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TABLE 2.1.2-1 

MONTHLY A'lD ANNUAL PRECIPITATION AT HIGHLAND VALLEY, 

LORNt̂  STATION, 1970-1976 (1,276 m elevation) 

Monthly Total* Precipitation (mm) Annual Winter 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total Snow 

1970 25.9 3.8 13.2 20.6 19.6 21.3 1.0 14.2 41.9 7.9 63.5 61.0 293.9 1,577 

1971 91.4 22.9 31.8 11.4 19.8 34.8 8.1 2.8 14.7 13.7 22.9 94.0 368.3 2,596 

1972 38.1 10.2 20.6 31.0 - - - - - - - - - -
1973 16.5 39.4 14.7 2.0 10.2 13.7 0.5 20.1 18.0 39.4 64.5 32.0 271.0 -
1974 89.9 31.8 19.8 10.9 21.3 10.4 28.7 36.1 3.8 25.9 35.3 30.7 344.7 1,961 

1975 49.0 52.6 19.1 21.8 31.0 36.1 8.9 23.4 8.4 15.0 21.1 18.0 304.3 2,024 

1976 8.9 27.9 10.2 6.6 20.6 32.3 15.5 98.8 10.2 10.4 10.4 9.7 261.4 1,026 

Six-year 

Means 46.9 29.7 18.1 12.2 20.4 24.8 10.5 32.6 16.2 18.7 36.3 40.9 307.3 

SD 36.4 16.4 7.6 7.8 6.6 11.2 10.5 34.2 13.5 11.9 22.9 31.3 41.8 

SD - Standard Deviation 

* Winter snow, converted to water equivalent through multiplication by 0.1, 
Is Included In Total Precipitation. 



TABLE 2.1.3-1 

PROFILE AND SITE DESCRIPTIONS OF HIGHLAND VALLEY SOILS 

Profile Description 

Horizon Depth 

(cm) 

Colour Texture Structure Roots Location 

1. Degraded Dystric Brunisols Developed on Glaciofluvial Outwash and Co*luvium 

LF 
Ae 
Bm 
C 

1-0 
0-3 
3-32 

32+ 

10 YR 6/2 gravelly sandy loam single-grained 
7.5 YR 5/4 gravelly sandy loam single-grained 
10 YR 5/4 gravelly sandy loam single-grained 

abundant O.K. Mine 
abundant road 
abundant 
occasional 

Site Description 

Elevation 

(m) 

1500 

Slope Aspect 

(*) 

10-20 

Landform Drainage 

outwash delta well 

2. Orthic Gray Luvisols Developed on Glacial T i l l 

LF 8-0 
Ae 0-5 10 YR 5/2 gravelly s i l t loam 
Bt 5-35 10 YR 2/2 gravelly clay loam 
Cgj 35+ 10 YR 4/3 gravelly clay loam 

single-grained 
weak subangular blocky 
pseudoplaty 

abundant 
few 
few 

Near O.K. 
Mine 

1900 3-6 W glacial 
t i l l 

moderately 
well 

Orthic Dark Gray Chernozems Developed on Lacustrine Deposits 

Ah 0-12 10 YR 5/2 s i l ty loam 
Ahe 12-25 10 YR 6/2 s i l ty loam 
Bm 25-30 10 YR 4/4 s i l ty loam 
BCgj 30-42 10 YR 4/4 loam 
Cgj 42+ 10 YR 6/1 loam 

weak subangular blocky 
weak subangular blocky 
blocky 
single-grained 
single-grained 

abundant 
abundant 
few 
few 
none 

Plain near 
Witche's 
Brook Creek 

1250 0-3 lacustrine 
plain 

moderately 
well 

4. Orthic Regosols Developed oh Alluvium 

H 
CI 
C2 

12-0 
0-38 

38+ 

10 YR 
10 YR 5/6 
10 YR 5/2 

organic 
sandy loam 
sandy loam 

single-grained 
single-grained 
single-grained 

abundant Floodplain 
abundant near Witche's 
few Brook Creek 

1280 0-3 floodplain poorly 



TABLE 2 , 1 . 3 - 2 

CHEMICAL AND PHYSICAL PROPERTIES OF HIGHLAND VAII.EY SOILS 

Luv i so l s on G l a c i a l H IT Reqosols cn Al luv ium Chernozems on Lacustrine Brun lso ls on G l a c i o f l u v l a l 

Horizon Ae Bt Cgj H CI Ah Bm Cgj Ae Bm C 
Parameter Depth 0 - 5 5-35 35+ 12-0 0 -38 0-12 25-30 421 0 - 3 3-32 32 

(cm) (HV5) (HV3) (HV10) (HV11) 

Phys ica l Proper t ies 

P a r t i c l e X 2flin 75 77 74 100 100 100 100 100 58 30 32 
Size X sand - 57 46 - 74 - 45 45 22 71 75 
D i s t r i b u t i o n X s i l t - 35 32 - 18 - 44 37 63 15 10 

- c lay - 8 22 - 8 - 11 18 15 15 15 
Textural c l a s s « - sandy loam loam organic sandy loam - loam loam s i l t loam sandy loam sandy loam 
Bulk densi ty (g/cm J) 1.24 - - 0.94 - 1.03 - - 1.15 - -Total poros i ty (X) 53 - - - - 61 - - 57 - -
Minirsum aerat ion poros i ty (X) 27 - - - - 26 - - 52 - -
Moisture re tent ion 0.1 bar (X) - 26.7 24.7 - 15.4 - - - - 15.6 11.5 

0 .3 bar (X) - 12.8 18.3 101.8 11.6 34.3 38.6 12.3 - 10.7 8.1 
15 bar (X) - 9.8 11.6 68.5 6 .0 21.0 22.9 6 .7 - 6.6 5.5 

A .W.S.C . (X) 13.6 16.1 12.0 31.0 14.7 13.3 16.2 5 .8 3.0 3.1 2.2 

Chemical Propert ies 

pH (CaCl?) 4.9 4 .8 4.9 5.1 5.1 5.6 5.9 6 .0 5.2 4 .8 4 .8 
Organic Rat ter (X) 3.1 2.1 1.0 48.5 0.4 5.1 3 .8 0.2 4 .8 1.9 1.9 
CEC (me / 100 g) 176.6 13.9 32.8 114.5 8.2 43.2 27.2 9.2 18.5 13.9 10.6 
Exchangeable Cations Ca (me/100 g) 7.5 5.4 10.1 68.5 6.9 26.2 28.5 21.4 4.1 4 .8 4 .8 

Mg 1.8 1.2 3.2 14.6 1.6 15.6 7.2 3.2 0 .8 1.0 1.2 
Na 0.07 0.06 0.08 1.0 0.1 0 .3 1.1 0 .3 0.02 0.04 0 .03 
K 0.31 0.32 0.39 0.6 0.2 1.5 0 .6 0 .3 0 .6 0.4 0.2 

Total N (X) 0.09 0.05 0.04 2.04 0.01 0.50 0.16 0.0? 0.11 0.05 0.03 
Total S (X) 0.006 0.009 0.001 0.26 0.02 0.02 0.05 0.001 0.001 0.003 0.003 
A v a i l a b l e Macronutr ients P (ppm) 18.8 27.9 25.5 7 16 5 1 6 23 30 22 

K 97 195 235 275 205 332 355 220 380 255 160 
Ca 1460 2110 3585 19380 2560 28170 58490 15250 1495 1725 1765 
Hg 219 295 765 1460 370 3226 3075 1035 180 235 260 

A v a i l a b l e Mic ronut r ients Cu (ppm) 9.2 6 .8 9 .5 27.5 82.1 0 0 1 .2 3.9 3.5 4.7 
Zn 4 .8 6.6 1.7 3.0 3.9 0 0 0.2 8 .3 1.2 1.5 
re 254 456 192 215 444 1 1 1 254 164 127 
Hn 135 255 40 227 30 4 5 30 241 32 16 

BrunHsols on Col luvium 

AH 
0 - 3 

95 
78 
19 

3 
loamy sand 

1.53 
42 

23.9 
14.8 

7.6 
23.7 

4.2 
14.7 
15.8 

8.6 
2.0 
0.01 
0.85 
0.13 
0.002 

29 
645 

2905 
490 

8.5 
8.1 

24 
238 

Bm 
JzlQ 
(HV2) 

90 

C 
20+ 

95 
80 
17 
3 

loamy sand 

l l . f i 
6 . 2 
3 . 2 

12.2 

4 .7 
0 . 9 
7.7 
4 .6 
1.5 
0.01 
0.4 
0.04 
0.013 
7 

156 
980 
176 

13.4 
0 . 8 

37 
81 

4 . 9 
0 . 2 
5 . 5 
2 . 9 
1.4 
0 . 0 2 
0 .1 
0.O1 
0.016 

14 
120 

1125 
315 

49. 
0 . 6 

93 
20 
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F i g u r e 2.1.2- lc 
MEAN MONTHLY TEMPERATURE AT LORN EX STATION (elev. 1,276 m.) 

1970-1971 and 1973-1976 
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F i g u r e 2.1.2b 

MEAN MONTHLY PRECIPITATION AT LORNEX STATION 1,276m.) 
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LEGEND 

Preliminary Soils and landforms Map 

Tone Parent Material 
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glacial f luv ia l 

Landform 

kames 
eskers 

terraced 
hummocky 

terraced 
slumped 

Topography 

moderately 
sloping 

Slope 

9-15% 

very steeply 30-60% 
sloping 

steeply 
sloping 

15-30% 

Soil 
Association 

Gisborne 
GN4 

Gisborne 
GN1 

Gisborne 
GN2 

Orders 

Brum* sol 

Brunisol 

Brunisol 

Great Groups 

Degraged and Orthic 
Dystric Brunisols 

ablation t i l l -
glacial f luv ia l 

kame moderately 
sloping 

9-15% 
Ab7-GN3 

Brunisol Orthic and Degraded 
Drystic Brunisols 

basal t i l l basal t i l l 
to shallow 
t i l l over rock 

steeply 
sloping 

15-30% Minnie 
MN1 

Luvisol Orthic Gray Luvisol 

basal t i l l 
slumped or 
eroding 

very steeply 
sloping 

30-60% Minnie 
Mn2 

Luvisol Orthic Gray Luvisol 

alluvium-lacustrine 
sediments 

floodplain -
lacustrine 
plain 

very gently 
sloping 

0.5-2% Regosol 
Chernozem 

Orthic Regosol 
Orthic Dark Gray 
Chernozem 

water overlying 
alluvium-lacustrine 

sediments 
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DRAWINGS 

Drawing No. T i t l e 
B-2553-1 Location Plan 
X-2553-2 Regional Hydrogeological Map 
B-2553-2A Legend for Drawing X-2553-2 
X-2553-3 S u r f i c i a l Geology Map 
B-2553-3A Legend for Drawing X-2553-3 
X-2553-4 Hydrogeologic Map of Bedrock 
X-2553-5 Hydrogeologic Map of Overburden -

Lower Aquielude 

X-2553-6 Hydrogeologic Map of Overburden -
Lower Aquifer 

X-2553-7 Hydrogeologic Map of Overburden -
Upper Aquielude 

X-2553-8 Hydrogeologic Map of Overburden -
Upper Aquifer 

X-2553-9 Transverse Sections of the V a l l e y 
X-2553-10 . Transverse Section "D" Through P i t 
B-2553-11 Section "E" Along Highland V a l l e y 
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S y m b o l j D e s c r i p t i o n s 

A p p r o x i m a t e l o c a t i o n o f upper m a r g i n s o f deep b e d r o c k v a l 
l e y s w i t h t h i c k (up to 1000 f t ) v a l l e y f i l l s composed 
m a i n l y o f s u r f l c i a l I c e - c o n t a c t and o u t w a s h d e p o s i t s 
( e s k e r s , kames , kame d e l t a s , kame t e r r a c e s , a b l a t i o n t i l l , 
v a l l e y o u t w a s h and o u t w a s h d e l t a s ) p l u s u n d e r l y i n g b a s a l 
t i l l , s t r a t i f i e d d r i f t , I n t e r g l a c i a l and p o s s i b l y p r e -
g l a c i a l a l l u v i u m , and t a l u s . The w a t e r t a b l e In t h e s e 
u n c o n s o l i d a t e d s e d i m e n t s a p p e a r s t o be s i t u a t e d near 
g round s u r f a c e b e n e a t h the v a l l e y b o t t o m . Such a c o m 
p l e x l y l a y e r e d s u c c e s s i o n o f s e d i m e n t s o f v a r i a b l e p e r 
m e a b i l i t y and t h i c k n e s s r e p r e s e n t s a p o t e n t i a l l y l a r g e 
g r o u n d w a t e r S t o r a g e r e s e r v o i r . A n t i c i p a t e d c o e f f i c i e n t s 
o f p e r m e a b i l i t y s h o u l d range r o u g h l y f r o m 0 . 0 0 1 to a b o u t 
2 I g p d / f t 2 In the b a s a l • ( l o d g e m e n t ) t i l l and In the p r e 
l o a d e d l a m i n a t e d s i l t l a y e r s , t t o 10 I g p d / f t 2 In t h e 
a b l a t i o n t i l l , 50 t o 200 I g p d / f t 2 In the f i n e sand l a y e r s , 
200 to 2000 I g p d / f t 2 In the p r e l o a d e d sand and g r a v e l s t r a 
t a , and 2000 t o 5000 I g p d / f t 2 In t h e c l e a n e r s u r f l c i a l o u t -
wash d e p o s i t s h a v i n g l i t t l e s i l t . The p e r m e a b i l i t y o f 
some o f the v e r y c o a r s e g r a v e l l a y e r s (where mud l o s s e s 
have been e x c e s s i v e ) m i g h t r e a c h 15000 I g d / f t 2 . 

H i g h l y I r r e g u l a r u p l a n d u n d e r l a i n by m o s t l y g r a n i t i c 
r o c k s h a v i n g a t h i n and p a t c h y t i l l c o v e r w i t h p o c k e t s 
o f somewhat d e e p e r b o u l d e r y d r i f t In t h e h o l l o w s . The 
land s u r f a c e l i e s g e n e r a l l y above e l e v a t i o n 'toOO, E x 
p e c t some f r a c t u r e ( s e c o n d a r y ) p o r o s i t y and p e r m e a b i l 
i t y to a d e p t h o f about 150 f t and r e l a t i v e l y t i g h t 
g r a n o d l o r l t e r o c k b e l o w t h i s e x c e p t f o r o c c a s i o n a l 
f a u l t s t h a t may c o n t a i n openwork f a u l t gouge . W e l l s 
t o 150 f t deep In the g r a n i t i c r o c k s may have mean 
y i e l d s o f anywhere f r o m 1 t o 50 Igpm, w i t h t t o 10 
Igpm b e l i n g more l i k e l y . 

P l a c e s i n t h e H i g h l a n d V a l l e y w h e r e , i n l a t e g l a c i a l 
t i m e s , dumps o f i c e - m a r g i n a l g l a c i a l d r i f t were a c c u 
m u l a t e d . The number shown i s not n e c e s s a r i l y in o r d e r 
o f t h e i r age o f f o r m a t i o n , but the o r d e r seems r e a s o n 
a b l e . These I n f e r r e d I c e - m a r g i n a l l o c a l i t i e s r e p r e s e n t 
a p p r o x i m a t e p o s i t i o n s o f t e m p o r a r y g l a c l e r - l c e s t i l l -
s t a n d s o r , p e r h a p s , the s i t e s o f l o c a l and m i n o r r e a d -
v a n c e s o f t h e Ice t e r m i n u s . The t i c k s I n d i c a t e t h e 
i n f e r r e d g l a c i e r s i d e o f t h e w a s t i n g Ice t o n g u e s . 

Symbo11 D e s c r i p t i o n s 

P r e s e n t - d a y , o r modern , d r a i n a g e c o u r s e s 

F a u l t o r g r a b e n - l l k e f a u l t b l o c k m a r g i n ( d e f i n i t e and 
d e f i n e d a p p r o x i m a t e l y f rom the l i t e r a t u r e and f r o m 
a l r p h o t o s * , i n f e r r e d and a p p r o x i m a t e and d e t e r m i n e d 
f rom I n s p e c t i o n o f h i g h - a l t i t u d e a l r p h o t o s and s c a t 
t e r e d b o r e h o l e l o g s ) 

/ 
E s k e r r i d g e 

D i r e c t i o n o f l a s t g l a c i e r - i c e f l o w on t h e u p l a n d 

G 

L a r g e slump b l o c k s o r c r e s c e n t l c s c a r s o f s lump h e a d w a l l 
on u p l a n d 

U p l a n d g r a n u l a r d e p o s i t s 

S:NOTE: Drawing taken from ^intey, Klohn t L^anofC* 
Report 'J .A. Mine Feasibility Study" 
prepared for Bethlehtim Copper Conwat'ion 1 
Ltd . , September, 1972. 
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Symbols D e s c r i p t i o n 

GM 
G r o u n d - m o r a i n e d e p o s i t s . T h i n and p a t c h y veneer o f 
w i l t y sand to s i l t y g r a v e l g round m o r a i n e ( t i l l ) 
o v e r h i g h l y uneven d e e p l y e r o d e d g r a n i t i c I n t r u s i v e 
r o c k s . R e s t r i c t e d to u p l a n d , m o s t l y above e l e v a t i o n 
4 6 0 0 . R e l a t i v e l y low p e r m e a b i l i t y . E x p e c t d e e p e r 
t i l l In l o w - l y i n g p o c k e t s . The s u r f a c e i s l o c a l l y 
f l u t e d . 

KT 
K a m e - t e r r a c e d e p o s i t s on v a l l e y s i d e s m a i n l y between 
1*000 and 4600 e l e v a t i o n . Complex a s s o c i a t i o n o f 
a) weak washed c o a r s e s tony f l o w t 1 1 1 ; b) poor 1y 
s o r t e d d i r t y s t r a t i f i e d g l a c i o f l u v i a l sand and g r a 
v e l ; c ) cI can and we 11 s o r t e d g l a c i o - f l u v i a l sand 
and g r a v e l ; d) s u r f a c e c o b b l e s and s m a l l to l a r g e 
b o u l d e r s . T h i s u n i t Is complex 1y bedded . P o o r I y 
s o r t e d g r a n u l a r s t r a t a c o n t a i n numerous t i l l i n c l u 
s i o n s . E x p e c t m o s t l y in termed i a t e perinea b 11 i t y 
w i t h f r e q u e n t h i g h - p e r m e a b 1 1 I t y p o c k e t s and l e n s e s . 
In d e t a i l , h i g h l y v a r i a b l e i n c o m p o s i t i o n . D e p o s i 
t i o n o c c u r r e d between d o w n w a s t l n g s t a g n a n t g l a c i e r 
Ice and nearby v a l l e y w a l l . 

» » » > E s k e r . H o s t l y sand w i t h some g r a v e l s i z e s . H i g h 
p e r ^ a b i 1 I t y . 

L ^ H D " H a n g i n g " d e l t a d e p o s i t s . M o s t l y sand w i t h some 
g r a v e l Iy beds and s u r f a c e c o b b l e s . I n c l u d e s e s k e r -
d e i t a and k a m e - d e l t a as w e l l as f l u v i a l inwash 
d e l t a s . F i a t - t o p p e d w i t h l o b a t e f r o n t . Expect 
h i g h p e r m e a b i l i t y . These d e p o s i t s g e n e r a l l y o c c u r 
h i g h on v a l l e y s i d e s and a r e t h e r e f o r e " h a n g i n g " 
and d r a i n e d . Common s u r f a c e e l e v a t i o n s a r e 4 0 5 0 * , 
4 l 5 0 ± ( m a i n l y ) , and ^375±- Note HD k where k e t t l e d . 

V a r i a b l y s o r t e d , c o a r s e s t o n y a b l a t i o n m o r a i n e 
( t i l l ) w i t h numerous i n c l u s i o n s o f s t r a t i f i e d s i l t , 
sand and g r a v e l . L o c a l l y w i t h a b o u l d e r y s u r f a c e . 
I n t e r m e d i a t e p e r m e a b i l i t y on a v e r a g e but h i g h l y 
e r r a t i c . In the m a p - a r e a , t h i s u n i t o c c u r s as low 
hummocky m o r a i n e c o n f i n e d m o s t l y to the v a l l e y f l o o r 
between 3900 and 4000 a p p r o x i m a t e l y and c h i e f l y e a s t 
o f the a i r s t r i p . 

I s o l a t e d kames . M o s t l y p o o r l y to w e l l s o r t e d 
s t r a t i f i e d sands and g r a v e l l y sand w i t h c o a r s e 
f l o w t l l l ( a b l a t i o n t i l l t h a t has s l i d o f f the 
a d j o i n i n g s t a g n a n t s t e e p I ce m a r g i n ) . I n t e r 
m e d i a t e to m o s t l y h i g h p e r m e a b i l i t y s e d i m e n t s . 
L a r g e l y s t r a t i f i e d d r i f t w i t h m i n o r t i l l . 
C h i e f l y c o n i c a l t o e l o n g a t e s t e e p - s i d e d knobs 
l o c a t e d In the v a l l e y bo t tom and a l o n g l o w e r 
v a l l e y s i d e s . 

• 
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K.mio-mrirnlno d e p o i l t . M o s t l y tiummocky 1 c o - r o n j n c t 
s t r a t i f i e d s a n d , g r a v e l and c o b b l e s o v e r l y i n g and 
l o c a l l y In te rbedded w i t h a b l a t i o n t i l l . F c n - s t h e 
d i v i d e between Qui 1 t a n t o n Lake and B i g D i v i d e L a k e , 
c h i e f l y between 3935 and 4050 e l e v a t i o n . I n t e r 
m e d i a t e t o h i g h p e r m e a b i l i t y . G e n e r a l l y h i g h l y 
v a r I a b l e . 

LS 
L a c u s t r i n e s i l t w i t h m i n o r p o s t g l a c i a l a l l u v i a l 
s i l t . M o s t l y t h i n (0 to 5 f t ) l a m i n a t e d s i l t and 
v e r y f i n e sand w i t h minor c l a y e y s i l t bands and 
o v e r l y i n g l o o s e s tony a b l a t i o n t i l l o r o u t w a s h -
d e l t a sand and grave I. The l a c u s t r i n e m a n t l e 
seems to r e a c h e l e v a t i o n 3910 a p p r o x i m a t e l y ; but 
has been removed by s t r e a m e r o s i o n a l o n g p r e s e n t -
day and fo rmer W i t c h e s B r o o k s s t r e a m c h a n n e l s . 
G e n e r a l l y low p e r m e a b i l i t y . 

O u t w a s h - d e l t a c o b b l y , g r a v e l l y and sandy d e p o s i t s 
becoming f i n e r ( h i g h e r sand c o n t e n t ) toward the e a s t 
and n o r t h , p o s s i b l y w i t h some s i l t and t i l l I n t e r -
b e d s . L e v e l and n o n - k e t t l e d . O c c u p i e s the v a l l e y 
bo t tom In t h e f l a t a r e a s o u t h and southwes t o f t h e 
a i r s t r i p . E x t e n d s ' b e l o w the LS u n i t In e a s t e r n 
p a r t o f m a p - a r e a . E x p e c t r e l a t i v e l y h i g h purme-
a b l 1 1 t y s t r a t a . 

KO 
K e t t l e d o u t w a s h and c o l l a p s e d a b l a t i o n t i l l i n 
v a l l e y b o t t o m . H o s t l y c l e a n to s i l t y sand and 
g r a v e l o v e r l a i n by s u r f r c l a l ponded p o s t g l a c i a l 
s e d i m e n t s . H o s t l y h i g h p e r m e a b i l i t y s t r a t i f i e d 
s e d i m e n t s w i t h numerous t i l l I n c l u s i o n s and 
p o s s i b l y g roundwater b a r r i e r s o f b u r i e d a b l a t i o n 
t i l l . H igh wate r t a b l e . M a r s h y . H o s t l y be low 
3950 to 4000 f t e l e v a t i o n . Merges In t o 00 map 
u n i t . 

A l l u v i a l f a n s . H o s t l y p o o r l y to w e l l s o r t e d sand 
and g r a v e l s t r a t a d e p o s i t e d as f a n - s h a p e d d e p o s i t s 
l o c a l l y a l o n g and j u s t above t h e edge o f t h e v a l l e y 
b o t t o m . L o c a l l y , may I n c l u d e p a r t s o f h i g h e r - l e v e l 
h a n g i n g d e l t a s . G e n e r a l l y h i g h p e r m e a b i l i t y s u b 
s o i l s . 

M O T E : D r a w i n g t a k e n fro .M R i p l e y , K l o h n £ Leo:>off 
R e p o r t " J . A . M i n e F e a s i b i l i t y S t u d y " p r e p a r e d 
for B t t h l e h o m C o p p e r C o r p o r a t i o n L t d . , 
S e p t P n i i x - r , 1972. 
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