 00 

C I3 + 00 

c 22  + 00 

0 + 00 Surface 
0 + SON 

3 + 00s 

3 + 50s 
0 + 15N 
2 + 00s 

0 + 50N 
2 4- 00s 

2 + OON 

Ni 1 
Ni 1 
0.05 

Ni 1 
N i l  

Ni 1 
Ni 1 
Nil 
Nil 

Negligible 

Negligible 

Negligible 

Negligible 

Negligible 

Negligible 

Negligible 

Negligible 

Negligible 

4.3  Organic Content Tests  

Five samples  were tested to determine  the  organic  content of the 

granular s o i l s .  Values ranged from 1.1% to 3.6% with an average  value 
of 1.8% (Table 3). The  sample  from  which  the highest value was obtained 

is a near surface  sample  thus the higher loss on ignition was  probably 
due to some lichens or other living organic  matter.  Eliminating this 

sample, the average would reduce to 1.4%. Based on  these  tests, the 
aggregate  would be suitable for concrete. 
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TABLE 3. ORGANIC  CONTENT BY WEIGHT 

Test  Pit Coordinates 
Organ i c 
Con tent 

A 2 + 0 0  0 + 00 Surface 3.6% 
B 1 1  + 00 3 + 00s 1.4% 
6 18 + 00 o + 1 5 ~  1.4% 
6 20 + 00 2 + 00s 1 . 1 %  
B 23 + 00 0 + SON 1.7% 

4.4 Dry Rodded Unit Weights 

A summary of dry rodded unit weight  determinations i s  included in 

Table 4. These values  varied from 101.3 to 121.0 pounds per cubic 
foot (pcf) with an average  value o f  113.9 p c f .  This  information i s  

required  for the tentative  concrete  mix  design  presented i n  Subsection 

4.9. 

TABLE 4. DRY RODDED UNIT WEIGHT 

Dry Rodded Uni t  Weights 
T e s t  P i t Coord i nates 

A 12 -t 00 0 + SON 
B 1 1  + 00 3 + 00s 

(PCf) 

116.7 
108.8 

B 14 + 00 3 + 50s 101.3 
B 18 + 00 0 + 15N 119.7 
B 20 + 00 2 + 00s 114.0 
B 23 + 00 0 + 50N 121 . o  
C 13 + 00 2 f 00s 117.4 
c 2 2  + 00 2 + OON 112.1 

RANG E 101 - 121 
AVERAGE 113.9 
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S p e c i f i c   G r a v i t y  And Absorpt ion 

Seven samples  were  tested  to  determine the s p e c i f i c   g r a v i t y  and 

absorp t ion  values o f  the fine p o r t i o n  of the  aggregate,  and  three 

samples  were tested to  o b t a i n   t h e  same i n fo rmat ion  for the  coarse 

aggregate. The r e s u l t s  o f  these t e s t s   a r e  shown in   Tab les  5 and 6, 
respec t i ve l y .  These values are requ i red  for  concrete mix design 

purposes  (not  undertaken). The results show the  water   absorpt ion 

t o  be r e l a t i v e l y  low. 

TABLE 5. SPECIFIC. GRAVITY AND ABSORPTION--FINE AGGREGATES 

Bulk  Bulk Sp.  Apparent  Absorption 
Test P i t  Coordinates Sp. Grav,  Grav, (SSD)  Sp . Grav, % 

A 12 + 00 0 + 50N 
A 12 + 00 0 + SON 

8 1 1  + 00 3 f 00s 
B 1 1  + 00 3 + 00s 
8 18 + 00 o + SON 

B 18 + 00 0 + 50N 
C 22 + 00 2 + OON 

AVERAGE 

2 - 599 
2.601 

2.498 
2.495 
2.502 
2.510 

2.570 

2.534 

2.642 

2 648 

2.545 
2.540 
2 - 546 
2.545 
2.612 

2.583 

2.718 

2.729 
2.621 

2.669 
2.618 

2.602 

2.684 

2.663 

1.68 
1.81 

1.89 

1.79 
1.77 
1.40 

1.65 

1.71 
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TABLE 6. SPECIF IC  GRAVITY AND ABSORPTION--COARSE AGGREGATES 

Bu lk   Bu lk  Sp. Apparent Absorpt ion 
Test  P i t  Coord inates Sp. Grav.  Grav. ( S S D )  S p .  Grav. % 

B 1 1  + 00 3 + 00s 2.523 2.560 2.621 1.48 
B 18 + 00 0 + 5 0 ~  2.527 2.561 2.615 1 . 3 3  
c 22 + 00 2 + OON 2.527 2.560 2.61 3 I - 3 1  

AVERAGE 2.526  2.560  2.616 1 .37  

4 . 6  Minimum-Maximum Dens i t y  o f  G r a n u l a r   F i l l  

Seven samples  were  tested  to  determine  the  minimum and maximum d e n s i t y  of 

t y p i c a l  Ya-Ya gravel   samples.  The average  values  obtained  were a 

minimum d r y   d e n s i t y  o f  110.1 p c f  and a maximum d r y   d e n s i t y  of  127.8 

p c f .  The va lues   ob ta ined  a re   summar ized  in   Tab le  7. 

TABLE 7. MINIMUM-MAXIMUM DENSITY OF YA-YA GRAVEL 

Test  P i t  Coord inates 
Dry   Dens i ty  (pcf )  

Min. Max. 

A 2 + 0 0  O + O O  
A 12 + 00 0 + SON 
B 1 1  4" 00 3 + 00s 
B 18 + 00 o + 5 0 ~  
B 20 + 00 2 + 00s 
C I 3  + 00 2 + 00s 
c 22 + 00 2 + OON 

AVERAGE 

109.4 127.2 

1 1  1.9 127,6 

105.7 125.3 

115.6 130.5 

1 1  1.5 128.4 
1 1  1.9 130.2 

104.9 125.6 

110.1 127.8 
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R e l a t i v e   d e n s i t y   f o r   f i e l d  compacted f i l l s ,  a s  determined  from  Equation 1 

i s  a method  comnonly  used in evaluat ing  the  degree of  compaction of 

cohes ion less   ma te r ia l s .   Genera l l y ,   re la t i ve   dens i t i es  between 70% 

(121.9)  pcf)  and 85% (124.8 p c f )  a r e   s p e c i f i e d  on most  c o n s t r u c t i o n  

pro jects ,   depending  on  the  type  o f   suppor t   condi t ions  expected  f rom 

the  completed  pad  or  roadway. 

x ( Y f i e l d  - ',in) x 100 
Re la t i ve   Dens i ty  !% = 

' f i e l d  x ('miax 'mi n 1 

.. . (1) 

where : 'max = maximum d r y   d e n s i t y   d e t e r m i n e d   i n   t h e   l a b o r a t o r y  

( 1 2 7 . 8  p c f )  

'mi n = minimum d ry   dens i t y   de te rm ined   i n   t he   l abo ra to ry  

(1  10.1  pcf) 

' f i e l d  = i n s i t u   d e n s i t y  o f  the compacted f i l l  determined 

i n   t h e   f i e l d   ( p c f )  . 

Exper ience  w i th   the   p lac ing  and m o n i t o r i n g   o f   g r a v e l  f i l l  from Ya-Ya 

p i t   d u r i n g   w i n t e r   c o n d i t i o n s ,  was ob ta ined   du r ing   cons t ruc t i on  of IOL 

Adgo C - 1 5  D r i l l i n g   I s l a n d  E B A ,  Reference ) .  The m a t e r i a l  , a  sandy g rave l ,  

had  been s tockp i l ed   du r ing   t he  summer and was p laced  dur ing  sub- f reez ing 

temperatures  the  fo l lowing  winter .  I t  was f o u n d   t h a t   l i f t s   o f  If t o  2 

f e e t ,  compacted  by a v i b r a t o r y  drum r o l l e r  reached an ave rage   re la t i ve  

dens i t y  of 45 percen t   w i th  a maximum recorded  va lue  o f  50 percent .  

The  maximum p r a c t i c a l   f i e l d   d e n s i t y  was ach ieved  a f te r   about  3 passes 

of  the  compaction  equipment and n e g l i g i b l e   a d d i t i o n a l   b e n e f i t  was 

achieved by pro longed  compact ive  e f for t .  

1' 
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4 .7  Petrographic  Analyses 

Petrographic  analyses  were  performed on s i x  samples which  are  considered 

t o  be rep resen ta t i ve  of  a l l   t h e  samples obta ined.  The r e s u l t s   a l o n g   w i t h  

the  average  weighted  composition o f  the   cons t i t u ten ts   a re  shown i n  

Table 8. 

The most common cons t i tuent   i s   cher t -cha lcendony  wh ich  may o f  may no t  

be s u i t a b l e   f o r   c o n c r e t e .  I t  would  appear  from  the  low  values  obtained 

i n  s p e c i f i c   g r a v i t y  and absopr t ion   tes ts   tha t   these  aggregates   a re  

p robab ly   su i tab le ,   bu t   th is   shou ld  be c l a r i f i e d  by  compressive  strength, 

freeze-thaw, and  soundness t e s t s .  The o t h e r   c o n s t i t u e n t s   a r e   a l l  

su i tab le  aggregates  for   concrete  (Appendix  D ,  Petrographic  Analyses).  

4 .8 Gra in  S i te   Analvses 

P a r t i c l e   d i s t r i b u t i o n  was d e t e r m i n e d   f o r   n i n e t e e n   t e s t   p i t  samples 

fo r  aggregate  assessment. The r e s u l t s   a r e  summarized in   Tab le  9 and 

an envelope  o f   the  curves  is  shown i n   F i g u r e  2. These t e s t s  show 

tha t   t he   ma te r ia l  i s  g e n e r a l l y  a wel l -graded  gravel -sand  conta in ing 

a r e l a t i v e l y   s m a l l   q u a n t i t y  o f  unaccep tab le   f i ne   ma te r ia l .  I f  the 

p i t  was worked i n  such a manner as to   e l im ina te   t he   pocke ts  of s i l t ,  

t he   ma te r ia l s   cou ld  be processed t o  meet CSA s p e c i f i c a t i o n s   f o r   f i n e  

and coarse  aggregate. The e f f e c t i v e  maximum s i z e   o f   m a t e r i a l   i s  between 

1 and 14 inches. When t h e   f i n e  and coarse  aggregates  are  separated  by 

screening,  the s i l t  and c l a y   f r a c t i o n   c o u l d   e a s i l y  be separated. On 

sma l l   p ro jec ts ,   p i t   r un   g rave l  can probably be used e f f e c t i v e l y   f o r  

concrete  aggregate. 



TABLE 8. RESULTS OF PETROGRAPHIC EXAMINATION OF GRAVEL CONSTITUENTS 

TEST P I T COORD t NATES Const i tuents  (Weiqhtcd X )  

1 l i  1 i i  2i 2 i  i 3 4 5 6 7 
~~~~~~ ~ ~ _ _ _ ~ ~  ~ ~ 

A 2 + 0 0  0 + 00 10.01 17.81  34.26 13.12 5 . 3 3  8.89 9.61 0.10 0.79 0.08 

B I 4  + 00 3 + 50s 1-81 51.70 34.97 1.62  0.13 5.70 3.78 ---- "" 0.29 
3 18 + 00 0 + 50N 9.49 7.27 38.27 12-87 4.05 5 .53  15.93 ---- "" 6.53 
B 23 + 00 0 + 50N 13.50  18.23 37.79 11-53 ---- 8.31 9.82 ---- "" 0.82 
c 13 + 00 2 + 00s 1 7 - 5 3  10.98 39-11 5.44  1.08 10.05 14-93 ---- "" 0.88 
c 22 + 00 2 + OON 24.28 20.86 2 5 - 0 9  9 . 9 8  6.09 6.72 6.98 ---- "" -" - 

LEGEND 

1 .  Quartz i te  
i .  Quartz 
i i . Chert-Chal cedony 

i 
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i . Competent 
1 1 .  Fr iable  .. 
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5 .  Cong 1 Omera te  

6.  Coal 

7 .  Granite 

B 

5 e 
*: . .  "~i 

d 

I 
W m 
vl 
W 

V 
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TARLE 9 .  G R A l F l  S I Z E  A N A L Y S I S  FOR AGGREGATE ASSESSMENT W 

OI 
vr 
W 

- " 
"" 

" - 

2 Passing 

Test  P i t  Cnordinates 3" 1 1/2" 1"  3/4" l / 2 "  3/8" No. 4 No. IO No. 20 
-I_" - -~ 

N0.40  No.60 No.100 No.200 
" 

A 2 + O O  
A 4 + 0 0  
A 4 + 0 0  
A 8 + 0 0  
A 12 + 00 
A 18 + 00 

6 6 + 0 0  
6 I1 + 00 
B 14 + 00 
B 14 + 00 
B 14 + 00 
6 14 + 00 
B 1 8 + 0 0  
B 20 + 00 
B 23  + 00 
6 26 + 00 

C I 3  00 
c 22 + 00 
C 30 + 00 

0 + 00 IO0 
1 + 00s 100 
2 + 00s IO0 
1 + OON 76.8 
0 + 50N I00 
1 + OON i o 0  

AVERAGE %. ' 

100 98.6 
100 80.6 
100 95.1 

76.8 64.3 
100 95.0 
l o o  87. I 

100.0 86.8 

2 + 505 
3 + 00s 
2 + 00s 
0 + 00 
3 + 505 
3 + 00s 

2 + 00s 
0 + SON 
14 + OOH 

o + 5 0 ~  

IO0 
100 
100 
100 
IO0 
I O 0  
100 
100 
100 
100 

100 100 
100 97.5 
100 100 
100 100 
100 100 
100 100 
100 88.1 
100 97.5 
100 94.5 
IO0 100 

AVERAGE 100.0 100.0 97 .8  

2 + 00s 100 100 90.5 

9 + OON 100 7 9 - 0  79.0 
2 + OON 100 96.6 94.1 

OVERALL AVERAGE 98.8  97.5 92.7  

96.3 
58.8 
83.3 
53.9 
88.5 
67.4 

74.7 

I O 0  

56.1 
100 
100 
100 

84.6 
94.6 
89.6 

100 

92.1 

95.6 

85.4 
91.3 
7 4 . 7  
83.8 

85.3 

85.5 
57.8 
69- 5 
40.9 
8 2 . 4  
49.3 
64.2 

100 
89.5 
50.0 
93.7 
98.7 
78. I 
79.6 
86.2 

97.1 
85.5 

77.5 
78.8 
63.2 

73.2 

76.5 

82.3 

7 5 . 9  
45.8 
60 . O  
32.4 
7 7 . 5  
44.8 

56.1 

9 2 . 6  
8 0 . 9  
47.4 
83.7 
9 6 . 4  
72.9 
69.8 
76.4 
76.8 
90.2 

78.7 

68.7 
75 - 9  
5 1 . 3  
65.3 

69.4 

51.3 
27.3 
42.2 
18.0 
61 . 4  
43 .0  

40.5 

73.9 
55.3 
37- 8 
70.9 
90.7 
53.2 
48 .O 
5 4 . 3  
60.7 
61.8 
60.7 

47.9 
54.1 
28.8 
43.6 

31.3 
5.8 

30.9 
10.6 
39.7 
41.7 

26.7 

51.8 
31.5 
29.0 
53.6 
86.5 
26.6 
35.1 
35.8 
44.4 
30.3 
42  .5 

28.4 
36.9 
1 8 . 6  
28.0 

19.5 
1 . 2  

25.1 
7 . 2  

23.9 
3 9 . 7  
19.4 

38.2 
14.7 
21.5 
41 .O 
82.9 
10.6 
21 .e 
23.7 
32.4 
13.0 
30 .O 

18.4 
27.1 
14 -5 
20.0 

25. I 

11.9 
0.7 

24.1 
5 . 5  
12.4 
36. I 

15. I 

28.2 
5 . 3  

16. I 
26.3 
68.4 
5.6 
9.6 

12.0 
24.7 

5.4 
20.2 

10.0 
20 .6  
11.7 
14. 1 

17.6 

7.4 
0 .5  

23.8 
4. I 
5.1 

29.8 
11.8 

19.2 
2.3 

11.2 
18.1 
15.1 

3 . 1  
4.2 
2.9 

21.4 
4 . 1  

1 0 . 2  

4.6 
t 7 . l  
9 -9 

10 5 

10.7 

5.7 
0 . 3  

23.5 
3.0 
2.1 

21.6 

9 .4  

13.1 
I .5 
7 . 9  

12.9 
1-9  
2.3 
2.9 
0.5 
19.8 
2.2 
6.5 

2.7 
15.3 
7.6 
G. 5 

7.7 

4.9 "_ 
22 - 9  

1.9 
0 . 5  

10.5 
6.8 

9 . 2  
1 .0 
5.8 
8.3 
0 . 0  
2.0 
2.5 
0. I 

18.7 
1.8 

4.9 

I .9 
13.1 
4.2 
6 . 4  
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4 .9  Concrete M i x  Design 

A typ ica l   concre te   mix   des ign  has  been prepared  based  on  the  fol lowing 

assumed p r o p e r t i e s .  

Assume: a )  E f fec t i ve   agg rega te  top s i z e  o f  14  inches 

b) 4% t o  6% a i r   e n t r a i n m e n t  

c )  S 1  ump of 3 t o  4 i nches 

d)  Design  based  on  exposure  condit ions 

e )  Type I Normal Po r t l and  Cement 

The approx imate   quant i t ies  o f  mater ia ls   per   cub ic   yard  of concrete 

that   would be requ i red   a re   s ta ted   i n   Tab le  10. 

TABLE 10. TYPICAL CONCRETE M I X  PROPORTIONS 

S t r u c t u r a l  Members, 
Slabs,  Girders,  Beams 

Const i tuent  Pavements, e t c .   P i e r s ,   e t c .  

Cement ( 1  b )  

Water ( l b )  

Aggregate  (1b)  Fine 

Coarse 

530 
265 

I 030 

2060 

480 

265 
1050 

2090 

The above po rpo r t i ons   s ta ted   i n   Tab le  10 should be considered  approximate 

o n l y .  Actua l   per fo rmance  in   the   f ie ld   requ i res  t h a t  t r i a l  mixes be 

r u n   i n   o r d e r   t h a t  more prec ise   p roper t ies   a re   de termined.  These f i g u r e s  

are   p resented   so le ly  t o  a l l o w   p r e p a r a t i o n  of cons t ruc t i on   cos t   es t ima tes .  
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4 .  IO Comments and Summarv 

I t  would  appear  f rom  the  test   program  completed  to  date  that  Ya-Ya 

grave l   wou ld   be   su i tab le   fo r  use i n   c o n c r e t e .   F u r t h e r   t e s t i n g  must 

be done t o  c o n f i r m   t h e s e   f i n d i n g s ' p r i o r  t o  under tak ing   la rge   sca le  

p roduc t ion  of  concrete  aggregates.   This  test   program  would  involve 

separa t ion  o f  the  aggregates,   fur ther   s ieve  analyses,  a t r i a l   b a t c h  

mix  design and f ree te - thaw  tes ts .  Los Angeles  Abrasion  tests  should 

also be  performed on the  aggregate. Such t e s t i n g   i s   c o n s i d e r e d   t o  be 

beyond  the  scope o f  t h i s   s t u d y .  

The m a t e r i a l s   a r e   e x c e l l e n t   f o r  use as  granular  f i l l ,  For summer 

construct ion  programs a compacted r e l a t i v e   d e n s i t y   o f  70% t o  85% 
shou ld   eas i l y  b e   a c h i e v e d   w i t h   v i b r a t o r y   r o l l e r s  when the   ma te r ia l  

is  placed and  compacted i n  l i f t s .  However, a5 d iscussed  in  

Subsection 4 . 9 ,  a r e l a t i v e   d e n s i t y  o f  about  50% can  be  expected when 

p lac ing   f rozen  f i l l .  

v .  LIMITATIONS AND RECOMMENDATIONS 

The 1975 s p r i n g   d r i l l i n g  and test ing  program a t  Ya-Ya Lake has l e d  

t o  severa l   impor tant   f ind ings.  One o f  the   ma jor   d iscover ies  was the 

ex is tance o f  massive  ground  ice  which may pose  problems to   recove ry  

opera t ions .  The  many con f igu ra t i ons   o f   g round  i c e  bodies  present 

d i c t a t e   t h a t  each sec t ion  of   the   recovery   a rea  must be considered a s  

a special  case. I t  i s  suggested   tha t   su f f i c ien t   cover  be l e f t   i n   p l a c e  

t o  insu late  the  massive  ground  ice  where  explo i tab le  gravel  i s  no t  

present  below i t .  

EBA Engineorin9 Conrullantrltd. 



Volume est imates  have been made f o r   t h e   v a r i o u s   s e c t i o n s  of  the 

esker-kame  complex. A t o t a l   f i g u r e   o f  9 . 8  m i l l i o n   c u b i c   y a r d s  has 

been a r r i v e d   a t   f o r  a modest e s t i m a t e  o f  recove rab le   g ranu la r  

m a t e r i a l .  These c a l c u l a t i o n s  take i n t o   c o n s i d e r a t i o n s   t h e   w a t e r  

l e v e l s   o f   a d j o i n i n g   l a k e s ,  amount o f  ove rbu rden   and   su f f i c i en t  

i n s u l a t i n g   c o v e r   l e f t   o v e r   m a s s i v e   i c e   b o d i e s .  The 'Land  Reserve' 

a s  shown on  Drawing 82 ,  con ta ins  a l a r g e  volume o f   b o r r o w   m a t e r i a l  

which  has  been  inc luded  in  the  c a l c u l a t i o n .  The s t a t u s  of the 

m a t e r i a l   w i t h i n   t h e  bounds o f  the  'Land  Reserve '   has  not  as  y e t  

been e s t a b l i s h e d .  

The g r a n u l a r   m a t e r i a l   t h r o u g h o u t   t h e   s i t e   i s   o f   v e r y   s i m i l a r   g r a d a t i o n  

and m i n e r a l o g y   i n d i c a t i n g  a common source f o r  a l l  areas .   Th i s   depos i t  

was f o u n d   t o  b e  s u i t a b l e   f o r   g e n e r a l  f i l l .  P o t e n t i a l l y   d e l e t e r i o u s  

m a t e r i a l  was encountered i n  s i g n i f i c a n t   q u a n t i t i e s   i n   t h e  samples  and 

t h e r e f o r e   f u r t h e r   t e s t s   a r e   r e q u i r e d   t o   d e t e r m i n e  i t s  s u i t a b i l i t y   f o r  

c o n c r e t e   a p p l i c a t i o n s .  

F i n e r   m a t e r i a l   s u c h  as u n i f o r m  medium g r a i n e d   s a n d   i s   a v a i l a b l e   i n  

Area C and in   spo ra t i c   i so la ted   pocke ts   t h roughou t   t he   eske r -kame 

comp I ex .  

Cons idera t ion   shou ld   be   g iven  to t h e   e f f e c t  o f  d r a i n i n g   e x i s t i n g  thaw 

ponds and the i n p a c t   o f   p o s s i b l e  new thaw  ponds  on  the  environment. I t  

i s  a d v i s a b l e   i n  some cases t o   w a s t e   m a s s i v e   i c e   i n   o r d e r   t o   r e c o v e r  

the   g ranu la r   ma te r ia l   be low and prevent  ponds  f rom  forming. 

A legal survey   de f in ing   the  bounds o f   t he   g ranu la r   ma te r ia l   wou ld  

be b e n e f i c i a l  as development of t h i s   bo r row  sou rce   con t inues .  
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The planned exploitation o f  this deposit should be closely  observed 

with the a i d  o f  cross-sections  and  contour  maps  found in Appendix B 

of  this report.  This may be achieved by a qualified  engineering 

geologist on site  who will be responsible for the interpretation of  

t h e  drawings and overseeing the excavation  operations. Continual 

mapping o f  fresh gravel exposures i s  advisable to supplement  available 
boreho le  data. 

Respectfully  submitted, 

EBA Engineering  Consultants Ltd. 

N. R .  MacLeod, P .  Eng. 

KOS : lmh 
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PLATE 1 'Mayhew 1000' d r i l l i n g   r i g  a t  A10 f 00, 2 + 50N 

A p r i l  2 3 ,  I975 
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PLATE 5 Stockpi led borrow material on Baseline C. F e l t  pcn 

for  s c a l e .  May 5,  1975. 

PLATE 6 Sand w i t h  t r a c e  o f  gravel i n  isolated  pocket on 

Bascline B at  approximately B 18 -t 0 0 ,  0 + 505. 

May 5 ,  , 975 .  



PLATE 7 L a r g e  b l o c k  o f  frozen b o r r o w   s h o w i n g  some s o r t i n g  of  

t h e  gravel  and  sand. Pen fo r  scale. May 5 ,  1975. 

PLATE 8 Sandy s i l t  lrnsr found nn f r -nzen exposure i n   g r a v e l  

p i t  on B a s e l i n e  B .  Pcn fnr s c a l c .  May 5 ,  1975.  
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515 0 3 . 0  
514 970 
514 930 
514 890 
514 870 
514 e50 

514 910 
514 a60 
524 790 

514 845 
514 810 
514 765 
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Co. L t d .  
Job No. I C - 7 8 5 1  Awendlx  No. I 

". 

ey I J . K .  Smith Chec&md I 

A R E A  Baseline B 
YA YA Gravel P i t  

STATION 
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Job No. I C - 7 8 5 1  Appcndlr NO. I 1-7851-H-9 

1 3 ~  I J . K .  Smith Chncked I 

A R E A  YA-YA Gravel Pit L i n e  A 
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0 
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4005 
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255 

0 
508 

100w 
135N 

F 
7 665 010 

7 665 880 
7 665 925 
7 666 975 
7 666 020 
7 666 065 

7 -666 080 

7 665 845 
7 665 890 
7 665 935 
7 665 980 
7 666 025 
7 666 120 

7 665 900 

' 7  665 630 
7 665 675 
7 665 815 
7 , 665 860 
7 665 900 
7 665 740 
7 665 825 

665 300 
7 665 320 
7 665 345 
7 665 370 
7 6 6 5  415 
7 665 460 
7 665 555 
7 665 600 
7 665 645 
7 665 695 
7 665 740 
7 665 7 7 0  
? 665 785  
7 665 835 

7 665 870 
7 665 880 

E 

510 925 ND 

510 980 
510 995 ID 
511 015 
511 035 
511 055 

511 005ND 

511 070 
511 090 
511 110 
511 125 
511 150 
511 185 

511 200 

511 200 
511 220 
511 275 
511 295 
511 315  
511 245 
511 385 

511 285 
511 295 ND 
511 305 
511 310 ND 
511 330 

511  385 
511 350 

511 405 

511 440 
5 1 1  425 

511 455 
511 470 
511 480 ND 
511 500 
511 510 
511 610 

r 
"- 

Note: C.L. - I 
ND - NI 

EBA-650s. 6 0 0 E  

BBA-550S. 60UE 

EBR-450S. 600E 

EM-OS. 6 0 0 E  

EM-2OON. 600E 

mter L i n e  
: d r i l l e d  

L 
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A R E A  YA - W Gravel Pit Line A 

- 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

1 
1 

: I  
1 
1 
1 

I 

STAT1 0 N 

6+00 3505 
6MO 3005 
6+00 2505 
6+00 2005 
.6+00 150s 
6+00 100s 
.6+00 505 
6+00 C.L. 
.6+00 508 
.6+00 lOOH 
.6+00 150N 

.7+00 C.L. 

.8+00 2005 

.8+00 150s 
:8+00 100s 
!8+00 505 
L8+00 C.L. 
L8+00 SON 

L9I-00 C.L. 

!ow0 400s 
!O+OO 3505 
!o+oo 300s 
!O*OO 2505 
!OM0 200s 
!OM0 150s 
!O+oO 123s 
!moo 100s 
!OM0 1 5 s  
!O+OO 505 
m+oo C.L. 
20i-00 50N 
!OM0 150H 

11+00 C.L. 

U.T.M CCJ 

U 

7 664 790 
7 664 840 
7 664 880 
7 664 915 
7 664 950 
7 664 990 
7 665 030 
7 .  665 065 
7 665 105 

7 665 180 
7 665 140 

7 665 o m  
7 664 790 
7 664 825 
7 664 070 
7 664 895 

. 7 664 935 
7 664 970 

7 664 870 

7 664 520 
7 664 555 
7 664 590 
7 664 625 

-7 664 670 
7 664 700 
7 664 710 
7 664 725 
7 664 745 
7 664 765 
7 664 800 

7 664  915 

7 664 740 

7 664  a40 

R O I N A T E S  

E 

509 695 
509 665 
509 630 
509 600 ND 
509 5 6 5 m  
509 5 3 5 m  
509 500ND 
509 470 
509 435 
509 405 
509 370ND 

509 39Om 

509 440 
509 410 
509 375 
509 345 
509 315 
509 280ND 

509 2 3 5 m  

509 410 
509 390 
509 355 
509 325 
509 280 
509 255 
509 240 
509 225 ND 
509 210 
509 195ND 
509 160m _ "  "_ 
509 130 
509 065m 

509 0 8 5 m  

Note: C . L .  - CE 
MD - Not 

ter Line 
rilled 
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STCrlON 

22+00 500s 
100s 

50s 
c .L. 

23iOQ C.L. 

20+00 200N 
20+50 200B 
2f+00 200N 
21+15 200d 
22+SO 20Qa 
23i00 2001 
23+50r 2001 
21+20 l0OB 
19+50 3508 
2O+OQ 3508 
20+50 350N 
21 ioo  350H 
21+50 35ON 
22+00 350N 
22+50 3508 
23+00 3501 

21+2Q 4001 
21+40 400H 
21+85 4001 
20+00 500H 
19+50 600M 

19+50 3701 

20+00 600a 
20+50 600% 
21+00 6008 
21+50 6001 
22+00 6008 
22+50 6001 
23+00 6001 
21+65 6001 
22+16 600M 
19+50 300B 

20+50 BOOB 
21+00 BOOB 

22M0 0008 
22+50 800N 

20+00 aoo8 

21+50 a m  

2 3 4 0  a m  

E U.T.U CO-ORDtNCLTES 

7 
7 664 385 
7 664 610 
7 664 635 
7 664 675 

7 664  610 

7 664 955 
7 -  664 920 
7 664 890 
7 664 080 
7 664 79C 
7 664 760 
7 664 725 
7 664 800 
7 665 100 
7 665 070 
7 665 035 
7 665 BOb 

7 664 940 
7 664 905 

7 665 115 
7 665 050 
7 665 015 
7 664 995 
7 665 180 
'7 665 290 
7 665 260 
7 665 225 
7 665 195 
7 665  160 
7 665 130 
7 665 095 
7 665 065 
7 665 150 
7 665 120 
7 665 445 
7 665 410 
7 665 380 
7 665 345 
7 665 315 
7 665 280 
7 665 250 
7 665 215 

- 7 664 970 

7 664 a75 

E 

509 2 7 0  
509 075 
509 040 
509 010m 

508 935HD 

508 995 ND 

5oa 945 

509 030 

508 9 5 5 m  

509 005 
508 9 7 O m  
508 935 
508 895 
508 855 

508 780 

508 705  ND 
508 960 
508 810 

508 7 7 5  ND 
508 835 
SO8 810 
508 770 

508 695 MD 
503 655 ND 
508 620 
508 580 
508 545 
508 645 
508 605 
508 680 ND 
508 640 * 
500 605 ND 
508 565 

508 490 
508 450 
500 415 

508 a20 

508 745 ND 

508 795 

508 735 

508  525 tw 

Note: C.L. - 
ND - N< 

:enter Line 
: Drillsd 
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0 
141 

0 

0 0 

144 

143 133 
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136 

121 
0 

126 
0 

12 4 
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/" 
("\ 
i 
\ 

0 
0 BOrUhOlU ,elevation 

LOCATIONS 
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STATION 

-6- 3505 
.6+00 3005 

!6#0 ZOOS 
16+00 150s 
16+00 100s 
L6+00 50s 
16+00 C . L ,  
16MO 50N 
L6+00 1OOM 
L6+00 150N 

L7+00 C.L. 

L8+00 200s 
L8+00 150s 
L 8 M O  100s 
18+00 50s 
1%- C.L. 
L8-0 50bl 

19MO C.L. 

20MO 4005 
20t-00 350s 
20+00 300s 
20*00 250s 
20+00 200s 
2 W O  150s 
20+00 12% 
20+00 IOOS 
20+00 75s 
20MO 50s 
20+00 C.L. 
20+00 50H 
20iOO 150H 

21+00 C.L. 

~6-0 2505 

li 7 7 664  664 790 040 I 

7 664 880 
7 664 915 
7 664 950 
7 664 990 
7 665 030 
7 .  665 065 
7 665 105 
7 665 140 
7 665 1ao 
7 665 000 

7  664  790 
7  664 825 
7 664 870 
7 664 a95 

. 7 664 935 
7 664 970 

7 664 a m  
7 664 520 
7 664 555 
7  664 590 

-7 664 670 
7 664 625 

7 664 700  
7 664 710 
7 664 725 
7 664 745 
7 664 765 
7 664 800 
7 664 840 
7 664 915 

7 664  740 

ROINATES 
E 

509 695 
509 665 
509 630 
509 600 ND 
509 5 6 5 m  
509 5 3 5 m  
509 500 ND 
509 470 
509 43s 
509 405 
509 3 7 0 m  

509 3 9 0 m  

509 440 
509 410 
509 375 
509 345 
509 315 
509 280 ND 

509 2 3 5 m  

509 410 
509 390 
509 355 
509 325 
509 280 
509 255 
509 240 
509 225 ND 
509 210 
509 195 ND 
509 1 6 0 m  
509 130 
509 0 6 5 m  

509 o a 5 m  

Note: C.L .  - Ce 
m - Not 

er L i n e  
i 1 led 

Englneering Surveys 

Co. Ltd. 

STATION 

!2+00 500s 
100s 

50s 
C.L. 

234-00 C.L. 

20+ou 200H 
204-50 200H 
21+00 200H 
21+15 200E 
22+50 20ON 
23i00 200N 
23+50f 20024 
214-20 l00H 
19+50 3508 
20+00 350N 
20+50 3501 
21+00 3501 
21+50 3501 
22+00 350N 
224-50 3501 
23+00 350B 
19+50 3701 
21+20 400N 
21+40 4001 
21+85 400B 
20+00 5001 
194-50 600B 
20+00 6001 
20+50 6001 
21+00 6001 
21+50 600M 
22+00 60ON 
224-50 600a 
m+ao 6001 
2 1 6 5  6001 
22+16 6001 
l9+50 8001 
20+00 800E 
20+50 8006 
21+00 800E 
21+5O 800E 
22+00 8 o m  
224-50 aom 
23+00 8006 

U.T.M CO. 

hl 

7 664 385 
7 664 610 
7 664 635 
7 664 675 

7 664 610 

7 664 955 
7 -  664 920 
7 664 890 

7 664 79C 
7 664 760 
7 664 7 2 5  
7 664 800 
7 665 100 
7 665 070 

7 665 006 

7 664 880 

7 665  035 

7 664 940 
' 7 664 970 

7 664 905 
7 664 875 
T 665 115 
7 665 050 
7 665 015 
7 664 995 
7 665 180 

'7 665 290 
7 665 260 

7 665 195 
7 665 225 

7 665 160 
7 665 130 
7 665 095 
7 665 065 
7 665 150 
7 665 120 
7 665 445 
7 665 410 
7 665 380 
7 665 345 
7 665 315 
7 665 280 
7 665 250 
7 665 215 

LMPERlAL OIL LIMITED ? C . < ?  

- E.S.A. Solt Samples I975 - 1"! 
Job No. I C -  7051 ~ p p e n d k  NO. I 1-7851-M-4 

B Y  ' J . K .  Smith checkad I 

&lnl - SharYoNE a 
Julv.  1969 Adwstment 

RDIPIATES 

E 

509 270 
509 075 
509 040 
509 OlOm 

500 935HD 

509 030 
508 995ND 
508 9 5 5 m  
508 945 

508 805 
508 7 6 5 m  
509 005 
508 9 7 O m  
508 935 

508 820 
508 855 

508 a40 

soa a95 

508 780 
508 745 ND 
508 705 * 
508 960 
508 810 
508 795 
508 775  

508  810 
508 a35 

508 770 

508 620 
508 500 
508 545 
508 645 
508 605 
508 680 * 
508 640 
500 605 HD 
506 565 ND 
508 525 ND 
508 440 

508  415 
508 450 

Note: C . L .  - 
m - NC 

enter Line 
Dr il l r d  



- E.B.A. Sol1 Samples 1975 - 
Jab No. I C - 7 8 5 i  Appendlx NO. I -7851-Kg 
BY J.K. Smith I Checkod I 

A R E A  
YA-YA Gravel P i t  

STATION 

l+OO IOOS 

2+00  2505 
200s 
150s 
100s 
50s 

c .L. 
3+00 C . L .  

4+00 250s 
200s 
100s 
75s 
50s 

c .L. 
5+00 C.L. 

SOP 
1001 

5+50 505 

6+00 505 
6+00 C.L. 
6+00 45P 

6-4-00 1001 

7+00 C.L. 

8+00 1505. 
8-0 IOOS 

8+00 255 
8+00 755 

8+00 C.L. 
.8#0 50H 
8-0 100H 
8 W O  150bi 

8-0 250s 

6+00 751 

8wo 2 0 0 ~  

U.T. Y CO 
u 

7 665  960 

7 665 870 
7 665 890 
7 665 910 
7 665 935 
7 665 940 
7. 665 980 

7 665 910 

7  665 710 
7 665 755 
7  665 765 

7  665 805 
7 665 845 

7 665 7a5 

7. 665 710 

7 665 675 
7 665 715 
7 665 745 

a 7  665 770 
7 665 790 

7 665  650 

7 665 470 
7 665  505 
7 665  525 
7 665  565 
7 665 
7 665  620 
7 665 660 
7 665  700 

7 665  190 
7 665 740 

Line A 

IRDlffATES 
E 

510 670 

510 710 
510 755 N1) 

510 665 
510 620 
510 580 
510 540 

510 455 

510 565 
510 480 
510 440 ND 
510 425 
510 410 
510 375 

510 300 
510 270 HD 
510 235 \ 

510  295 

510 255 
510 225 
510 195 
510 175 
510 160 

510 150 

510 170 
510 140 
510 120 
510 090 
510 075 

IMPERIAL OIL LtMiTED P C . -  

Engineering Surveys - E.B.A. Soil Samples 1375 - O f  
14 

Co. L t d .  
Job No. * C - 7851 

Checkad I ey ,J.K. Smith 
Appeodlx No. I 1-7851-.q-g 

lAEA YA-YA Gravel P i t  Line A 
Datum-Shora 
3ulk. 1969 Adwstmenf! 

P O N E  

STATION 

9+00 C.L. 

10+00 50s 
10+00 100s 

10+00 C.L. 
10+00 50B 
10+00 10OH 
10+00 150B 
10+00 200B 
10+00 2501 

11+00 C.L. 

124-00 2505 
12+00 200s 
12+00 50s 
124-00 C.L. 
12-300 1 5 8  
12+00 50FI 
12+00 lOON 
1 2 M O  150N 
12+00 200N 
12+00 250B 

13+00 C.L. 

14+00 3505 
14+00 3005 
14+00 250s 
14+00 100s 
l4+00 505 
14+00 C .L. 
14+00 50H 
14+00 1OON 
14+00 150N 

15MO C.L. 

1I.T.M CO 

Y 

7 665  520 

7 665 370 
7 665 415 
7 665 455 
7 665 490 
7 665 530 
7- 665 565 
7 665 600 
7 665 645 

7  665  390 

7 665 170 
7 665 145 

7 665 285 
7 665 325 

. 7 665 365 
7 665 335 

7 665 400 
7 665 435 
7 665 475 
7 665 510 

7 665  260 

7 664 940 
'7 664 975 
7 665 005 
7 665 115 
7 665 160 
7 665 190 
7 665 250 
7 665 270 
7 665 305 

7 665  130 

i- 
509 995 ND 

509 990 
509 955 
509 925 
509 890 
509 855 
509 825 
509 790 
509 760 

509 845M) 

509 920 
509 900 

509 7 7 0 m  
509 760 
509  740 
509 705 ND 
509  670 
509 640 BD 
509 605 

509 m o m  

509 695 ND 

509 845 
509 810 
509 780 
509 680 
509 650 
509 615 
509 575 

509 520 
509 550 

509 540 

Note: C . L .  - 
ND. - NC 

tnter L i n e  
Drilled 



LEGEND 
GLACIOFLUVIAL 

coarse grained granular material 

sond or sond w i t h  fines 
a sand and gravel 

GLACIOLACUSTRINE 
sand and gravel 

MA RlNE 
u s a n d  or sand w i t h  f i n e s  

LLllll former streom cut escarpment 
defined boundaries 

0 I 2 
I I 1 I 

MILES 

REGlONA L SURFlClA L GEOLOGY 
Ya Ya LAKE - TUNUNUK AREA 

(FROM SURFlClAL GEOLOGY A N D  LANDFORMS 
MACKENZlE  DELTA 107C- W //2, GSC OPEN FtLE 96) 

DWG. NO. 8-1 



Legend For Cross-Sections 

n 

Sand 8 Gravel 

Sand 

Ice 

Silt 

Silt a Ice 

Cloy 

Peat 

Coal 

NOTE : Stratigraphy between boreholes hos been assumed. 
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