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[:::1 ORGANIC MATERIAL 

~ CLAY 

~ SILT 

MMd SAND 

~ GRAVEL 

S I ...•. 1.4" SPLIT SPOON 
Ss .•••• 1.4" SPLIT SPOON 
Sl .•••• 2 5" SPLIT SPOON 
Sh ••••• 2.5" SPLIT SPOON 
Sa ••••• 2.0" SPLIT SPOON 
Sz ••••• 1.4" SPLIT SPOON 
Sp ••••• 2.5" SPLIT SPOON, 

EXPLANATION OF SELECTED SYMBOLS 

STANDARD SYMBOLS 

~ COBBLES 8 BOULDERS 

(~~~ CONGLOMERATE 

~ SANDSTONE 

[] MUDSTONE 

~ LIMESTONE 

SAMPLER 

WITH 47# HAMMER 
WITH 140# HAMMER 
WITH 140# HAMMER 
WITH 340# tiAMMER 
WITH 140# HAMMER 
WITH 340# HAMMER 
PUSHED 

IGNEOUS ROCK SANOY SILT 

METAMORPHIC ROCK SILT GRADING TO 
SANOY SILT 

ICE, MASSIVE 
SANDY GRAVEL, 
SCATTERED COBBLES 
(ROCK FRAGMENTS) 

ICE- SILT INTERLAYERED SAND 
a SANDY GRAVEL 

ORGANIC SILT SILTY CLAY w/TR SAND 

TYPE SYMBOLS 

Ts •••• SHELBY TUBE 
Tm •.•• MODIFIED SHELBY TUBE 
Pb •••• PITCHER BARREL 
Cs •••• CORE BARREL WITH SINGLE TUBE 
Cd •••• CORE BARREL WITH DOUBLE TUBE 
Bs •••• BULK SAMPLE 

Hs ••••• 1.4" SPLIT SPOON DRIVEN WITH AIR HAMMER 
HI ••••• 2.5" SPLIT SPOON DRIVEN WITH AIR HAMMER 

A •.••. AUGER SAMPLE 
G ••••• GRAB SAMPLE 

NOTE: SAMPLER TYPES ARE EITHER NOTED ABOVE THE BORING LOG OR ADJACENT TO IT AT THE RESPECTIVE 
SAMPLE DEPTH. 

TYPICAL BORING LOG 

Elev. 274.6 -ELEVATION IN FEET 
All Samples s 5 ...-SAM,PLER TYPE 

ORGANIC MATERIAL o, 
Cansod Vos1ble Ice 0-7 ICE+ML I 

ICE -SILT 
sttmote 65°/0 V1S1ble lee 

I 90,56.2% STRATA CHANGE 
llllll'~j......:>.L_.:....:.:....:..:~:.:.._ __ L._ __ 7' 

SANDY SILT 

_ - - __.-::.APP!!!:_XI~~TE STRATA CHANGE 

Little to No ViSible Ice 13'·30' V, -ICE, OESCRIPriON 8 CLASSIFICArtON 

\

2, 57.1 %, 85.9 per, 28~ GP (CORPS OF ENGINEERS METHOD) 

" TEMPERAruRE, °F 
FROZEN GROUND \"\ 

' ' ....._UNIFIED OR FAA CLASSIFICArtON 

DRY DENSITY 
WATER CONTENT 

WD: 

WL: 

WS: 

SLOWS/FOOT 
SAMPLE NUMBER 

SANOY GRAVEL 
26' 

95 
SCHIST- GENERALIZED SOIL OR ROCK DESCRIPTION 

DRILLING SYMBOLS 

While Drilling 

Water Level 

While Sampling 

A13: 
TO: 

30' T.D.- TOTAL DEPTH 

After Boring 
Total Depth 

Note: Water levels indicated on the boring Io2s are the levels measured in the 
boring At the times indicated. In pervious unfrozen soils, the indicated elevAtion• 
Are considered to represent actual ground water conditions. In impervious and 
frozen soils, accurate determinations of ground water elevations cannot be obtained 
within a limited period of observAtion and other evidence on ground water elevations 
And conditions are required. 

EXPLANATION OF SELECTED SYMBOLS 

RAM CONSULTANTS, INC. 

PREPARED FOR• 
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SOILS 
CLASSIFICATION AND CONSISTENCY 

CLASSIFICATION: Identification and classification of the soil is accomplished in 
accordance with the Unified Soil Classification System. Normally, the grain size 
distirbution determines classification of the soil. The soil is defined according to 
major and minor constituents with the minor elements serving as modifiers of the 
major elements. Minor soil constitutents may be added to the classification 
breakdown in accordance with the particle size proportions listed below; (i.e., 
sandy silt with some gravel, trace clay). 

no call - 0-3% trace - 3-12% some - 13-30% sandy, silty, gravelly - >30% 

Identification and classification of soil strata which have a significant cobble and 
boulder content is based on the unified classification of the minus 3 inch fraction 
augmented by a description (i.e., cobbles and boulders) of the plus 3 inch 
fraction. Where a gradation curve, which includes the plus 3 inch fraction, exists 
(samples from test trenches and pits) a modifier is used to describe independently 
the percentage of each of the two plus 3 inch components. If there is no gradation 
curve incorporating the plus 3-inch fraction (as in auger holes), the plus 3-inch 
material is described as a single component (i.e., cobbles and boulders), and a 
modifier is used to indicate the relative percentage of the plus 3-inch fraction based 
on the field logs. The modifiers in each case are used as follows: 

Scattered - 0-40% Numerous - > 40% 

SOIL CONSISTENCY - CRITERIA: Soil consistency as defined below and determined 
by normal field and laboratory methods applies only to non-frozen material. For 
these materials, the influence of such factors as soil structure, i.e. fissure 
systems, shrinkage cracks, slickensides, etc., must be taken into consideration in 
making any correlation with the consistency values listed below. In permafrost 
zones, the· consistency and strength of frozen soils may vary significantly and 
unexplainably with ice content, thermal regime and soil type. 

Very Loose 
Loose 
Medium Dense 
Dense 
Very Dense 

Cohesionless Soils 
N 

(blows/ft) Relative Density 

0 - 4 
4 - 10 

10 - 30 
30 - 50 

>so 

20% 
20 to 40% 
40 to 60% 
60 to 80% 

>80% 

Very Soft 
Soft 
Medium 
Stiff 
Very Stiff 
Hard 

Cohesive Soils 
N 

(blows/ft) qu - (tsf) 

0 - 2 
2 - 4 
4 - 8 
8 - 15 

15 - 30 
>30 

0 - 0.25 
0.25 - 0.5 
0.5- 1.0 
1.0- 2.0 
2.0 - 4.0 

>4.0 

* Standard Penetration "N": Blows per foot of a 140-pound hammer falling 
30 inches on a 2-inch OD split-spoon except where noted. 

Often the split-spoon samplers do not reach the total intended sample depth. Where 
this occurs the graphic log notes a refusal (Ref.) and give an indication of the 
cause of the refusal. Tight soils are indicated by a blow count value followed by a 
penetration length in inches. The presense of large rock fragments is indicated by 
a cobble and boulder callout following the refusal callout. In certain instances a 
blow count of 100+ may be listed to indicate tight soils where total sampler 
penetration is possible with more than 100 blows per foot. 

PREPARED FOR• 

RIM CONSULTANTS, INC. 
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EXPLANATION OF ICE SYMBOLS 

Perc~ntage of visible ice has been grouped for the purpose of designating the 
amount of soil ice content. These groups have arbitrdrily been set out 

as follows: 

O% 
1%- 10% 

11%- 20% 
21%- 35% 

>35% 

No Visible Icc 
Lit tlc Visible lee 
Occasional Visib];o Ice 
Some Visible kl' 
Considerable Visiblt: Icc 

The ice description system is bciscd on that presented by K. A. Linell, and 
C. W. Kaplar (1966). In this system, which is an exlension of the Unified 
Soil Classification System, the amount and physical clldracteristics of the 
soil ice are accounted for. The following table is a brief summary of the 
salient points of their classification system as modified Lo meel the needs 
of this study. 

ICE DESCRIPTIONS 

GROUP ICE VISIBILITY 8 CONTENT 
SYMBOL 

N Ice not visible 

v Ice visible, <50% 

Ice visible, >50% 
ICE 

Individual layer >6" thick * 

SUBGROUP 

DESCRIPTION SYMBOL 
Poorly bonded 
or friable 

:No ••cess 
Well ~"-'----
bonded 1 E•cess 

1 1 ce 
lnd1Voduol ICI 
crystals or 
inclusions 

Ice coot1nq-s 
on port1 cles 

Random or 
irrequlorly 
or1ented 1ce 
formot1ons 
Stratified or 
d1stonctly oriented 
ice formations 

Ice with so11 
Inclusions. 

Ice w1thout 
soil Inclusions 

ICE+ 
soi I type 

ICE 

• In some cases where the soil is ice poor o thin 1ce Ioyer may be called out 
by special notation on the loq, i e. 2'' ice lens at 7' 

PREPARED BY I 

-;ll~ ··•·.:t:) ~~i ·>.· ~~Cs:-: · ... · .. ·· 
RAM CONSULTANTS, INC. 

EXPLANATION OF ICE SYMBOLS 

PREPARED FOR• 
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IIIII CONSULTANTS. .C. 

-

AH-Gl 
7-22-80 

Sp 

Sp 

Sl 

Sl 

Sl 

Sl 

Sl 

Sl 

Sl 

Sl 

Sl 

0' 

-------- .5' 
SILT 

Jd.-------4' 
30 

GRAVEL \'.'/TRACE SILT 

Scattered Cobbles, 11' - 23' 

Boulder at 23', Refusal 

~~-----------------------23'T.D. 

\'lATER TABLE NOT EriCOUNTE!U:D 

BORRO~' AREJI. G 
AUGER HOLE JIJ:-Gl 

Scale 1"=2' 



SP 

SP 

Sl 

Sl 

Sl 

Sl 

Sl 

Sl 

PREPARED BY I 

RAil CONSULTANTS, INC. 

------- ---o.5' 
2 Seasonal Frost . 5-l. 5' 

89 
SANDY GRAVEL W/TRACE 
SILT 
Brown to Gray, Subangular to 
Subrounded 

Refusal 
Scattered Cobbles, 6'-11' 

Refusal 

Refusal 

Boulder at 11', Refusal 
~~~-----------------------ll'T.D. 

WATER TABLE NOT ENCOl~TERED 

BC'RRC~' Jl.REA G 
JI.UGER 1-!CLE AH-G4 

Scale 1"=2' 

-

.. 

... 

.. 

.. 

.. 

.. 

.. 
PREPARED FOR• .. 
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AH-G9 Elevation 982.0 1 

8-22-81 0.0 1 

PREPARED BY' 

1 oRGANIC MA'rERIAL o. s 1 

SILT WITH SOME ORGANICS 
AND TRACE SAND 

~,G_r __ a~y_-_B_r_o_M~1 _____________ .1.5 1 

SAND WITH SOJ.Illi GRAVEL 
AJ.'l'D TRACE SILT 
Gray 

25 8, SP-SM 

@) lO,SP-SM 

(j) 9, SP-SM 

@ 13,. SP-SM 

12.5 1 Cobble 

Ref~ Cobble 

SANDY GRAVEL 
Gray 

- ___ 15.0 1 

15.0 1 -22.0 1 Scattered to 
Numerous Cobbles and 
Boulders 

Sh 

Sh 

Sh 

Sh 

-- --.30.0 

22.0 1 -39.0. Scattere~ 
Coi..>bles 

SANDY GRAVEL 

42.0'-44.0' Cobble 
Layer 

3.7%, 130.9 Pcf.,GW-~P 

44.0'-50.0' Scattered 
Cobbles 

..,.,..,~f-+,......- ---- ---- ----_50 • 0 I 

Sh 34, 6.8%, 98.7 pcf. ,SP 
SAND WITH TRACE 
SILT 
-;RAY 
52.0'-55.0' Cobble 
Layer 

~~~---------------------------55.0' 
Water Table l-Jot Encountered. T.D. 

PREPARED FOR= 

BORROW AREA G 
AUGER HOLB AH-G9 

R&M CONSULTANTS, INC. 
Scale: 1"=4 



Sp 
Sp 

Tm 

Sh 

Sh 

Sh 

Sh 

Sh 
Sh 

Sh 

Elevation 980.0' 

0.0' 
~~~/'iuo)i:RUG~A~i-.JY:rf<c~MA~T=;;Ej;RRTIAML~--

0 3 
, 

ILTY Sill~D WITH SOME ORGM-.JICS 
~~~~~G_r_a_y_B_r_o_w_n ________ l.S' 

SAND 

GD4, 30.9%, 72.7 pcf.,SM 

@ 10, 15. 7%, 89.6 pcf., sr1 

14.;....:.:+-+-~ -- --------6. 0' 
11, 11.7%, 94.8 pcf., SP-SM 
SAND HITH TRACE SILT 

90.2 pcf.; SP-SM 

__ 9.0' 

SANDY GRAVEL WITE SCATTERED TO 
NUMEROUS COBBLES AND BOULDERS 

Grey 

Water Table Not Encountered. 

PREPARED BY' 

R&M CONSULTANTS, INC. 

BORROW AREA G 
AUGER HOLE AH-GlO 
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.. 
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Scale: 1"=3 
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ORGANIC MATERIAL 
~.-------------- 0. 4' 

0 

SILT WITH 
AND TRACt: 
Brown 

SOHE ORGAIHCS 
SAND 

@Ref. I Cobble 

16 

14.7% 1 119.6 pcf. 1 SM 

SAND WITH SOME SILT AND 
GRAVEL 

Light Gray 

--- -- -- __ 15.0' 

R&M CONSULTANTS, INC. 

BORROW AREA G 
AUGER HOLE AH-Gll 

-- -- _15.0' 
@ 32 1 11. 2%, 128. 9 pcf. 1 SM 

GRAVELLY SAl~D WITH SOI1E 
SILT 
Light Gray 

@51 SM 

~ llO SH 
~""""'"L....L-\-!::.};/------------~1. 0 I 

T.D. 
Thermal Probe Installed to 31.0' 
Water Table Not Encountered . 

PREPARED FOR: 

Scale: 1"=3 



0.0 1 

")..,.,,...o_R_G_A_N_I_c_M_A_T_E_R_I_A_L ___ 0 • 3 1 

SILT WITH SOME ORGANICS 
AND TRACE SAND 
Brown 

@9 

~~~..,...,-::-,....----------- 4 • 0 I 

5 14, SP 

GRAVELLY SAl'JD 
Gray 

Sh @)8. SP 
....,..,~H---· _________ 6.0 1 

Sh 6.8%, 137.2 pcf.,G~-GM 

Sh 7.1%, 143.2 Pcf., GP-GM 

Sh GP-GM 

GRAVEL WITH TRACE 

Sh 

ARGILLITE 

* 

~~LL-------------------l3.5 1 T.D. 
* Blow Counts Not Available 

Thermal Probe Installed to 13.5 ft. 

PREPARED BY • 

R&M CONSULTANTS, INC. 

BORROW AREA G 

AUGER HOLE AH-Gl2 

PREPARED FOR• 

Scale· 1"=3 1 
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AH-Gl3 

® 

SAND WITH SOME ORGANICS 
AND TRACE SILT 
Gray 

·>~ 
Sh (·:<: @ 24, 24. 7%, 98. G pcf. : SW-SM 

... •. 

PREPARED BY I 

® 13, 18%, 101.6 pcf. , s;J-Sivl 

pcf. ,SW-SH 

pcf. ,SW-SH 

Sfu~D WITH TRACE SILT AND 
GRAVEL 

Gray 

11.5'-13.5' Scattered 
Cobbles 

-------- -----13.5' 
SILT WITH SOME SAND 
Gray 

SILT WITH SOME SANO 
AND SOME TO TRACE CLAY 

Gray 

--- -- -- -- - -20.0' 

BORROW AREA G 
AUGER HOLE AH-Gl3 

R&M CONSULTANTS, INC. 

Sh 

Sh 

Sh 

-20.0' 
12, GM-SM 

SANDY GRAVEL WITH SOME 
SILT 

Gray 

J.,;._:.:;:o~·.Y+-- ------ -- -- ---25 • 0' .Yo @ 35, SW-SI1 
0 ... ·. 

: ·.p 
0 . . . o:,-
0 ·o·.· 

=. •J 
~0. 
~ .. ·,. : 
0 . . . ·o 

Oo> .•.... 

0 . .. . . .. 

GRAVELLY SAlm HITH 
TRACE SILT 
Gray 

95 

106 I S\V-Si'-1 

26.5'-35.0' Scattered 
Cobbles 

·•· ·0. 

~~C/~-~~~-~--~-----------------------35.0' 
T.D. 

Thermal Probe Installed to 33.0' 

PREPARED FOR• 

Scale: 1"=3' 



AH-Gl4 

8~-~2~9~-~8~1~-----------------------D.O' 
Sp 1 -- ~0---RG __ M~_I_C __ MA __ T_E_R_I_A_L ______ ~O.S' 
Sp ,.., ,.. f2\ 

,.. - 'VPEAT 

Sp ::::: ,..,,.., 
,.., ,..., 

Sp,.,,... 

Brown 

® 
@) 

SILT VVITH SOME ORGANICS 
~--,.,.,:;..,.~~Brown __________ 5. 5 • 

Sh 

Sh 

27 1 SM 
SAND WITH SOME GRAVEL 
AND SILT 

135.:5 pcf. 1 SM 

Sfu~D WITH SOME GRAYEL 
AJ.-.JD TRAC~ SILT 

Gray 

12.0'-18.5' Scattered 
Cobbles 

2 89 1 7. 0% 1 138.1 pcf. , SP-SM 

23.0' 

-- --- -- ___ ,23 . 0 ' 

SILT WITH SOME SAND, 
SOME TO TRACE CLAY AND 
TRACE GRAVEL. 

23.5% 1 101.4 pcf. 1 ML-MH 

Water Table Not Encountered 
Thermal Probe Installed to 29.0' 

PREPARED FOR= 

BORROW AREA G 
AUGER HOLE AH-Gl4 

R&M CONSULTANTS, INC. 

Scale:l"=3' 
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052506 November 10, 1981 
PROJECT NO. R$M DATE 

Client: Acres American, Inc. CONSULTANTS, INC. 

PROJECT NAME SusHna H:¥di:oelecti:lC 
SUMMARY OF LABORATORY TEST DATA PARTY NO. PAGE NO. 

l of 3 

~ ,,DEPTH N 
[;4l? 

WET DRY MOISTU 8 [;4 
p.. 0 I r-i Co 2" 11.11 l" ¥4" l/2" ¥8" #4 10 20 40 80 100 200 L.L CLASS ~ONTENT Ul ....:! /2 Zp.. 

[;4 0 ~ Z ( feet) I I 
~U) DENSITY PENSITY % 8 ::X:: fu ~ -

RE 

I•T"l'G 1 2 5. 0' 100 67 67 63 59 56 52 48 35 20 9 6 2 2 0.9 !2.73 SP-SW 

* ** SP-SW TTG 1 3 16. 0'· 72 29 2__9 _29 27 26 21 22 1 h 1 n 7 5 3 2 1 . £1 b 7b 

TTG l 4 25.5' 100 96 86 72 54 42 12 8 _4 4 2.h b 7? 
GW 

23 7 

TTG l 5 37. 0' 100 57 57 56 54 52 50 48 45 40 :n ?F. 7 Cl ') II 12.76 GW 

TTG 2 l 2. 5' lOfi 99 98 92 87 84.8 ? 82 
ML-MH 

TTG 2 2 6.0' 100 99 82 ---f----- - 40 14 2 l 0.4 ) .78 
SP 

TTG 2 3 6.5' 100 97 76 60 58 52 47 38 23 9 7 2 2 1 1 ? .R7 GP 

TTG 2 4 8. 0' 57 26 26 26 23 22 20 18 16 13 9 s ? 1 Q 0.7 1:>.86 SP 

TTG 2 5 15. 0' 51 30 30 26 23 21 18 16 12 9 5 3 l 1 0.5 1:>.87 GP 

TTG 2 8 18.0' 80 57 55 51 44 38 32 27 20 16 12 7 4 3 1.2 1:>.79 GW I 

·-· 

TTG 2 9 24, 5' 81 52 52 47 41 36 31 27 21 16 12 9 4 3 1.3 1:>.33 GW 

iAHG 9 4-8 3. 0-10. 100 96 96 94 94 93 82 65 48 36 _32 17 1 1 . ? "i£1 
SP 

~HG 9 14 45.0-46. 100 67 64 58 43 39 34 
f---

29 20 11 3 3 1.7 .53 GW-GP 135.7 130.9 3.7 

IAHG 9 15 50..0- 51. P.oo 86 38 9 7 4.2 1;1.79 SP 105.4 98.7 6.8 

ln~r.: lC 1-5 1. 5-6.0 p.oo 99 99 98 84 75 36.1 ~.63 SM 

IAHG lC 4 3.0-4.5 q£1 c; 7? ') 10.q 

~HG lC 5 4.5-6.0 103.7 89.6 15.7 
fi.HG lC 6-8 6.0-9.0 iJ.-00 95 89 85 39 29 9.1 .64 SP-SM 

* 9"-12" 
REMARKS: ________ ~------------------------------------------------------------** 3"-9" 

NOTE: SIEVE ANALYSIS= PERCENT PASSIN< 
1 



052506 

R¢M 
November 10, 1981 PROJECT NO. DATE 

CLIENT: Acres American, Inc. CONSULTANTS, INC. 

PROJECT NAMESusitna Hydroelectric PAGE NO. 2 of 3 PARTY NO. SUMMARY OF LABORATORY TEST DATA 

DEPTH WET DRY jMOISTU 
'")II . 1·'' 1" 3/4' I 1/2" 3/8" #4 16 20 40 80 1·JO 200 L.L CLASS f:ONTENT 

(feet) ... 1?2 DENSITY DENSITY % 

RE 

AHG10 6 6.0-7.5 105.8 94.8 11.7 
-· 

AHG10 7 7.5-8.5 ll0.8 90.2 22.9 

AHGll 6,7 6.5-9.5 100 98 95 83 74 61 50 33 29 17.9 SM 

AHG11 6 6.5-8.0 128.9 110.8 16.J. 

AHG11 7 8. 0-9. 5 137.2 119.6 14.7 

AHG11 ~-11 15. 0-31. 0 100 93 89 86 79 66 55 46 40 26 22 14.1 SM --- -----

AHG11 8 15.0-16.5 143.3 128.9 11.2 
·--·· 

AHG12 5,6 4.0-6.0 100 93 86 82 79 66 56 45 36 21 16 2.4 SP 

AHG12 7-9 6.0-9.5 100 91 80 74 64 60 47 38 29 23 15 12 8.1 GP-;-GM 

AHG12 7 6.0-7.5 146.5 137.2 6.8 

AHG12 8 7.5-8.5 153.3 143.2 7.1 

AHG13 4-7 3.5-9.5 100 97 96 93 86 72 56 25 20 11.4 SW-SM 

AHG13 7 8.0-9.5 121.9 97.1 25.5 

AHG13 4 3.5-5.0 122.9 98.6 24.7 

AHG13 5 5.0-6.5 119.9 101.6 18.0 

AHG13 6 6.5-8.0 121.0 100.7 20.2 

AHG13 8 15.0-16 5 100 99 97 97 93 92 75.5 ML-MH 

NOTE: SIEVE ANALYSIS: PERCENT PASSIN« 
REMARKS:----------------------------------------------------------------------

' I I l I I I I. l I I. (_ I l ( I l 



r r r ( I r { r r r r f l f r f r 

PROJECT NO. 052506 R¢M DATE November 10, 1981 
CLIENT: Acres American, Inc. CONSULTANTS, INC. 

Susitna Hydroelectric 3 of 3 
PROJECT NAME PARTY NO. PAGE NO. SUMMARY OF LABORATORY TEST DATA 

E-t~ I~ DEPTH C'\1 1.0 WET DRY ~pi~TU u:l ....:1 p.. . 
(feet) .--1 I 2" 1~' 1" 3/4" 1/2' 3/8" #4 10 20 40 80 100 200 DENSITY r--ON EN ~ 0 ::80 I L.L P.I CLASS DENSITY 

E-t ::r: ,::t; z 
~ % 

Ul M 

[AHG13 . 9 - 20.0-21. 5 100 98 84 72 60 58 47 45 36 33 24.9 GM-SM 

AHG13 lO,L 25.0-32. 0 100 88 82 77 73 69 67 53 43 33 20 18 11.4 SW-SM 
1--- -- --

AHG14 8,9 6.0-9.0 100 88 88 87 84 82 78 72 61 50 35 29 14.3 SM 
--f-----

AHG14 9 7.5-9.0 148.1 135.5 9.2 

AHG14 10 9.0-10. 100 98 93 88 80 68 56 47 33 22 8.2 SJ?-SM 142.3 129.5 9. 9-

AHG14 11 15.0-16. 100 82 77 70 59 48 38 33 22 13 6.5 SP-SM - ~ 

AHG14 12 20. tr21. 100 95 91 85 75 64 54 46 28 19 6.5 SP-SM 147.7 138.1 7.0 -- -- --- -- ----- --
AHG14 13 25.0-26. 100 98 96 94 93 91 87 85 82.9 49 16 ML-MH 125.2 101.4 23.5 
~-1--- -- --· -- I 

-

f-----

--
-

-- --

NOTE: SIEVE ANALYSIS= PERCENT PASSIN REMARKS: ______________________________________________________________________ __ 

RE 
T 
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U.S. Standard Sieve Openin91 in inches U.S. Standard Sieve Numbers Hydrometer 

100 12 9 • 3 2 11/2 I 3/4 1/2 3/8 
0 

10 20 40 eo 100 200 270 
I \ r-..~ \:---I~ j"\ ~~ 1---~ r---: 

I I I - " ~ 

90 10 
,\ 

"" 
~r-..~ '\\ \~ r- r----. ~ ~ -r- '\~ ~ -' \\ \ \ '\- ~\ ~ ~ ~ r-\\_ 
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19 December 1980 
Project No. 41306I 

R & M Consultants 
5024 Cordova 
Anchorage, Alaska 99502 

Attention: Mr. Gary Smith 

Gentlemen: 

SUBJECT: FINAL REPORT - SUSITNA HYDROELECTRIC PROJECT 
SEISMIC REFRACTION SURVEY, SUMMER, 1980 

Enclosed are 10 copies of our Final Report from the geo­
physical survey conducted under our agreement of July 23, 
1980. This report reflects your comments and those of 
Acres American to our draft report dated October 2 3, 
1980. 

As requested by Mr. Robert Henschel of Acres American 
in our meeting earlier this month, we are preparing a set 
of recommended additional surveys to investigate areas 
where uncertainties still exist. These recommendations 
will be forwarded under separate cover. Mr. Henschel also 
requested revision of the profile figures in this report to 
reflect true elevations rather than relative elevations. 
We will make the appropriate changes and forward revised 
drafts when datum elevations become available. 

We have enjoyed working with you on this project. 
call us if you have any questions or comments. 

Please 

Very truly yours, 

~e~ 
Deputy Director of Geophysics 

JDR:DEJ/ab 

Enclosures 

" 

~c~ 
Dennl.s E. Jensen 
Project Geophysicist 
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1.0 INTRODUCTION 

This report presents the results of a seismic refraction 

survey performed during June and July, 1980, on the Upper 

Susitna River, Alaska, approximately 125 miles north of 

Anchorage. The survey was performed under contract with 

R & M Consultants as part of their subcontract with Acres 

American Incorporated. 

Most of the survey was performed on the abutments and 

in borrow areas for the proposed earth and rockfill dam 

near the confluence of Watana Creek and the Susitna River. 

The locations of lines run at the Watana site are shown on 

Figures 1 and 2. 

The remainder of the survey was performed across a possible 

saddle dam location adjacent to a proposed concrete dam at 

Devil Canyon, approximately 27 miles west of the Watana 

site. The locations of lines at the Devil Canyon site are 

shown on Figure 3. 

1.1 Purpose 

The purpose of this survey is to provide addi tiona! data 

for the continuing feasibility studies for the Susitna 

Hydroelectric Project proposed by the Alaska Power Au­

thority. This survey is to supplement borings, geologic 

mapping, and previous geophysical surveys accomplished over 

the past several years. 

Line locations were selected by Acres American based on 

previous studies. Line lengths, geophone spacing and field 

procedures were designed to investigate the nature and 

distribution of bedrock and overburden materials. 
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1.2 Scope of Work 

A total of 27,800 feet of seismic line was run as 11 

separate traverses. Thirty-six geophone spreads were 

tested at 122 shot points. The scope of the field work was 

limited by several factors including planned duration of 

the program, weather, and logistics. Several lines were 

deleted or altered with the concurrence of Acres and R & M 

field representatives. A few additional lines were added. 

In particular, lines planned across the river at both dam 

sites were not considered feasible because of the high rate 

of flow at that time. Deleted line locations are shown on 

Figures 1, 2, and 3. 

R&M personnel laid out and brushed all seismic lines and 

provided a survey of relative elevations and spacing of 

geophone and shot locations which had been flagged during 

seismic testing. 

The accumulated data were reduced and interpreted in 

the Orange, California office of Woodward-Clyde Consul­

tants. Previous seismic studies by Dames & Moore, 1975, 

and by Shannon and Wilson, 1978, were used as background 

for the present interpretation. Field observations and the 

judgment of a Woodward-Clyde Consultants' geologist, who 

was part of the survey crew, were included in the interpre­

tation. 
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2.0 DATA ACQUISITION 

The majority of geophone spreads for this survey were 1,100 

feet long with 100 feet spacing between geophones. Shorter 

spacing of 10, 20, 25, 40, and 50 feet were used where 

terrain limited the length of a particular spread or where 

greater detail was desired. For traverses of more than one 

spread, end geophones on adjustment spreads were located at 

the same point. 

For most spreads, shots were placed at hal f-geophone 

spacing beyond the end geophones and at the middle of the 

line. Explosive charges of one pound provided sufficient 

seismic energy for lines as long as 1100 feet. For about 

half of the spreads, greater depths to bedrock required 

shots at greater offsets from the ends to achieve re­

fraction from deeper interfaces. The largest offsets were 

1, 000 feet from the end geophone, resulting in a shot to 

furthest geophone distance of 2,100 feet. Usually, an 

explosive charge of two pounds was required for these 

longer shots. For short lines explosives were not neces­

sary and a hammer and plate were used as the energy source. 

The signature of seismic waves arriving at geophones from 

each shot was recorded on a geoMetries/Nimbus model ES-

1210F 12-channel stacking seismograph. Recording gains 

were selected by trial and error and filters were used when 

background noise levels were high such as during heavy rain 

or near the river. 

The stacking feature of the seismograph employs an analog/ 

digital converter and an internal memory which stores wave 

traces from each geophone separately. A digital/analog 

converter is then used to display the stored traces on an 
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oscilloscope. The input from multiple shots can be summed 

into the memory and the summed or 11 stacked 11 traces dis­

played on the oscilloscope. Stacking of multiple shots 

tends to enhance coherent seismic signals while the in­

fluence of random background noise is reduced by de­

structive interference. Stacking was used on this survey 

for shorter lines where multiple hammer blows provided 

seismic energy instead of explosives. The overall ampli­

tude of the single or stacked wave traces can be amplified 

or reduced by the seismograph before a hard copy of the 

record is produced by an electrostatic printer. 

For each shot, a field plot was made of distance to each 

geophone versus the time of arrival of the compressional 

seismic wave picked from the recorded wave trace. This was 

done to assure that sufficient information had been ob­

tained for later interpretation. At the same time, notes 

were made as to terrain and exposed geologic features. 
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3.0 DATA REDUCTION PROCEDURES 

Methods of reducing raw data to values suitable for inter­

pretation were generally those described by Redpath (1973). 

These general techniques have been augmented to some degree 

through our experience on past projects. 

First, 

times 

field records were reviewed and picks of arrival 

tabulated. Final time-distance plots were con-

structed to reflect changes in arrival times from those 

used for field plots. These plots are shown in Appendix A, 

Figures Al through AlO. Apparent layering, apparent 

seismic velocities, and variations in arrival times from 

those expected from a particular layer, were used to direct 

subsequent data reduction. 

Representative "true" velocities were calculated from 

differences in arrival times at each geophone from shots at 

opposite ends of the line. Where sufficient data were 

available, delay times 

phone for each layer. 

were calculated beneath each gee­

Layer thicknesses were then cal-

culated using the representative velocity. If sufficient 

information was not available for rigorous delay-time 

determination, approximation methods were used to estimate 

depths. 

In many cases, a layer which was well expressed on one 

spread, or believed to be present from previous investi­

gations, would not be apparent on an adjacent spread. In 

these cases, a judgment was made as to the continuation of 

the layer, as a hidden layer or blind zone, beneath the 

spread in question to produce the most geologically reason­

able interpretation. This often required adjustment of 

other layer thicknesses to account for the total delay 

time. 
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4.0 DISCUSSION OF RESULTS 

The locations of the seismic lines are shown on Figures 1 

through 3. Profiles along each seismic line illustrating 

subsurface conditions interpreted from the survey are 

presented as Figures 4 through 13. On these profiles, 

layer thicknesses and surface topography are shown at a 

twofold vertical exaggeration. This distortion is required 

to illustrate the interpreted thickness of thin, shallow 

layers. 

Lines of contact between layers of differing velocities 

vary on the profiles according to the confidence placed on 

the interpretation. Solid lines represent a well con­

trolled contact with depths shown probably within 15 

percent of the true total depth. Dots on the line repre­

sent points of control where the depth is well constrained 

by the data. Dashed lines are less well controlled. Short 

dashed lines with no control-point dots represent assumed 

contacts based on information other than that resulting 

directly from data reduction. 

The following paragraphs discuss the setting of each 

traverse, the results of our interpretation, and anomalous 

or ambiguous conditions which became apparent during data 

reduction and subsequent review of data from borings, test 

trenches, and surficial geologic mapping. 

4.1 Traverse 80-1 

This traverse consists of six 1,100 foot geophone spreads 

and three 225 foot detail spreads. As shown on Figure 1, 

the line extends northward about 3300 feet from the right 

abutment downstream from the proposed Watana Dam, and then 

northeastward an additional 3300 feet across the proposed 

spillway alignment. Topography is relatively steep at both 

ends of the line and relatively gentle elsewhere • 



4-2 

The interpreted profile for traverse 80-1 is shown on 

Figure 4. Bedrock velocities along the line appear to 

be relatively uniform, ranging from 14,500 fps (feet per 

second) to 16,000 fps. Intermediate layer velocities range 

from 5, 250 fps to 13,000 fps and shallow layer vetocities 

from 1,300 fps to 3,600 fps. The lower velocities repre­

sent loose surficial materials and possibly, in part, 

fine-grained lake deposits such as encountered in boring 

DR-6 (the location of borings designated DR are shown in 

u. s. Army Corps of Engineers [1979]). 

At the southern end of the line, a 50-foot-thick layer of 

10,000 fps material probably represents weathered bedrock. 

Near the northern end of spread 80-lE, this layer thickens 

to over 100 feet and may represent an anomaly similar to 

that shown on Shannon and Wilson ( 1978), line 2 (SW2) to 

the southeast. We understand that a prominent gouge zone 

is exposed on the steep slopes near the anomaly shown on 

SW2. The anomaly on line 80-lE may represent a continu­

ation of that zone in which case, its trend would be 

approximately N40W. 

A thick 13,000 fps layer is present near the center of the 

traverse. It probably represents weathered diorite bedrock 

but may be a different lithology such as volcanic rock 

which has been mapped in the vicinity. Another possibility 

is that the 13,000 fps material is part of a vertical 

tabular fractured or altered zone which extends from the 

intersection of traverses 80-2 and SW2 where material of 

the same velocity has been detected. Although the 13,000 

fps zone is shown to be underlain by higher velocity mater­

ial on Figure 5, the higher velocity material may instead 

be to the side. Additional refraction lines or borings 

will be required to resolve this possibility. 
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The thin irregular edges of the relict channel discussed in 

previous reports are apparent on spreads 80-lA and 80-lB. 

Channel fill beneath these lines, which is probably boul­

dery glacial detritus, ranges from 7000 to 9000 fps. The 

configuration of the channel beneath line 80-lB is probably 

much more complicated than shown on Figure 4. The profile 

shows depths which are based on approximation reduction 

methods because of the complexity of the time-distance plot 

{Figure A-1, Appendix A) for which no reasonable mathe­

matical solution could be found. Depth to bedrock is shown 

to be more than 150 feet but is probably highly irregular 

and much shallower especially near the center of the line. 

Boring DR-6 just southeast of the center of the line 

encountered bedrock at a depth of 65 feet. 

The channel appears to be the same as that documented by 

the 1975 Dames and Moore survey and on line SW3. It is 

also well expressed on lines 80-2 and 80-6 which are dis­

cussed in later paragraphs. The southwestern edge of the 

channel and the apparent thalweg are shown by dashed lines 

on Figure 1. The eastern edge of the channel appears to be 

immediately north of line 80-7 and appears to be expressed 

at the northern end of 80-8. 

4.2 Traverse 80-2 

Traverse 80-2 consists of five 1100 foot spreads on the 

right abutment extending from near the toe of the proposed 

Watana Dam, northward across the proposed spillway. It 

roughly parallels Traverse 80-1 between 1, 800 and 2, 200 

feet to the east and southeast {Figure 1). The topography 

is relatively steep at the southern end and moderate to 

gentle elsewhere. The interpreted profile for traverse 80-2 

is shown on Figure 5. 
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Bedrock velocities are similar to those of 80-1 ranging 

from 14,000 to 17,000 fps. Intermediate layers consist of 

thick 13,000 fps layers beneath the southern slopes and 

channel fill at the northern end of the line ranging from 

6, 000 to 8, 000 fps. Near surface velocity layers range 

from 1250 to 2800 fps. 

The lowest bedrock velocity encountered on the traverse is 

beneath spread 80-2D and underlies an anomalously deep 

portion of the relict channel. Borings DR-18 and DR-19, 

northwest and southeast of the spread respectively, confirm 

the depth to bedrock shown on the profile and indicate that 

the rock in that area is highly fractured diorite with 

apparent clay gouge zones. This low velocity zone may 

represent a continuation of a shear zone known as "The 

Fins" exposed adjacent to the river to the southeast. The 

trend of this possible continuation projects toward the 

northeastern end of spread 80-lB which, as previously 

discussed, produced a highly irregular seismic record. 

The 13,000 fps layer at the southern end of the traverse 

appears to be weathered bedrock based on the shape and 

location of the layer. Line SW2 which crosses the traverse 

near its southern end (see Figure 1), also shows the 13,000 

fps layer and the same depth to bedrock at the inter­

section. A 6,000 fps layer shown on SW2 was not detected 

on 80-2. The 13,000 fps layer is shown on SW2 as contin­

uous for about 2400 feet parallel to the river. The shape 

of the material shown on the profile of 80-2 (Figure 5) is 

not inconsistent with the suggestion by Shannon and Wilson 

(1978) that it may be involved in landsliding. 
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The channel fill at the northeastern end of the line 

consists of two distinct velocity zones similar to those 

detected on traverse 80-1. The southern portion of the 

fill ranges from 6,500 to 8,000 fps. Boring DR-20 appears 

to have encountered this material southeast of the line 

where it consists of saturated sandy gravels with finer 

grained interlayers. Boring DR-18, northwest of the line, 

appears to have penetrated lower velocity material detected 

at the northeasternmost end of the traverse. This mater­

ial, ranging from 5,400 to 6,000 fps, appears to be mostly 

silty sands and sandy silts with some clay and scattered 

gravels and boulders. 

Surficial materials near borings DR-18 and DR-20 appear to 

be sandy silts. Seismic velocities of the surface layer 

near the borings are generally 1 es s than 2, 000 fps. 

Velocities to the south along the traverse range are up 

to 2,800 fps and interpreted as representing more gravelly 

or better compacted sediments than those near the borings • 

4.3 Traverse 80-3 

Traverse 80-3 was run on the rugged steep slopes of the 

abutments across the proposed upstream portion of the dam. 

The profile, shown as Figure 6, is based on one 1,000 foot 

spread on the left abutment and three spreads, 1,000 feet, 

265 feet, and 300 feet respectively, on the right abut­

ment. A proposed segment of the traverse across the river 

was not considered feasible at the time of the survey due 

to high water levels, and was therefore not performed. 

Bedrock is shallow on both abutments. On the south side, 

bedrock appears to be of a uniform 15,000 fps velocity. 

The top of the southern slope is underlain by 5, 200 fps 

material which may reflect frozen soil exposed in a shallow 

trench in that area. Farther down the slope, surficial 
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velocities drop to about 2, 200 fps. This appears to be 

very loose talus on the slope, at least at the center shot 

point. The base of the slope is underlain by 7, 000 fps 

material which appears to be highly weathered bedrock. 

Representative bedrock velocities on the north side range 

from about 15,000 fps near the top to as high as 22,000 fps 

lower on the slope. Surficial material on the north side 

is generally about 15-foot-thick and between 1,500 and 

2, 200 fps on the upper slope. Surficial material is 

thinner and lower in velocity near the bottom. Most of the 

upper slope is covered with loose talus. 

Geophone spread 80-3D was run parallel to the river along 

the north bank. This line detected a 7,000 fps layer 

50-foot-thick which probably projects beneath the river. 

This layer was not apparent on spread 80-3C near the base 

of the north slope. It appears as if 80-3C was run above a 

resistant bedrock spur and that the 7,000 fps material is 

present to each side of the spur near the base of the 

slope. 

Lines 80-4 and 80-5 which were planned across the river at 

the proposed dam axis and beneath the upstream toe, re­

spectively, were not run due to high water conditions. It 

may be possible to complete these lines after the river has 

frozen. 

4.4 Traverse 80-6 

This traverse consisted of one 1,100 foot spread and a 

coincident shorter 600 foot detail spread across an appar­

ently anomalous topographic depression approximately 4,000 

feet upstream from the proposed dam axis on the north side 

of the river. The profile presented as Figure ~ shows the 

edge of the relict channel discussed in conjunction with 

Traverses 80-1 and 80-2. 
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Bedrock velocity ranges from 11,500 fps near the western 

end of the line to 20,000 fps beneath the channel. The 

channel appears to be filled with 7,000 fps material which 

also is thinly distributed beneath the western portion of 

the line. Overlying this is a layer of 2,300 fps material 

and, in part, a thin surface layer of 1,100 fps material. 

The increase in bedrock velocity across the traverse from 

west to east may be related to effects of "The Fins" shear 

zone which is exposed about 700 feet southwest of the end 

of spread 80-6A. This increase in bedrock velocity east of 

the shear zone is also expressed on the 1975 seismic line 

and on SW-3 which are both to the northwest of 80-06. 

Progressively higher velocity zones on those three trav­

erses are roughly correlatible and appear to form bands 

generally parallel to the shear zone. 

The nearest borings to traverse 80-6 are more than 1, 000 

feet away. The channel fill material is therefore inter­

preted to be similar to that interpreted for line SW-3 and 

for traverses 80-1 and 80-2 as previously discussed. The 

7, 000 fps velocity of the fill is more uniform than seen 

elsewhere and probably represents an averaging of both 

higher and lower velocity materials such as saturated 

alluvium and glacial detritus. 

The Shannon and Wilson, 1978, interpretation of nearby line 

SW-3 shows a shallower channel containing 4,500 fps mater­

ial within the larger relict channel feature. This layer 

can also be interpreted to underlie 80-6 based on the 

time-distance plot (see Appendix A, Figure A-5). However, 

the present interpretation of a slight thickening of the 

2,300 fps layer is also reasonably consistent with the 

data. 
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Surficial materials are probably similar to those at depth 

but less saturated. The 2,300 fps layer may also be finer 

grained. The low velocity of the 1,100 fps layer suggests 

it is very loose and probably dry. 

4.5 Traverse 80-7 

Traverse 80-7 consists of two 1,100 foot spreads oriented 

north-south across the western end of Borrow Area D. The 

line is shown on both Figures 1 and 2. 

rises gently to the north along the line. 

Ground surface 

Velocity analysis indicated that bedrock was uniformly 

15,500 fps even though the time-distance plots showed 

higher values. The differences are attributed to geometry 

of the bedrock surface and not to lateral changes. The 

interpreted profile for traverse 80-7 is shown on Figure 

B. 

The line appears to be located over the northeastern side 

of the relict channel. Channel fill material ranges ;rom 

7, 400 to 9, 000 fps. It is generally about 200-feet-deep 

but is shallower near the north end. At the south end, it 

may deepen to as much as 400 feet. Line SW3, which crosses 

spread 80-7A near its northern end, shows a similar depth 

and velocity for bedrock at that point. The velocity of 

the channel fill is given as 7,000 fps on SW3. 

Boring DR-26, which is located west of the north end of 

line 80-7B, encountered silty sand, clayey silt, gravels, 

and sandy silt with boulders at depths equivalent to the 

channel fill material interpreted from seismic data. 

The velocity of surface materials along the line appears to 

be uniformly 1,850 fps. Several exposures along the line 

indicate that the upper portion of this unit consists of 

-
-

-



-

-
-
-
-
-
-
-
-
..... 

-
-
-
-
-
-
-

4-9 

boulder accumulations with little or no matrix. Borings 

and trenches in the vicinity have encountered gravelly 

sands below the immediate surface. 

4.6 Traverse 80-8 

The two 1,000 foot lines that comprise Traverse 80-8 

extend southward from the end of line SW5 at the edge of 

Borrow Area D near Deadman Creek across proposed Quarry 

Source B as shown on Figure 2. The line crosses moderate 

and then very steep topography southward. 

Four continuous layers are interpreted on the profile 

presented as Figure 9. These include a shallow 1,350 to 

1,600 fps layer and intermediate velocity layers of 5,000 

to 7,000 fps and 8,400 to 9,000 fps. Bedrock appears to 

change laterally from 12,500 fps near the north end to 

23,500 fps at the center, and to 16,500 fps near the south 

end. 

The highest bedrock velocity is at the middle of the 

traverse where the rock apparently forms a buried resistant 

ridge. The bedrock surface may be as deep as 500 feet at a 

point below the middle of spread 80-8A. At the north end 

of the line bedrock does not appear to be as deep as shown 

in Shannon and Wi 1 son, 197 8, 1 ine SW5. However, this 

location is near the end of both lines and additional 

control is lacking. 

It does not appear likely that hard rock is near enough to 

the surface to provide an adequate quarry source along the 

line of the profile. We have no information as to possible 

outcrops elsewhere within the designated area. The inter­

mediate velocity layers appear to be similar to those 

filling the relict channel to the west as previously dis­

cusseq. The 5,000 to 7,000 fps layer probably represents a 
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younger episode of channeling and filling similar to that 

shown on traverses 80-1 and 80-2. Both intermediate units 

probably consist of saturated alluvial deposits and boul­

dery glacial detritus. 

A number of test pits in the vicinity of the traverse 

indicate that the shallow materials 1,350 to 1,600 fps 

surface layers are highly variable. Most pits encountered 

loose, unsaturated silty gravely sands. 

4.7 Traverse 80-9 

Traverse 80-9 was a single 1,100-foot-line at the western 

end of Borrow Area E extending upslope from previous line 

SW14. The present interpretation, shown on Figure 10, is 

in good agreement with that line. 

A relatively uniform mantle of low velocity material (1,100 

to 1,800 fps) appears to cover the slope 30 to 50 feet 

deep. Shallow exposures suggest that the 1, 100 fps ma­

terial at the base of the hill is a loose gravel. Higher 

on the hill, the surface is mantled by organic soil. 

A higher velocity layer (6,000 to 7,250 fps) underlies the 

surficial deposits and thickens northward. These vel-

ocities are similar to those of saturated alluvium and 

glacial detritus found elsewhere. Bedrock with an approxi­

mate velocity of 15,000 fps, is about 100 feet below the 

surface at the base of the hill and may be as deep as 300 

feet at the north end of the line. 

4.8 Traverse 80-11 

This traverse was run north and west of Tsusena Creek near 

the eastern end of Borrow Area E. The alignment was 

changed from east of the creek when surface reconnaissance 

showed that area to be underlain primarily with bouldery 

glacial deposits. 
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Spread 80-11A was run from the bank of Ts usena Creek 

northward 1,100 feet across gentle topography to the base 

of a hill (Figure 2). A second 1,100 foot spread, 80-11B, 

was run from the center of the first in a northeasterly 

direction. This line hd not been previously staked or 

brushed and when surveyed later, was found to bend to the 

north as shown on Figure 2. Two shorter detail spreads 

(80-llC and 80-11D) were also run near the middle of spread 

80-11A. 

On the southern end of the traverse 80-11A, a 2, 800 fps 

layer of loose surficial deposits appears to be about 30 

feet thick and thins to the north. This appears to be 

underlain by a 11,000 fps weathered bedrock layer about 100 

feet thick which also thins to the north. Bedrock velocity 

beneath the area is between 16,000 and 17,000 fps. 

In the northern part of the area the 11,000 fps layer 

wedges out beneath an apparent relict channel filled with 

5,000 fps material which may be loose saturated sands and 

gravels. A 7,000 fps intermediate zone at the north end of 

spread 80-11A is not apparent on 80-11B. Instead, the 

northern part of 80-11B shows shallow bedrock beneath about 

20 feet of 1, 400 fps surficial deposits. The 7, 000 fps 

material may be similar to the relict channel fill detected 

on lines previously discussed. 

4.9 Traverses 80-12, 80-13, and 80-15 

These three traverses were run across a small lake and 

on the adjacent slopes above the left abutment of the 

proposed Devil Canyon Dam as shown on Figure 3. Traverse 

80-12 consisted of a 250 foot hydrophone spread across the 

western part of the lake and two 500 foot geophone spreads 
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up steep adjacent slopes to the north and south. Traverse 

80-13 consisted of a similar combination across the eastern 

part of the lake. Traverse 15 was a single hydrophone 

line, 500 foot long, extending northwest to southeast 

across the lake. 

The profiles shown on Figures 12 and 13 indicate similar 

bedrock velocities of between 16, 800 and 18, 800 fps. 

Profile 80-12 shows a distinct intermediate layer beneath 

the slopes of between 7,000 and 10,000 fps. This may be 

highly weathered bedrock or glacial deposits. A 5,000 fps 

intermediate layer beneath the relatively flat north end of 

80-13, probably indicates water table in otherwise low 

velocity sediments. Surficial deposits on the slopes are 

generally between 1,400 and 2,200 fps. The 4,000 fps 

indicated beneath the north-facing slope on line 80-13 

probably represents partically frozen ground. 

A layer of approximately 5, 000 fps underlies the lake on 

all three profiles. This is probably saturated soft 

sediments which may be as deep as 50 feet near the center 

of the lake as shown on profile 80-15. Time-distance plots 

from all three spreads run across the lake are very ir­

regular and subject to alternative interpretations. Data 

from spread 80-15 appear to indicate that high-velocity 

bedrock directly underlies the saturated sediments beneath 

most of the lake. The other two profiles, however, indi­

cate that only weathered rock is present beneath part of 

the area. 

The possibility of a shear zone trending approximately 

east-west beneath the lake was suggested by Shannon and 

Wilson (1978) based on results of line SW-17, which par­

allels 80-12, 400 feet to the west. On that line, bedrock 
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velocities underlying 7,000 fps channel fill near the 

center of the line were interpreted to be lower than 

beneath the slopes to either side. Three of 5 borings 

drilled along that line encountered highly fractured or 

sheared phylltic bedrock. 

The results of the present survey can neither confirm nor 

deny the presence of a shear zone. Although the time­

distance plots appear to be anomalously irregular, reason­

able mathematical interpretations were obtained from the 

data. Lower velocities were obtained for bedrock beneath 

the lake than on the adjacent slopes (as on SW-17) but 

the reason for these lower velocities is not clear from the 

data. They may indicate sheared material or, alterna­

tively, dense fill material or weathered, surficially 

fractured bedrock. 
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5.0 GENERAL OBSERVATIONS AND CONCLUSIONS 

Materials represented by velocity layers interpreted for 

this report have been assigned, at least in general terms, 

where boring and test pit data have been available. In 

areas where this control has not been available, similari­

ties in layering and velocities with better controlled 

areas have allowed assignment of material types with a 

reasonable degree of confidence. 

In general, bedrock velocities near the Watana site vary 

between 14,000 and 23,000 fps. Velocities of 18,000 to 

23,000 fps are representative of hard, unfractured diorite 

as exposed in the immediate site vicinity. Lower veloci-

ties indicate increasing degrees of fracturing and weather­

ing if the rock is indeed diorite. These lower velocities 

may also represent other lithologies such as metamorphic 

zones or vol~anics such as have been mapped on the right 

abutment downstream from the dam. 

Velocities as low as 10,000 fps in intermediate layers 

overlying higher velocity bedrock may represent highly 

weathered diorite. Apparent layers of 13,000 fps material 

found near the middle of traverse 80-1 and at the south end 

of 80-2 have been interpreted as weathered bedrock but may 

represent a different lithology. 

Lateral changes in bedrock velocity have been noted on 

several lines for this and previous surveys near the 

Watana site. These changes appear to form bands of 

increasing velocity eastward from "The Fins" shear zone as 

presently interpreted, and may also form northwest trending 

bands farther to the west. Present data, however, is 

insufficient to verify this pattern. 
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Portions of the relict channel at the Watana site have been 

defined by the present interpretation. The channel is 

apparent on traverses 80-1, 80-2, 80-6, 80-7, and 80-8. 

Channel fill material ranges from 5, 000 to 9, 000 fps and 

has been shown by borings to be highly variable but pre­

dominantly alluvial sands and gravels, bouldery glacial 

silts and sands, and to a lesser extent lacustrine silts 

and clays. Two episodes of channeling are apparent on 

traverses 80-1, 80-2, and 80-8. Materials on traverses 

80-9, and 80-10 with similar velocities appear to be 

lithologically similar to those in the relict channel. 

At the Devil Canyon site, the highest bedrock velocity 

detected was nearly 18,000 fps. This is the velocity 

reported for fresh phyllite in the area by Shannon and 

Wilson (1978). Lower velocity bedrock interpreted from the 

present survey may reflect weathering or lateral lithologic 

changes. 

Intermediate layer velocities at the Devil Canyon site 

range from 5,000 to 10,000 fps. Velocities as low as 7,000 

fps could represent weathered bedrock in the metamorphic 

terrain. The 5,000 fps layers interpreted from this survey 

appear to be equivalent to the 7,000 fps layer on SW-17 to 

the west of the lake. Borings in that area showed the 

material to be predominantly sand with some gravel and 

boulders. 

Surficial deposits are highly variable in the area of the 

survey and are therefore difficult to discuss in general 

terms. Surficial materials are best investigated with 

short lines and small geophone spacing. Since most of the 

lines for this survey used wide geophone spacing, the 

information obtained about surficial layers is highly 
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generalized. Most of the surficial velocities reported 

herein are probably averages of several smaller distinct 

layers and are more related to the distance from shot point 

to the first geophone than to the velocity of any par­

ticular material. 

With regard to structure, two possible shear zones have 

been interpreted from this survey. These are northwest 

trending zones extending from the right abutment at the 

Wa tana site and are discussed with respect to traverses 

80-1, and 80-2 in earlier sections. Information regarding 

a possible shear zone beneath the saddle dam site at Devil 

Canyon was indeterminate. 

The data from the present survey were sufficient to make 

fairly definite interpretations. However, specific depths 

and material types should be confirmed by borings in 

critical areas. We suggest 

control becomes available, 

surveys be re-evaluated to 

ditions between borings. 

that when sufficient boring 

that all three refraction 

more accurately portray con-

The interpretation resulting from the present survey 

are considered the most reasonable based on available 

information. They are not the only interpretations 

possible. The limitations of the seismic method and the 

present data are discussed further in Appendix A and the 

references. 
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* This appendix deleted from Task 5, Appendix H. Refer to project files 
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6 January 1982 

R & M Consultants 
5024 Cordova 
Anchorage, Alaska 99502 

Attention: Mr. Gary Smith 

Gentlemen: 

SUBJECT: SUSITNA HYDROELECTRIC PROJECT 
SEISMIC REFRACTION SURVEYS - 1981 

Enclosed are five copies of the subject report which docu­
ments geophysical work in support of site engineering 
studies during 1981. At the request of Acres American 
Incorporated, we are also sending five copies directly to 
their office in Buffalo, New York. 

We have enjoyed working with you on this project and hope we 
can be of further service in the future. If you have 
questions regarding the material contained in this report, 
please call at your convenience. 

Very truly yours, 

c;j~,L.~ 
Dennis E. Jensen 
Project Geologist 

DEJ/md 

Enclosure 
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1.0 INTRODUCTION 

This report presents the results of geophysical surveys 

performed during the spring, summer, and fall of 1981 

on the Upper Susitna River, Alaska, approximately 125 

miles north of Anchorage. These surveys were performed 

under contract with R & M Consultants (R & M) as part of 

their subcontract with Acres American Incorporated (AAI). 

The 1981 geophysical program was essentially a continuation 

of surveys performed during 1980 under the same contract. 

Results of the 1980 surveys were submitted to R & M 

in a report dated 19 December 1980. Interpretations 

included in this report are based in part on the 1980 work, 

on previous seismic refraction surveys (Dames and Moore, 

1975; Shannon and Wilson, 1978), and on limited boring and 

surface mapping information. 

Locations of all refraction traverses from 1975 through 

1981 are shown in Figures 1, 2, and 3. Figure 1 covers the 

immediate area of the proposed Watana Dam site and Figure 2 

shows line locations outside of the immediate site area but 

in the same vicinity. Figure 3 shows 1 ine locations near 

the proposed Devil Canyon Dam site. 

1.1 Purpose 

Geophysical surveys from 1981 and from past years were 

accomplished as part of feasibility studies for the 

Susitna Hydroelectric Project proposed by the Alaska Power 

Authority. Seismic refraction and limited magnetometer 

surveys were intended to investigate the nature and 

distribution of bedrock and overburden materials and to 

supplement data from other sources such as borings and 

geologic mapping. 
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For all surveys run during 1980 and 1981, line locations 

were specified by AAI. Some of the 1981 locations were 

recommended by Woodward-Clyde Consultants at the close of 

the 1980 season, and incorporated in the 1981 program. 

1.2 Scope 

A total of 7 2, 900 ft of refraction line was run in 1981 

during three separate field efforts (spring, summer, and 

fall) to bring the two-year total to approximately 100,000 

linear feet. In addition, approximately 3,000 ft of 

magnetometer line was run near Devil Canyon in an unsuc­

cessful attempt to detect buried mafic dikes. 

The spring seismic refraction survey consisted of 21,900 ft 

of line at 12 locations (Lines 81-1 through 81-12) across 

the river and adjacent low-lying areas near the Watana site 

(Figures 1 & 2). Field work was accomplished between 1 

April and 14 April 1981 when the river was frozen. The low 

water level and low water velocity plus access afforded by 

ice allowed refraction surveys to be run in areas where 

they would be infeasible later in the year. A draft report 

of the results of the spring work was submitted to R & M 

dated 18 June 1981. 

A total of 22,200 ft of refraction line was run during the 

month of July as 10 separate traverses (Lines 81-13 through 

81-22). Nine of these were run at the Watana site (Figure 

1), some as continuations of existing lines. One traverse 

was run on the proposed south abutment at Devil Canyon 

(Figure 3) . 

From 26 October to 15 November, 1981, a 28,800 ft traverse 

was run from rock outcrops near the proposed Watana south 

abutment to a point approximately 5 miles to the east. The 
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locations of lines 81-FL-1 through 81-FL-48 are shown on 

Figures 1 & 2. This traverse crossed an area of suspected 

buried channels in the Fog Lakes area. 

The alignments of all traverses were flagged by R & M 

or AAI personnel prior to refraction surveying. During 

refraction work, the location of all shot points and 

geophones were flagged. The coordinates and elevations of 

each of the shot and geophone points for spring and 

summer traverses were subsequently surveyed by R & M. For 

the fall work (Fog Lakes) R & M provided coordinates and 

elevations at all turning points and breaks in slope. 

Data for all seismic refraction traverses accomplished 

during 1980 and 1981 are summarized in Table 1. The table 

includes line numbers used in this report, line numbers 

used by R & M for coordinate and elevation surveys, presen­

tation data, line configuration data, and comments. This 

report discusses the interpretation of 1981 traverses in 

detail and references 1980 lines where they are in proxi­

mity to the 1981 survey lines. 
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2.0 DATA ACQUISITION AND REDUCTION 

Field procedures used during the 1981 season were similar 

to those of the 1980 survey (Woodward-Clyde Consultants, 

1980). A Geometries/Nimbus model ES-1210F twelve-channel 

stacking seismograph and an explosive energy source was 

used for all lines. Line lengths and geophone spacing 

varied as discussed later in separate sections. 

Data reduction for the 1981 surveys was accomplished in a 

similar manner as for the 1980 lines, essentially following 

the procedures of Redpath (1973). Rigorous delay time 

methods were used for only a few lines for which data was 

sufficient and too complex for adequate interpretation by 

approximation methods. 

Time-distance plots of the data are included in Appendix A 

(spring surveys), Appendix B (summer surveys), and Appendix 

C (fall-Fog Lakes surveys). Interpretation of these 

lines are shown as Figures 4 through 23 and are discussed 

in Sections 4.0, 5.0, and 6.0. These sections discuss the 

setting of each traverse, our interpretation, and anomalous 

or ambiguous conditions which became apparent during data 

reduction and subsequent review of all available data. 

Our confidence in the contacts between layers of differing 

velocities on the figures is variable. Solid lines repre­

sent well controlled contacts with the depths shown prob­

ably within 20 percent of the true total depth. Dots on a 

line represent depths calculated by the delay time method 

or by approximation techniques. Dashed lines are less well 

controlled with an estimated possible deviation from true 

depths on the order of 30%. Queried dashed lines are 
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assumed contacts that are based on assumed velocities and 

information other than that resulting directly from data 

reduction, or that are inferred by the data but are not 

mathematically explicit. 
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3.0 LIMITATIONS 

Seismic refraction is a widely used and well suited 

exploration tool for engineering projects but is subject to 

certain limitations which should be kept in mind when 

evaluating the interpretations presented in the following 

sections. The effects of inhomogeneities, irregular 

contacts, "blind zones" and hard-over-soft conditions are 

discussed below. Other limitations which result from the 

site environment and from the specified scope of these 

surveys apply particularly to seismic work performed at the 

Susitna sites. 

The seismic refraction technique depends upon measuring the 

first arrival of a seismic wave at geophones placed on the 

ground surface progressively further from an explosive 

charge or other seismic source. Arrivals at nearest phones 

generally indicate travel directly through low-density 

surface materials. At points further from the source, the 

seismic wave arrives sooner than would be expected from 

travel through surface materials, having traveled in part 

through deeper, more dense, and therefore higher velocity 

layers. If subsurface layers are uniform, horizontal and 

the seismic velocities progressively increase with depth, a 

mathematical model can be developed from the arrival time 

data that approximates actual conditions. Several condi-

tions exist in nature, however, which make interpretation 

of the data less precise and introduce ambiquity into the 

model. 

In ideal situations, plots of arrival times versus distance 

(see Appendices A, B, and C) produce straight lines, the 

inverse slopes of which represent the seismic velocity 

of the subsurface material. Deviations of the data from 

straight lines indicate inhomogeneity within layers, 
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irregular layer contacts, or inaccuracy in identification 

of first arrival time. Sufficient data is seldom available 

to distinguish amoung these possibilities. It is also 

difficult to determine if irregularities occur in near-

surface layers or at depth. In many cases, the data 

resulting from local or lateral velocity changes can also 

be interpreted as contact irregularities. 

Thin layers at depth also present a problem. Ideally each 

layer is represented on a time-distance plot as a separate 

straight line. Thin layers may produce no indication of 

their existance in the data regardless of the detail of the 

survey. Such "blind zone" cases can affect the calculated 

depth to deeper layers, such as bedrock, by a theoretical 

maximum of 30 percent. 

Layers with seismic velocities less than overlying layers 

are not detectable by refraction. This situation is 

suspected to exist in several areas, at the Watana site in 

particular, where less dense sediments may underlie frozen, 

more dense ground. Non-seismic information, such as boring 

data, is required to resolve hard-over-soft conditions, 

enabling correction of the refraction model, which is 

otherwise likely to be in error by as much as 30 percent 

for the depth of deeper layers. 

Several conditions occur which preclude collection of the 

optimum quantity and quality of data. These include 

weather, ground conditions and, of course, the time 

available to resolve operational problems which may arise. 

For the Susitna work, field data reduction was performed to 

assure the sufficiency of results from each line. In some 

cases, however, time and budget constraints precluded 

running additional lines which may have resolved some 

uncertainties. 
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In interpreting data which is less than straight forward, 

the tendency is to produce as simple a model as possible 

without violating the restraints of the data. In these 

cases, the experience and judgement of the interpreter is 

important in producing a geologically reasonable picture. 

The presence of an experienced geologist during shooting of 

the lines and during interpretation, combined with the 

results of previous investigations, increased the likeli­

hood that profiles presented herein reflect a fairly 

accurate model of existing conditions suitable for evalua­

tion of the feasibility of the project. Further explora­

tion is required to resolve the uncertainties identi­

fied during these surveys. 
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4.0 SPRING TRAVERSES 

The twelve traverses (lines 81-1 through 81-12) run during 

April each crossed the Susitna River, which was almost 

completely frozen at the time. Geophones at ice locations 

were placed in holes bored through the ice to soil or, in 

some cases, water. The phones were then firmly affixed to 

the soil or river bottom by weights. Explosive charges 

were detonated away from the river to provide the seismic 

energy source. 

During the surveys, ice thickness ranged up to four feet 

with only a few open leads. The Susitna River was at its 

1 ow point for the year but s t i 11 retained s u f f i c i en t 

velocity to interfere with seismic signals. Explosive 

charges up to 20 lbs were required to overcome the river 

noise in some cases. Also, seismic signals traveling 

through the ice at 11,000 fps (feet per second) often 

masked first arrivals through shallow, less dense sedi­

ments. 

The locations of lines 81-1 through 81-6 are shown in 

Figure 1. Lines 81-7 through 81-12 are shown in Figure 2. 

4.1 Traverse 81-1 

This traverse consists of one 1,000 ft geophone spread and 

three shotpoints. The line crosses the Susitna River near 

the mouth of Deadman Creek. The south terminus is at the 

base of the steep slope on the southern bank of the Susitna 

River while the northern terminus is at the toe of the 

slope at the northern 

third of this line is 

side 

over 

of the valley. The southern 

the ice-covered Susitna River. 

The interpretated profile for traverse 81-1 is shown 

in Figure 4. Bedrock has a calculated velocity of 16,700 

fps. Bedrock appears to be very near the surface at the 
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southern end of the profile and reaches a depth of about 

120 ft near the northern end of the profile. There is a 

bedrock high in the center of the profile which brings 

bedrock to within 70 ft of the surface at that point. 

An average velocity of 4, 600 fps was found for the sur­

ficial materials. In our experience, this velocity is 

typical of recent river deposits of varying saturation and 

grain size. 

4.2 Traverse 81-2 

This traverse consists of two 1,000 ft spreads and six 

shotpoints. The line setting is similar to that of 

traverse 81-1 but is 3, 000 ft further west, downstream. 

The northern half of the traverse was over the active river 

channel at the time of the survey. River ice with a 

velocity of about 11,000 fps, effectively masked the 

arrivals from the surficial materials under the river. 

The interpreted profile for traverse 81-2 is shown in 

Figure 4. The calculated bedrock velocity on this profile 

averages about 16,000 to 18,000 fps but is not well con­

strained due to the masking effect of the ice. Bedrock is 

near surface on the south end of the profile and becomes 

deeper towards the north to a postulated depth of about 

150 feet. There appears to be a bedrock high similar to 

that noted on profile 81-1, which brings bedrock to within 

100 ft of the surface. 

Surficial layer velocities vary from 5,000 fps on land to 

possibly 8,000 fps under the river. These velocities 

probably represent recent water saturated river deposits. 
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4.3 Traverse 81-3 

This traverse consists of one 500 ft spread and two shot-

points. 

3,000 ft 

The line crosses the Susitna River approximately 

downstream from traverse 81-2 in the area where 

the river and valley are narrow. The southern traverse 

terminus is on exposed bedrock and the northern terminus is 

near the base of steep northern valley slope. 

The interpreted profile for traverse 81-3 is shown in 

Figure 5. Ice velocities of 11,100 fps were encountered. 

The bedrock velocity and depth is unknown. A minimum depth 

calculation indicates there is probably at least 50 ft of 

5,000 fps overburden under the center of the river. The 

bedrock gradient noted on the upstream profiles (81-1 and 

81-2) suggests that the probable depth is more likely to be 

at least 100 ft. 

4.4 Traverse 81-4 

This traverse consists of one 1,100 ft spread and three 

shotpoints. A prominent structural feature on the north 

abutment, the "Fins", trends toward the location of the 

line. Rock is exposed near both ends of the line. 

Virtually the entire length of the line is over the ice­

covered river. 

The interpreted profile for traverse 81-4 is shown in 

Figure 5. Bedrock appears to be shallow and to have a 

relatively low velocity of 14,000 fps. This velocity is 

similar to that measured across the "Fins" on the north 

abutment (Shannon and Wilson, 1979, and line 81-15, this 

report). It is also possible that the 14, 000 fps material 

is unusually high velocity frozen gravels and boulders 

derived from local talus slopes and that competent bedrock 

may be present at a greater depth. A minimum thickness 

calculation was made which assumed a higher bedrock 
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velocity (e.g. , 17, 000 fps). This calculation shows that 

the depth of such high velocity material would have to be 

greater than 120 feet. This deeper contact places bedrock 

at an elevation similar to that both upstream and down­

stream from this traverse. It is also possible that the 

boulder deposit, which is exposed at the surface, has 

approximately the same seismic velocity as underlying 

weathered rock. In this case it would not be possible to 

detect the contact by refraction. 

A thin wedge of surficial materials with an average 

velocity of about 6,500 fps may be as thick as 35 ft near 

the north terminus of the line. A similar wedge appears to 

be present at the south end. 

4.5 Traverse 81-5 

This traverse consists of one 650 ft spread and three 

shotpoints. The line crosses traverse 81-4 and is slightly 

farther downstream for most of its length. 

The interpreted profile for traverse 81-5 is shown in 

Figure 5. The calculated apparent bedrock velocity of 

12,000 fps is very low but not inconsistant with the 14,000 

fps of velocity on line 81-4. The small difference could 

be due to anisotropy across a linear fracture zone or to 

inhomogeneity of the boulder deposit. If present, higher 

velocity rock ( 17,000 fps) would probably be over 100 ft 

deep. 

Thin surficial materials appear to be as thick as 15 ft at 

the north terminous of the traverse. 

4.6 Traverse 81-6 

This traverse consists of one 500 ft spread with two 

shotpoints. The line crosses a narrow portion of the 
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Susitna River under the upstream shell of the proposed dam. 

Both ends terminate at the rock walls of the Susitna 

River valley. The traverse connects the two segments of 

traverse 80-3 (Woodward-Clyde Consultants, 1980). 

The interpreted profile for traverse 81-6 is shown in 

Figure 6. The bedrock velocity and depth is unknown from 

the present data because of the masking of first arrivals 

from the bedrock refractor by direct arrivals through the 

river ice. Delayed arrival times at the end-points of the 

present line suggest there is about 30 to 40 ft of over­

burden near the river banks. Minimum depth calculations 

assuming the higher velocities interpreted for the rock 

slopes (line 80-3) suggest that the overburden is at least 

60 ft thick near the center of the river. This interpreta­

tion is similar to that of Dames and Moore ( 1975) for a 

line across the river at about the downstream toe of the 

proposed dam. 

4.7 Traverse 81-7 

This traverse consists of three spreads, each about 1,000 

ft long, and a total of nine shotpoints. The line crosses 

the river near the downstream limit of Borrow Area E. The 

Susitna River divides into several branches with the main 

course near the north terminus of the traverse. 

The interpreted profile for traverse 81-7 is shown in 

Figure 6. Bedrock has a velocity which varies from 19,000 

fps at the south terminus to 15,000 fps at the north 

terminus. Depth to bedrock is typically 100 ft deep. The 

bedrock surface has a gently undulating interface. The 

bedrock depth appears to increase near the north terminus 

of the line and correlates well with previous line SW-14 

which is located about 1, 000 ft to the northeast of line 

81-7. 
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The surficial materials, probably saturated recent river 

deposits, have velocities of about 5,000 fps. There is no 

evidence in the data for an intermediate velocity layer 

although previous lines in the area indicate this is 

possible. A thin, undetectable layer underlying the 5000 

fps layer with a velocity of 7,000 to 9,000 fps (typical of 

glacial materials elsewhere), if present, could cause an 

over estimation of overburden thickness by about 30 per­

cent. 

4.8 Traverse 81-8 

This traverse consists of three spreads, totaling about 

2, 500 ft long, and six shotpoints. The line crosses the 

river valley about 5,000 ft downstream from traverse 81-7. 

The eastern end of the profile crosses the active river 

channel. 

The interpreted profile for traverse 81-8 is shown in 

Figure 7. Bedrock velocities range from 15,000 fps at the 

west end of the line to 18,000 fps over most of the line. 

The depth to bedrock typically varies from 50 to 100 

feet. 

The surficial sediments have velocities of 3, 800 fps to 

4, 800 fps, suggesting only partial saturation. As in 

traverse 81-7, an intermediate velocity layer, if present 

as a hidden layer, could decrease the interpreted low 

velocity overburden thicknesses and increase depth to 

bedrock by up to 30 percent. 

4.9 Traverse 81-9 

This traverse consists of two spreads about 1,000 ft. long 

and six shotpoints. This line crosses the Susi tna River 

about 2 miles downstream from traverse 81-8. The line 
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crosses the river at its northwest terminus. 

ice prevented complete data acquisition. 

Thin, unsafe 

The interpreted profile for traverse 81-9 is shown in 

Figure 7. Bedrock velocities range from 14,000 fps at the 

southeast end of the line to 18,000 fps elsewhere. The 

depth to bedrock varies from 100 to 180 feet. The deepest 

portion is under the center of the valley. 

An intermediate layer having a velocity of about 6,500 

to 7,500 fps occurs under the entire line. This layer 

probably represents older and more consolidated gravels 

possibly of glacial origin. Recent surficial materials, 

probably alluvial sands and fine gravels, form a thin 

veneer, 20 to 30 ft thick, with velocities of 3,800 to 

4,800 fps. 

4.10 Traverse 81-10 

This traverse consists of two spreads, each about 1,100 ft 

long and six shotpoints. The line crosses the valley at a 

westward bend of the river about 8 miles downstream from 

the proposed dam. The southern end of the line crosses the 

river. 

The interpreted profile for traverse 81-10 is shown in 

Figure 8. No bedrock velocities were observed on this 

traverse. Minimum depth calculations show that the depth 

to bedrock is probably greater than 300 ft based on an 

assumed velocity of 18,000 fps. Lower assumed bedrock 

velocities would produce a shallower calculated depth. 

An intermediate layer velocity of 8, 300 fps to 9, 500 fps 

occurs under the entire line. The depth to this layer, 

which appears to be well consolidated or possibly frozen 

glacial deposits, decreases from about 70 ft at the north 
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end of the traverse to 10 ft at the south end. 

materials have velocities of about 4,000 fps. 

4.11 Traverse 81-11 

Surficial 

This traverse consists of three spreads and nine shot­

points. Two spreads are about 1,000 ft long while the 

third is 700 ft long and offset from the other two. This 

line is about 6,000 ft downstream from traverse 81-10 and 

crosses the Susitna River bottom lands. The center section 

of the line crosses the river. 

The interpreted profile for traverse 81-11 is shown in 

Figure 8. Bedrock appears to be about 400 ft deep assuming 

a bedrock velocity of 18,000 fps. 

An intermediate layer, similar to that beneath line 81-10, 

with a velocity of 8,000 to 10,000 fps occurs under the 

entire line. The highest velocities occur near the south 

end of the line. The depth to this layer is 20 to 30 feet. 

Thin surficial materials, which are probably partially 

saturated sands and gravels, have velocities of 3, 000 to 

3,500 fps. 

4.12 Traverse 81-12 

This traverse consists of two 1,000 ft spreads with seven 

shotpoints. The line is about 4,000 ft downstream of traverse 

81-11. The north end of the line crosses the river. 

The interpreted profile for traverse 81-12 is shown in 

Figure 9. 

traverse. 

No bedrock velocities were observed on this 

Minimum depth calculations indicate that the 

depth to bedrock is probably greater than 300 feet, assum­

ing a bedrock velocity of 18,000 fps. 
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An intermediate layer velocity of 6,700 to 8,000 fps occurs 

under the entire profile. Velocities increase northwards. 

Although they are somewhat lower than encountered on lines 

81-10 and 81-11, they probably represent similar deposits. 

Surficial materials 10 to 30 ft thick have velocities which 

range from 4,500 fps at the south terminus to 3,500 fps at 

the north terminus . 
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5.0 SUMMER 1981 SURVEYS 

Traverses 81-13 through 81-19 were located on the north 

side of the river, upstream from the proposed Watana Dam. 

This area is underlain by a buried or 11 relict 11 channel. 

Velocities of channel fill material vary considerably as 

discussed in relation to the individual traverses below. 

From borings discussed in the 1980 report (Woodward-Clyde 

Consultants, 1980), these materials are known to include 

well consolidated glacial tills and outwash deposits, 

younger alluvial deposits, and some lacustrine sediments, 

all possibly frozen in part or entirely. Although the 

seismic velocities of the channel fill referenced with each 

traverse are a reflection of material properties, no 

subsurface boring data was available in the vicinity of the 

1981 traverses to identify the type of material that might 

be represented by a particular velocity range. 

Traverses 81-20 through 81-22 were run in areas of shallow 

bedrock on the south abutment at Watana and on the south 

abutment at Devil Canyon. For these as well as for the 

other lines, higher velocity bedrock (ie 15,000 to 20,000 

fps) is presumably more competent than lower velocity 

bedrock (ie 10,000 to 14,000 fps). Specific rock types or 

degrees of weathering, however, cannot generally be distin­

guished by velocity alone. Correlation of the seismic 

velocities reported herein with the most recent surface 

mapping and boring information may provide a better 

idea of the extent of particular mapped units and struc­

tural features away from their locations known from out­

crops or cores. 

5.1 Traverse 81-13 

Three 1,100 ft geophone spreads overlapped line 80-1 by 500 

ft and continued that traverse an additional 2, BOO ft to 
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the northeast as shown in Figure 1. The traverse crosses 

undulating topography which rises gently to the northeast. 

The interpreted profile of traverse 81-13 (Figure 10) shows 

a continuation of the relict channel with a relatively 

uniform depth toward the northeast end of the line where it 

shallows. Bedrock, with seismic velocities ranging from 

13,000 to 15,000 fps is from 200 to 250 ft deep beneath 

most of the traverse. Channel fill material ranges from 

6,000 to 8,000 fps and surficial sediments, which are 

thicker toward the southwest end of the line where it 

overlaps 80-1, average 2, 200 fps. Several irregularities 

in the time-distance plot (Figure B-1) appear to be due to 

topographic effects. 

5.2 Traverse 81-14 

The southwest end of traverse 81-14 is located about 600 ft 

from the northeast end of traverse 80-2. Three 1,100 ft 

lines were used to extend traverse 80-2 to the northeast. 

The northern end of the line turns north to the edge of a 

small lake as shown in Figure 1. Relatively smooth topo­

graphy rises gently to the northeast to within 1,000 ft of 

the small lake, then drops gently toward the lake. The 

topography along the northern 1, 000 ft was not surveyed; 

the profile shown in Figure 11 for that area was approxi­

mated from small scale maps and field notes. 

The interpretation of traverse 81-14 (Figure 11) shows 

18,000 fps bedrock to be 500 ft deep beneath the southwest 

end of the line. This requires a drop of about 200 ft from 

the northeast end of line 80-2 which is not inconsistent 

with the 1980 interpretation. The 500 ft depth places the 

thalweg of the channel at an elevation of about 1,700 ft, 

which is similar to that found on line 80-1 to the west and 

somewhat deeper than on lines to the southeast. This 
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deepening to the northwest is consistent with the interpre­

tation from other considerations that the ancient stream 

flow was in that direction. 

To the northeast, on traverse 81-14, bedrock shallows to a 

depth of 100ft, effectively the edge of the relict 

channel, about 1,000 ft south of the lake. Along the 

northern extension towards the lake, bedrock maintains a 

depth of between 100 and 150 ft, and an average velocity of 

15,000 fps. 

Two layers of channel fill are apparent on the profile. 

Material with a velocity ranging from 9,000 to 10,500 fps 

as thick as 400 ft occupies the bottom of the relict 

channel and is overlain by a 50 to 150 ft thick 6,000 fps 

layer that continues to the north beyond the limits of the 

relict channel. The velocity of the deeper layer is 

similar to that interpreted as possible permafrost else­

where in the area. If it is indeed frozen, then it may be 

underlain by less dense, unfrozen sediments and the depth 

to bedrock may be as much as 100 ft shallower than shown in 

Figure 11. This is assuming that only the upper 100 ft is 

frozen and that the velocity of the underlying material is 

about 7000 fps. 

Velocities of surficial deposits range from 1,200 to 1,800 

fps beneath traverse 81-14 and vary from 20 to 30 ft in 

thickness. 

5.3 Traverse 81-15 

The center portion of traverse 81-15 consisted of two 

550 ft geophone spreads across the apparent topographic 

expression of the Fins structure near the top of the valley 

wall on the north side of the river. Topography across 

this central portion is somewhat irregular due, presumably, 
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to the underlying structure. Slopes to either side of this 

central portion were too steep for continuation of the 

line. Therefore, two extensions were run off the east and 

west ends of the central traverse but shifted about 200 ft 

further upslope to an area of more subdued topography 

(Figure 1). 

Data from traverse 81-15 indicates no intermediate layer 

( 7, 000 fps) such as found on nearby line SW-3. Instead, 

the most reasonable interpretation (Figure 12) of the data 

shows relatively low velocity bedrock (11,000 to 12,700 

fps) underlying relatively thin surficial materials with 

velocities of 1,000 to possibly as much as 4,000 fps. 

A bedrock velocity change at the southwest end of the 

extension to 16,000 fps may indicate the downstream boun­

dary of the shear zone. 

All apparently anomalous arrival times (Figure B-3) can 

be explained by topographic effects or by slight thickness 

changes in surficial materials. Two possible locations of 

resistant ridges in bedrock within the zone are beneath the 

northeast end of the extension where arrivals are consider­

ably more irregular than elsewhere. No such irregularities 

occur along the central portion of the line. 

5.4 Traverse 81-16 

This traverse consisted of two l, 100 ft geophone spreads 

across a deep section of the relict channel adjacent to 

the Susi tna River slopes upstream from the proposed dam 

site. Topography in this area is gently rolling and fairly 

level. The east end of traverse 81-16 is within 100 ft of 

the south end of traverse 80-7. 

The interpretive profile of traverse 81-16 (Figure 12} 

shows the depth to bedrock to vary between 200 ft at the 
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west end and 450 ft at the east end of the line. Bedrock 

velocity is 18,000 to 19,000 fps. Channel fill ranges from 

5,500 to 10,000 fps and thin surficial materials, 1,300 to 

1,800 fps. The 5500 fps materials appears to be a younger 

filled channel. The shape of this channel, however, is not 

well defined. 

Bedrock elevation near the east end of the line is about 

1,775 feet. This appears to be about the deepest part of 

the channel in the area. 

noted on SW-3 to the north. 

5.5 Traverse 81-17 

The elevation agrees with that 

A single 1,100 ft geophone spread was run northerly from 

the east end of traverse 81-16. The line is about 300 ft 

east and parallel with traverse 80-7. The configuration 

and velocities shown on the interpretive profile (Figure 

13) agree with those interpreted for traverse 80-7. 

Bedrock with a probable maximum velocity of 20,000 fps 

shallows from 400 ft at the south end, near the east end of 

line 81-16, to about 200 ft at the north end. Channel fill 

material averages about 8,000 fps and surficial materials 

about 1,800 fps. 

5.6 Traverse 81-18 

This traverse consisted of a single 1,100 ft line which was 

run in conjunction with line 81-19 across the southern edge 

of Borrow Area D north of Quarry Source B. A prominent 

gully separated the two lines and precluded their being run 

as a single traverse. The topography along traverse 81-18 

is relatively flat, sloping gently to the east. 

The profile of line 81-18 shown in Figure 13, indicates 

20,000 fps bedrock at a fairly uniform depth of 325 feet. 
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Bedrock depth at the eastern end of the line is based on 

depths interpreted for line 81-19. Intermediate velocity 

material is predominently 6,500 fps with a wedge of 8,000 

fps material, below the eastern end of the line which is 

consistent with traverse 81-19. Surficial materials 

ranging from 1,200 to 2,000 fps thin toward the east from a 

maximum thickness of 60 ft near the west end. 

5.7 Traverse 81-19 

This traverse consisted of two l, 100 ft geophone spreads 

extending easterly from about 600 ft east of traverse 

81-18. The traverse crosses line 80-8 near the midpoint. 

The line was approximately parallel to contours sloping 

gently toward the west. The slope is very steep toward the 

south. 

The interpretive profile of line 81-19 (Figure 14) shows an 

irregular bedrock surface ranging from 300 to 450 ft deep. 

The deepest portion is near elevation 1700 which is the 

lowest noted during this survey. Bedrock velocity ranges 

from 13,000 to 16,000 fps. 

Two layers of intermediate velocity materials are apparent. 

They consist of a 6,000 fps layer 80 to 150 ft thick 

overlying a 7,500 to 8,000 fps layer. Although thicknesses 

vary somewhat, this is consistent with the interpretation 

for line 80-8 where the lines cross. Surficial deposits 

are up to 40 ft thick with velocities from 1,200 to 2,500 

fps. 

5.8 Traverse 81-20 

This traverse extends line SW-1 on the south abutment of 

the proposed Watana Dam. Total extension was about 1000 ft 

to the east. The traverse consisted of overlapping 550 and 

300 ft geophone spreads with two 225 ft spreads over the 
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east side of the traverse to produce more detailed data in 

that area. Gently rolling topography along the traverse 

rises slightly toward the east. 

Figure 15 shows that bedrock, interpreted to be about 

18,000 fps, underlies the entire traverse at shallow depth, 

generally less than 10 ft. A small wedge, up to 50 ft 

thick, of intermediate velocity material, averaging 

7,000 fps overlies bedrock near the east end of the line. 

This material was identified as varved silts and clays in 

boring DH-25 (u.s. Army Corps of Engineers, 1979). 

5.9 Traverse 81-21 

Four overlapping 550 ft geophone spreads and several 225 ft 

detail spreads were run across the suspected projection 

of the Fingerbuster structural feature on the south 

abutment of the proposed Watana Dam. The total length of 

the line was about 1900 ft. It crosses line 81-20 near its 

northeastern end. The topography rises steeply to the 

southwest along the traverse. 

The purpose of traverse 81-21 was to delineate, if possi­

ble, the Fingerbuster zone in order to locate a drill site 

for further exploration of the zone. As shown on the 

interpretive profile of the traverse (Figure 15), the 

structural zone appears to occur as an area of 12,000 fps 

bedrock flanked by more competent 18,000 fps bedrock. This 

is overlain by 1,500 to 3,500 fps surficial materials which 

range in thickness from zero to 40 feet. 

The location of the zone was thought to be known more 

precisely from apparent anomalies on field time distance 

plots. Several anomalies apparent on the time-distance 

plot (Figure B-6), can be attributed for the most part to 

topographic irregularities and to changes in thickness of 
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the near surface layer. The zone appears to be delineated 

by a prominent slope break to the west and a rapid thinning 

of surficial deposits to the east. It appears that a 

topographic low exists over the central portion of the 

zone. The depression appears to be due to erosion by a 

crossing stream. 

5.10 Traverse 81-22 

This traverse was run as three overlapping 550 ft geophone 

spreads along the ridge on the south abutment of the 

proposed Devil Canyon Dam. The eastern portion of the 

traverse crosses the southern ends of lines 80-12 and 

80-13. The somewhat irregular ground surface along the 

traverse slopes downward toward the east end. 

The interpretive profile of traverse 81-22, shown in Figure 

16, shows very shallow bedrock ranging from 11,000 to 

15,000 fps overlain by surficial materials of 1,800 to 

2,000 fps. The surficial material appears to average 

about 10 ft thick but thickens to as much as 30 ft at one 

location near the east end. Intermediate layers of 5, 000 

and 10,000 fps interpreted for the south ends of 80-12 and 

80-13 were not apparent from the data for 81-22. 
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6.0 FALL TRAVERSES-FOG LAKES AREA 

The Fog Lakes traverse consisted of 48-500 ft geophone 

spreads with common end shot points. The location of 

the traverse was selected to cross areas of possible 

buried channels which could contribute to seepage from the 

reservoir. Topography along the line is gently rolling and 

relatively flat locally. Elevations range from less than 

2, 300 ft across the Fog Lakes valley, approximately five 

miles east of the proposed Watana Dam, to about 2, 400 ft 

near the proposed south abutment. 

The interpretation of the data for the traverse, shown in 

Figures 17 through 23, indicates that apparent bedrock 

velocities vary substantially along the traverse, from 

20,000 fps to as low as 10,000 fps. 

Two types of intermediate material are apparent. The 

first ranges from 4, 500 to 7, 000 fps and is interpreted 

to consist of poorly consolidated, saturated glacial 

deposits. The second ranges from 8,000 fps to as much as 

10,500 fps. This is suspected to be well consolidated 

glacial sediments in part or entirely frozen. Surficial 

deposits range from 1,000 to 3,000 fps, are as thick as 50 

ft in some areas, and are absent in others. 

Several areas along the traverse appear to be underlain by 

buried channels which extend below the proposed reservoir 

level. The two most prominent of these are near the west 

end of the traverse (Figure 17) and beneath the Fog Lakes 

Valley (Figures 22 and 23). Near the west end, a channel 

which may be as deep as 300 ft (to elevation 2t030) is 

filled mainly with low velocity (4300 to 6000 fps) de­

posits. Higher velocity channel fill ( 9000 fps) is indi­

cated near the east side of the channel but the contact 
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between the two types of channel fill is uncertain. It is 

possible that the higher velocity material is permafrost, 

in which case unfrozen sediments (with lower velocities) 

could be present below it and the total depth of the 

channel could be somewhat less than shown on the profile. 

The width of the deepest part of the channel appears to be 

about 1,000 feet. 

The apparent channel in the Fog Lakes Valley is more than a 

mile wide. The deepest part appears to underlie the lowest 

part of the valley at an elevation of about 1,940, 350 ft 

below ground surface. Much of the rest of the channel, 

which extends below the topographic high northwest of the 

valley, is below an elevation of 2,100 feet. 

The shape of the channel shown on the profile is based 

on marginal arrival-time data from distant offsets and 

from minimum depth calculations where distant offsets did 

not penetrate sufficiently to detect rock. The shape, 

therefore, could be significantly different, especially 

on the west side where depths could be greater. The 

interpretation shown, however, is considered to be a 

reasonable estimate of the maximum depth within the limits 

of the uncertainties of the data. 

The most critical uncertainty is the nature of the 8, 000 

to 11,000 fps apparent channel fill material. If this 

material is interpreted to be well consolidated glacial 

deposits then the interpreted profile as shown in Figures 

22 and 23 is appropriate. However, if the material is 

frozen, then lower velocity material could underlie the perma-

frost and depths to bedrock could be shallower than shown 

on the Figures. 
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A third possibility, which is not likely, is that the 

apparent channel fill could instead be weathered bedrock, 

at least in part. If this were true the bedrock velocity 

would be so close to that expected for frozen or well 

consolidated sediments that the contact between them could 

not be distinguished. It is remotely possible that the 

apparent indications of high velocity bedrock at depth 

are the result of irregularities in shallower, very low 

velocity weathered rock or from steeply dipping contacts 

between weathered bedrock and high velocity channel fill. 

An attempt was made to resolve the nature of high velocity 

apparent channel fill material using shallow reflection at 

the location of refraction line 81-FL-3. Results were 

not definitive but the most likely reflection appears 

to place the bedrock contact at a depth of l 70 ft below 

ground surface which is similar to the depth indicated by 

refraction in that area. This depth, however, indicates an 

anomalous high near the middle of the broad channel which 

makes the interpretation even more tenuous. 

Other areas of apparent channeling are present along the 

central portion of the traverse. These channels, although 

broad in some cases, are all above elevation 2,150 and 

generally shallower than elevation 2,200. 

At several locations along the Fog Lakes Traverse, bedrock 

lows appear to coincide with higher seismic velocities 

which is contrary to conditions elsewhere in the vicinity. 

No explanation for this is evident from the present data. 
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7.0 MAGNETOMETER SURVEYS 

Approximately 3,000 ft of magnetometer surveys were run as 

two long traverses and three shorter traverses in an 

attempt to locate buried mafic dikes on the south abutment 

of the proposed Devil Canyon Dam. One of the long tra­

verses was run along the alignment of refraction line 

81-22. 

No significant anomalies were detected which could not be 

attributed to cultural features or to topography. The 

method was found to be not applicable for mapping the dikes 

and therefore the program was discontinued after these 

trials. 
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8.0 GENERAL OBSERVATIONS AND CONCLUSIONS 

In general, results of the 1981 seismic refraction surveys 

are in good agreement with surveys interpreted during 1980 

and in previous years. Only a few cases were found where 

independent interpretations did not agree. The most 

notable of these were the lack of intermediate velocity 

material indicated on lines 81-15 and 81-22 which crossed 

or were near to existing lines for which shallow, interme­

diate velocity material had been interpreted. This 

difference may be a simple result of differing interpreta­

tion procedures or possibly an indication of rapid lateral 

changes. Boreholes, or possible additional, more detailed 

seismic lines, are needed to resolve these differences. 

As previously discussed, the seismic refraction method 

is subject to a number of limitations which affect the 

confidence one can place on the details of interpretations 

based soley on refraction data. For example, a great deal 

of uncertainty exists as to the nature of the apparent 

channel-fill material along the Fog Lakes traverse. A few 

borings in the interpreted channel areas, however, should 

resolve these uncertainties and provide a basis for further 

evaluation of possible seepage problems during design 

studies. 

The interpretation of material types represented by various 

velocities have been discussed in previous reports and are 

covered only in general terms herein. The present profiles 

were developed assuming the material types and velocities 

encountered in this survey were similar to those encoun­

tered in previous surveys which were based, in part, on 

boring information. 
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APPENDIX A* 

TIME-DISTANCE PLOTS - SPRING SURVEYS 

*This appendix deleted from Task 5, Appendix I. Refer to project files 
for Woodward-Clyde Consultants report. 
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APPENDIX B * 

TIME-DISTANCE PLOTS - SUMMER SURVEYS 

*This appendix deleted from Task 5, Appendix I. Refer to project files 
for Woodward-Clyde Consultants report. 
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APPENDIX C* 

TIME-DISTANCE PLOTS - FALL SURVEYS (FOG LAKE) 

*This appendix deleted from Task 5, Appendix I. Refer to project files 
for Woodward-Clyde Consultants report. 
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wee 
Line No. 

80-1 

80-2 

80-3 

80-4 

80-5 

80-6 

80-7 

80-8 

80-9 

80-10 

80-11 

80-12 

80-13 

80-14 

80-15 

81-1 

81-2 

81-3 

81-4 

R & M 
Survey No. 

80-1 

80-2 

80-3 

80-6 

80-7 

80-8 

80-9 

80-11 

80-12 

80-13 

80-15 

81-1 

81-2 

81-3 

81-4 

Location 
Figure 

2 

2 

2 

2 

2 

2 

1 

2 

3 

3 

3 

2 

2 

2 

2 

Profile 
Figure 

* 

* 

* 

* 
* 
* 
* 

* 
* 
* 

* 
4 

4 

5 

5 

TABLE 1 

1980-1981 Seismic Refraction Line Data 

Time-Distance 
Plot Figure 

* 

* 

* 

* 
* 
* 
* 

* 
* 
* 

* 
A-1 

A-1 

A-1 

A-1 

Line 
Length 

(ft) 

6,600 

5,500 

2,000 

1,100 

2,200 

2,200 

1,100 

2,200 

1,120 

1,120 

440 

1,000 

2,000 

500 

900 

Number of 
Segments/Shots 

8/31 

5/19 

4/11 

2/5 

2/10 

2/10 

1/3 

4/13 

3/8 

3/8 

1/2 

1/3 

2/6 

1/2 

1/3 

*Profiles and time-distance plots included in previous report (Woodward-Clyde Consultants, 1980). 

Comments 

Watana Rt Abutment-Relict Channel--Extended 

NE by 81-13 

Watana Rt Abutment-Relict Channel--Extended 

NE by 81-14 

Watana Rt & Lft Abutments Upstream--81-6 Crosses 

River in Middle 

Not Used 

Not Used 

Watana RT Abutment--Relict Channel Area 

Watana RT Abutment--Relict Channel Area 

Watana Quarry Source B--Extends SW-5 to South 

Watana Borrow Area E--Extends SW-14 to NW 

Not Used 

Watana Borrow Area E--Adjacent to Tsusena Creek 

Devil Canyon Saddle Dam Area--Left Abutment 

Devil Canyon Saddle Dam Area--Left Abutment 

Not Used 

Devil Canyon Saddle Dam Area--Left Abutment 

Run Over River Ice, 2.1 Miles Upstream from 

Proposed Watana Dam Centerline. 

Run Over River Ice, 1.6 Miles Upstream from 

Proposed Watana Dam Centerline. 

Run Over River Ice, 1.1 Miles Upstream from 

Proposed Watana Dam Centerline. 

Run Over River Ice, 0.6 Miles Upstream from 

Proposed Watana Dam Centerline. 



INTRODUCTION 

The fusibility study for the Susitna Hydroelectric: Project includes 

g.alogict~l And g.atechnical investigation of the arn extending from 

the Parks Hlghw.Jy 80 mllu ust to the mouth of the Tyone River 

and from the Dm•H Highw.Jy SO miles south to Stephan lake. The 

most cost eff.ctive method of gener.Jting and compiling baseline 

g.alogic Information about this large, llttle~investigated region is 

through the methods of photolnterpreUtion and t•rr.,in unit m.ap· 

ping. 

This t.xt and the accomp•nying terr•in unit maps present the 

results of aerial photograph interpr.tation and terrain unit analysis 

for the aru Including the proposed Watana and Devil Canyon 

damsite .Jrus, the Susitna River reservoir areas, construction 

material borrow arus, and access and transmission line corridors. 

The task was performed for the Aluka Power Auihority by R&M 

Consultants, Inc., working under the direction of Acres American, 

Inc. 

Scope of Work and Methods of Analysis 

Work on the air photo interpretation subtask consisted of several 

activities culminating in a set of Terrain Unit Maps delineating 

surface materials and geologic features and conditions in the 

project area. 

The general objective of the exercise was to document geological 

features and geotechnical conditions that would significantly affect 

the design and construction of the project features. More 

specifically the task obje<:tives included the delineation of terrain 

units of various origins on .erial photographs noting the occur· 

renee ilnd distribution of geologic factors such as permafrost, 

potenti•lly unstable slopes, potentially erodible soils, possible 

buried channels, potential construction materials, active flood 

plains and organic m;aterials. Engineering characteristics listed for 

the delineated areu •llows assessment of uch terrain unit's 

influence on project features. The terrain unit analysis serves as 

a d.ata bank upon which interpretations concerning geomorphologic 

development, glacial geology, and geologic history could be based. 

Additionally, this sub task provides base maps for the compilation 

and presentiltion of various other Susitna Hydroelectric project 

activities. 

The •rea of photo coverage was divided into units of workable 

size, resulting in 18 map sheets. Base maps were prepared from 

photo monies and the terrain units were delineated on overlay 

sheets. 

Physical characteristics and typical engineering properties were 

developed for each terrain unit and are displayed on a single 

table. 

The execution of this project progressed through a number of 

steps that ensured the accuracy and qu.llity of the product. The 

first step consisted of a review of the literature concerning the 

geology of the Upper Susitna River Basin and tr•nsfer of the 

information gained to high·level, photographs at a scale of 1: 

125,000. Interpretation of the high-level photos created a regional 

terrain fr•mework which would help in the Interpretation of the 

low-level 1:24,000 project photos. Major terrain divisions identi­

fied on the hlgh~Jevel photos were then used as an areal guide for 

delintiltion of more detailed terrain units on the low· level photos. 

The primary effort of the subtask was the interpretation of 

300·plus photos covering about 800 square miles of varied terrain. 

The land area covered in the mapping exercise is shown on the 

index map shut and displayed in detail on the 21 photo mosaics. 

During the low altitude photo interpretation a preliminary work 

review and field check was undertaken by R&M and LA. Rivard, 

terrain ilna/ysis consultant. A draft edition of the Terrain Unit 

maps and report was completed ar.d submitted for review to ACRES 

and L.A. Rivard. Comments and questions generated in the 

review of the draft report were analyzed by R&M and a second 

field check was undertaken. The final revised maps are included 

herein. 

Terrain units composed of or including bedrock ,are shown on the 

interpretiltion. However, these divisions are interpreted only as 

weathered or unweathered bedrock. Detailed petrologic designa· 

tions •nd age relations of the rock units have been synthesized 

from U.S. Geological Survey sources (Csejtey, 1978) and project 

field mapping accomplished to date. Rock unit designations from 

these sources are included on the maps. lineaments, features· 

of-interest, and potential faults have not been shown as their 

delineation is outside the scope of R&M's work. 

limitations of Study 

This is a generalized study which is intended to collect geologic 

•nd geotechnical materials data for a relatively large area. Toward 

this goal, the work has been successful, however, there are 

certain limitations to the data and interpretations which should be 

considered by the user. The engineering characteristics of the 

terrain units have been generalized and described qualitatively. 

When evaluating the suitability of a terrain unit for a specific use, 

the actual properties of that unit should be varified by on·site 

subsurface investigation, sampling, and laboratory testing. 

An important factor in evaluating the engineering properties, 

composition and geologic characteristics of each terrain unit is 

extensive field checking and subsurface investigation. The scope 

of the current project allowed only limited field checking and all 

subsurface investigations to date have been restricted to three 

terrain units clustered around the Watana site. This lack of 

ground·truth data further restricts the use of the terrain unit 

maps and engineering interpretation chart for site specific applica· 

tions. 

TERRAIN UNIT ANALYSIS 

A ~ is defined (Kreig and Reger, 1976) as any element of 

the landscape which has a defineable composition and range of 

physical and visual characteristics. Such characteristics can 

include topographic form, drainage pattern, and gully morphology. 

landforms classified into groups based on common modes of origin 

are most useful because similar geologic processes usually produce 

similar topography, soil properties, and engineering character­

istics. The terrain unit is defined as a special purpose term 

comprising the landforms expected to occur from the ground sur· 

face to a depth of about 25 feet. lt has the capability to describe 

not only the most surfical landform, but also, an underlying land· 

form when the underlying material is within about 25 feet of the 

surface (i.e. a compound terrain unit), and areas where the 

surficial exposure pattern of two landforms are so intimately or 

complexly related that they must be mapped as a terrain unit 

complex. The terrain unit is used in mapping landforms on an 

areal basis. 

The terrain unit m;aps for the proposed Susitna Hydroelectric 

Project area show the areal extent of the specific terrain units 

which were identified during the airphoto investigation and were 

corroborated in part by a limited on-site surface investigation. 

The terrain units, as shown on the following sheets and described 

~n this text, document the general geology and geotechnical char· 

acteristics of the Susitna Hydroelectric Project area. 

On the maps each terrain unit is identified by letter symbols, the 

first of which is capitalized and indicates the genetic origin of the 

deposit. Subsequent letters differentiate specific terrain units in 

each group and when separated by a dash, identify the presence 

of permafrost. 

During terrain unit mapping bedrock was identified, as per es· 

t;ablished techniques, only as weathered bedrock or unweathered 

bedrock. Details of bedrock geology shown on the mosaic maps is 

derived from Csejtey's USGS open file report on The Geology of 

the Talkeetna Mts. (1979) and from Acres American (unpublished 

data, 1981). The letter designations are used here as those 

authors defined them and the rock units are shown only where the 

photointerpretiltion located bedrock on the maps. There has been 

no attempt to correlate units across areas of limited exposure or to 

modify the outcrop pattern. Bedrock symbols are shown in slanted 

letters with the capital !etters defining the age of the unit and 

following lower case letters describing the rock type. 

Terrain Unit Descriptions 

For this photo interpretation exercise, the soil types, engineering 

properties and geological conditions have been developed for the 14 

landforms or individual terrain units briefly de'scribed below. 

Several of the landforms have not been mapped independently but 

rather as compound or complex terrC~in units. Compound terrain 

units result when one landform overlies a second recognized unit 

at il shallow depth {tess than 25 feet), such as a thin sheet of 

glacial till overlying bedrock or a mantle of lacustrine sediments 

overlying till. Complex terrain units have been mapped were the 

surficial exposure pattern of two landforms are so intricatly related 

that they must be mapped as a terrain unit complex, such as some 

areas of bedrock and colluvium. The compound and complex 

terrain units behave and are described as a composite of individual 

landforms comprising them. The strat'graphy, topographic position 

and areal extent of all units are sur.1marized on the terrain unit 

properties and engineering interpretations chart. 

Bx ·BEDROCK: 

C- COLLUVIAL DEPOSITS: 

Cl • landslide: 

Cs·f ·Solifluction Deposits: 

In place rock that is overlain by 

a very thin mantle of unconsol· 

idated material or exposed at the 

surface. Two modifiers have 

been used for all types of bed· 

rock whether igneous, sedimen· 

tary ar metamorphic. Weathered, 

highly fractured, or poorly con· 

solidated bedrock is indicated by 

the r.IOdifiers "w" (as in axw); 

unweathered, consolidated bed· 

rock is indicated by the modifier 

"u" (as in Bxu). A modifier or 

spedt~l symbol for frozen bedrock 

has not been used, although 

bedrock at higher elevations may 

be frczen. 

Deposits of widely varying com· 

position that have been moved 

down$ lope chiefly by gravity. 

Fluvial slopewash deposits are 

usually intermixed with colluvial 

deposits. 

A lobe· or tongue·shaped deposit 

of rock rubble or unconsolidated 

debris that has moved downslope. 

Includes rock and debris slides, 

slump blocks, earth flows and 

debris flows. Young slides are 

generally unfrozen while older 

slides may be frozen. 

Solifluction deposits are formed 

by f~ost creep and the slow 

down~slope, viscous flow of 

saturated soil material and rock 

debris in the active layer. This 

unit is generally used only where 

obvious solifluction lobes are 

identifiable. Includes fine· 

grained colluvial fans formed 

where solifluction deposits emerge 

from confined channel on a hill­

side onto a level plain or valley. 

These landforms are often frozen 

as derated by "·f". 

Ffg • Granular Alluvial Fan: 

Fp ~ Floodplain: 

Fpt - Old Terrace: 

Gta • Ablation Till: 

Gtb·f • Basal Till: 

GFo • Outwash: 

GFe • Esker Deposits: 

/\ 
V\ 
V\ 
V\ 
V\ 

DATE NO. 

A gently sloping cone generally 

composed of granular material 

with varying amOunts of silt 

deposited upon a plain by a 

stream where it issues from a 

narrow valley. The primary 

depositional agent is running 

water (for solifluction fans, 

Colluvial Landforms). Can in· 

elude varying proportions of 

avalanche or mudflow deposits, 

especial!y in mountainous regions. 

Fans are generally unfrozen. 

Deposits laid down by a river or 

stream and flooded during periods 

of highest water in the present 

stream regimen. Floodplains are 

composed of two major types of 

alluvium. Generally granular 

riverbed (laterill accretion) de· 

posits and generally fine·grained 

cover (vertical accretion} deposits 

laid down above the riverbed 

deposits by streams ;at bank 

overflow (flood) stages. 

An old, elevated floodplain 

surface no longer subject to 

frequent flooding. Occurs as 

horizontal benches above present 

floodplains, and generaly corn­

posed of materials very similar to 

active floodplains. 

Relatively younger ablation till 

sheets with more pronounced 

hummocky moraine topography and 

less dissected than older till 

sheets. These deposits are pre• 

dominently of the Naptowne 

Glaciation, contain abundent 

cobbles and boulders, and consist 

of water·worked till. The abta~ 

tion till may be sporadically 

frozen in the Denali Highway 

access corridors. 

Basal glacial till sheets, with 

subdued moraine morphology, 

which in the Watana Creek· 

Stephan lake area are relatively 

older (probably deposited during 

Eklutna and older glaciations)and 

elsewhere young 

Naptowne age. Often frozen in 

the Watana • Stephan lake area 

with a higher silt and ground ice 

content as denoted by modifier 

"-f"; generally unfrozen in the 

Gold Creek - Indian River area; 

and possibly frozen between 

Watana Camp and the Denali 

Highway. 

Coarse, granular relatively level 

floodplain formed by a braided 

stream flowing from a glacier. 

long ridges of granular ice· 

contact deposits formed by 

streams as they flow in or under 

a glacier. 

REVISION$ 

GFk ~ Kame Deposits: Hills, crescents •nd cones of 

granular ice·contact deposits 

formed by strums n they flow 

on or through a gl•cier. 

L·f - LACUSTRINE DEPOSITS: Generally fine·grilined materials 

laid down in the Copper River 

proglacial lake and gravelly 

s.ands deposited In the Wiltan• 

Creek • Stephen lake proglaci•t 

lake. Often frozen as denoted by 

modifier "~f". 

0 - ORGANIC DEPOSITS: Deposits of humus, muck and 

peat generally occurring in bogs, 

fens ilnd muskegs. Frequently 

overlies frozen material. 

Special Symbols and Landforms 

In addition to the terrain unit symbols, several special symbols are 

used on the Terrain Unit maps to denote landslide scars, terrace 

scarps, frozen soils, buried channels and tr.lils. 

Well defined landslide scarps, which indicate relatively recent 

failure, are shown as lines following the scarp trace with arrows 

indicating the direction of movement. Visible on the a.erial photos 

within many of the terraces and outwash deposits are several 

different surfaces which may be related to sedimentation •t • 

temporary base level which was followed by renewed incision. The 

various outwash and stream terraces are noted by lines following 

the scarps st~p.;arating the different elevation surfaces, with tick 

marks on the side of the lower surface. Permafrost soils hilve 

been delineated on the terrain unit maps through the use of •n ~f 

following the terr•in unit letter designation. By convention the 

symbol -f is used where the perm•frost is thought to occur at 

least discontinously. Sporadically frozen areu have not been 

defined on the maps, however, the possible occurr.;ance of frozen 

material within a terrain unit is described in the preceeding 

section on definitions and on the engineering interpretation chart. 

Buried channels along the Susitna River have been delineated by 

the use of opposing parallel rows of triangular teeth. Most of 

these features are minor and should have no impilct on the present 

studies, however three buried channels south of the southern 

;abutment at the Devil Canyon damsite, should be investigated to 

as-ses-s potential leakage around the dam. A simililr but larger 

buried channel extends from near the mouth of Deadman Creek to 

Tsusena Creek. The trough is filled with quaternary sediments of 

several different types and ages some of which may have a high 

transmissibility. Because this channel bypuses the Watana damsite 

detailed work should be directed towards determining its width, 

depth, soil types, and potential for reservoir leakage. 

Existing jeep and/or winter sled trails have been noted on the 

Terrain Unit maps by a dash~dot line. 

Terrain Unit Properties and Engineering Interpretation Chart 

In order to evaluate the impact of a terrain unit with respect to 

specific project features an interpretation of the engineering char· 

acteristics of each unit is provided. On the chart the terrain 

units are listed in horizontal rows and the engineering properties 

and parameters being evaluated are fisted as headings for each 

column. Within the matrix formed are. relative qUalitative char· 

acterizations of each unit. Several of the engineering propertie.s 

and evaluation criteria are briefly discussed below. The chart is 

presented for general engineering planning, and environmental 

assessment purposes. In this form, the data are not 11dequate for 

design purposes but when additional laboratory and field informa~ 

tion is acquired and synthesized, site specific development work 

can be minimized. 

SEE SHEET II FOR CONTINUATION 
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EnginMring lnterprebtion Definitions: 

Slope Cluslfic.tion 

Prob.1ble Unified Soil Types 

Drainage and Permeability 

Erosion Potenti;al 

Following guidelines established 

by the U.S. Forest Service, the 

Bureau of L.1nd Manilgement and 

the American Society of Land­

scape Architects, slopes in the 

project corridor have been 

divided into the following 

classes: Flat - 0 to 5\; Gentle -

S to 15\, Moder.ate - 15 to 25\ 
and stup - greater than 25\. 

References have been made to 

steep local slopes to account for 

stn.lll SC.Irps •nd the similar 

short but steep slopes which 

ch•rlicterize ice contKt glacial 

drift. 

Sued on the Jabor.atory test 

results, field observations, 

previous work in similar areas, 

.and definitions of the soils, .1 

range of unified soil types has 

been assigned tO each terrain 

unit. Often several soil types 

are listed, some of which are 

much less prevelant than others. 

Information in the soil 

stratigraphy column will aid in 

understanding the range and 

distribution of soil types. Study 

of the borehole Jogs and tab test 

results will give site specific 

unified soil types. 

How the soils comprising the 

terrain units handle the input of 

water is characterized by their 

drainage and premeability. 

Permeability (hydraulic conduc­

tivity) refers to the rate at 

which water can flow through a 

soil. Drainage describes the the 

wetness of the terrain unit, 

taking into account a combination 

of premeability, slope, topo­

graphic position, and the prox­

imaty of the water table. 

Erosional potentia! as described 

here, considers the materials 

likelyhood of being moved by 

eolian and fluvial processes such 

as sheetwash, rill and gully 

formation, and larger channelized 

flow. In general this relates to 

the partica! size of the soil, 

however, the coarse sediments of 

floodplains have been rated as 

high because the surface is very 

active, and likewise 

terrace deposits can have a high 

rating because of their proximaty 

(by virture of the their origin) 

to streams. (Mass wasting 

potential is considered under 

stope stability). 

Ground Water Table Depth to the ground water table 

is described in relative terms 

ranging from very shallow to 

deep. In construction involving 

excavation and foundation work, 

special techniques and planning 

will be required in most areas 
with a shallow water table and in 

some of the areas with a moder­

ately deep water table. Jn areas 

of impermeable permafrost a 

shallow perched local water table 

may occur. 

Probable Permafrost Distribution The occurance of permafrost 

and the degree of continuity of 

frozen soil is described on the 

Engineering Interpretation 

Chart, by the following relative 

Frost Heave Potential 

Thaw Settlement Potential 

Bearing Strength 

terms: Unfrozen- generally 

without any permafrost; 

Sporadic - significantly large 

areas are frozen. Site specific 

work may be required before 

design; DiscontinOus - most of 

the area is underlain by frozen 

soils - site specific work is 

required unless design incorp­

orates features relating to perma­

frost; Continous - the entire 

lilrea is frozen. All designs 

should be based on occurrance 

of permafrost. 

Those soils which contain signi­

ficant amounts of silt and fine 

sand have the potential to pro­

duce frost heave problems. A 

qualitative low, moderate, and 

high scale rates the various soils 

based on the potential severity 

of the problem. Where the soil 

stratigraphy is such that a frost 

susceptible soil overlies a coarse 

grained deposit, a dual classifi­

cation is given; for these soils it 

may be possible to strip off the 

frost suseptable material. 

Permafrost soils with a sign­

ificant volume of ice may show 

some settlement of the ground 

surface upon thawing. In gen­

eral, days, silts and fine sands 

have the greatest settlement 

potentia!, forming the basis for 

the three fold classification 

presented on the chart. Un­

frozen soils do not have the 

potential for thaw settlement, as 

denoted by "not applicable" 

(NA}. Thawing problems may be 

initiated acce!!erated by 

disturbance of the surficial soil 

layers or the organic m<~t. 

Based on the terrain unit soil 

types and stratigraphy a qualita-

tive description of bearing 

strength is given. In genera! 

coarse grained soils have a 

higher bearing strength than 

fine grained soils, but the 

Slope Stability 

Suitability as a Source of 

Borrow 

pres :nee of permafrost may 

signl{lcantly increase the 

strength of some fine grained 

soils (as indicated on the chart 

by the thermal state qualifying 

statement). 

The slope stability qualitative 

rating derived through 

eva!~.ation of each terrain units' 

topographic position, stope, soil 

composition, water content, ice 

content, etc. The stability 

asse~sment considers all rapid 

wasting processes (slump, 

rock slide, debris slide, mud­

flow, etc.). Several terrain 

uniu which have character­

istic<~lty gentle slopes and are 

comrtonty in stable topographic 

positions have been oversteepend 

by the recent, active under­

cutting of streams and/or man 

(or by older processes not 

curf"i'!ntly active such as glilcia! 

erosion and tectonic uplift and 

faulting). The stability of the 

terrtin units on oversteepend 

slopes and natural slopes is 

desc"ibed on the Engineering 

Interpretation Chart. 

Great quanties of borrow mate­

rials · will be needed for all 

phases of construction. The 

rating considers suitability as pit 
run and processed aggragete or 

impervious core and takes into 

acco,mt the materials present as 

well as the problems associated 

with extracting material from the 

various terrain units. 

REGIONAL QUATERNARY GEOLOGY 

Quaternary glacial events throughout South-Central Alaska pro­

foundly affected the soils, landforms, and terrain units occurring 

in the project area. This history has been discussed and partially 

deciphered in papers by Karlstrom (1964), Pewe (1965), Ferrians 

(1965), and Wahrhafting (1958). However, these investigations are 

of such scope as to make them of limited value here. "[he photo­

interpretation and resultant terrain unit mapping is the most 

detailed study of the Upper Susitna River Basin. The following 

discussion of Quaternary Geology is a synthesis of the new infor­

mation, derived during the photointerpretation, supplemented by 

data from published sources. 

The major topographic features of Suuthcentral Alaska were es­

tablished by the end of the Tertiary Period. What is now the 

Susitna project area was located in the relatively low northern 

portion of the Talkeetna Mountains, which separated the broad 

ancestral Copper River Basin lying to the east from the ancestral 

Susitna Cook Inlet Basin lying to the west. North and south of 

the Talkeetna Mountains and the adjacent large river basins stood, 

respectivity, the great arc of the Alaska Range and Chugach 

Mountains. Streams draining the region that would become the 

project study area may have flowed into either the ancestral 

Copper or Susitna River systems. During the Pleistocene the 

entire Susitna Project study area was repeatedly glaciated. Each 

of the glacial events would be expected to follow the same general 

pattern with several advances most likely reaching the maximum 

event described here. 

The onset of a given glacial advance in Southcentra! Alaska would 

be marked by the lowering of the snowline on the regions 

numerous mountain ranges and the growth of valley glaciers, first 

in the higher ranges and those closer to the Gulf of Alaska. 

Advancing glaciers from the Chugach, Wrangell, Alaska lilnd 

southern Talkeetna ranges would flow out of their valleys and 

coalesce to form large piedmont glaciers spreading across the basin 

floors, while the ice of the northern Talkeetna Mountains (in the 

project area) would still exist as valley glaciers. The piedmont 

glaciers of the Chugach and Wrangell Mountains would at some 

point be expected to merge, damming the ancestral Copper River 

and creating an extensive preglacial lake in the Copper River 

Basin. Alaska Range glaciers flowing southward would block 

possible ancestral drainage paths of the upper Susitna River 

creating a second Jake which covered much of the project area and 

merged with the lake filling the Copper River basin. Glaciers 

flowing from the Kenai Mountains and southern Alaska Range would 

also merge creating another proglaciat lake in Knik Arm, Cook 

Inlet, and the Southern Susitna Basin. Continued glacial advance 

would fill the basins eliminating the lakes and possibly forming an 

ice dome. lee shelves may have extended many mihis into the Gulf 

of Alaska. At this maximum stage many mountains in the project 

area were completely buried by ice as evidenced by their rounded 

summits white numerous others existed as nunataks. 

The deglaciation of Southcentral Alaska would follow a similar 

pattern but in reverse. Wasting of the lee would uncover peaks in 

the project area and the thinning and retreat of the glaciers in the 

Copper River, Upper Susitna and Cook Inlet regions would again 

allow lakes to form. Continued melting of the glaciers would 

remove ice dams blocking the preglacial lakes possibly creating a 

catastrophic (trench cutting) outburst flood. Intervals between 

glacial advances would be characterized by the fuvial entrenching 

of the Susitna and Copper Rivers and their tributaries. The 

earlier glacial events of the Quaternary Period are poorly known in 

the Upper Susitna Basin due to both the erosion of the older 

deposits and their burial beneath younger deposits. However, 
from the alpine topography and minor glacial sediments left on high 

slopes it can be demonstrated that early Pleistocene glaciers 

completely covered Southcentral Alaska as in the maximal event 

described above. Most of the glacial deposits that remain and the 

terrain units used to describe them have resulted from later glacial 

events. 

The last glaciation to completely cover the project area is of un­

certain age. Jt has been interpreted to be of Eklutna age by 

Karlstrom (19£4) which may be correlated with the Illinoian glacia­

tion of the Continental United States {Pewe, 1975), however, with 

the limited data available an early Wisconsin (Knik) age may be 

just as viable. Whatever the age, ice flowing from the Alaska 

Range, the Talkeetna Mountains and several local highland centers 

spread across the project lowlands depositing a sheet of gray, 

gravelly, sandy and silty, basal till (Gtb-f). The till varies 

greatly in thickness, ranging from the 100+ feet, displayed in some 

river cut exposures, to a thin blanket over bedrock. This till 

presumably overlies older, poorly exposed Quaternary sediments. 

It is recognized that the basal till, mapped as Gtb-f in the 

Stephan lake-Watana Creek Area may actually represent several 

closely related events and that basal till in valleys north of 

Deadman lake and downstream of the Devil Canyon site was 

probably deposited during younger glacial advances. Prominent 

lateral moraines of the major advance occur on the flanks of 

mountains bordering the central Watana Creek-Stephan Lake 

Lowland. 

Overlying the basal tilt unit and representing the next major 

depositional event is a lacustrine sequence. Presumably the 

lacustrine materials were deposited during the Ek!utna (?} Glacial 

retreat and during much of the younger Knik and Naptowne glacial 

events. During these stadia! events glaciers from the Alaska 

Range blocked drainage down the present Susitna channel and 

probably through a low divide between Watana Creek and Butte 

Creek; Talkeetna River Valley gl<~ciers blocked low divides between 
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Stephan Lake and the Talkeetna River; 11nd the Coppt;r River 

Basin wu occupied by 11n extensive preglacial l11ke. The 

lacustrine deposits mapped within the project 11rea u L •nd 

l/Gtb-f, cover much of the Watan11 Creek-Stephan lake Lowl~nd 

and extend upstream along the Susitna River to the Susitna­

Copper River Lowland. In the Wat.ana Creek*Stephliln lllke 

Lowland the unit is generally less than 20 feet thick and composed 

of medium to fine sand with • significant gro~vel content. The llilke 

deposits of the Copper River Lowland are thought to be much 

thicker and finer-grained. The coo~rseness of the lacustrine 

sediments {i.e. gravelly sands in the Wato~na Creek-Stephan lake 

area ) is not unexpected as the Jlndent lake was impounded behind 

and ringed by glaciers which were activity calving into the lake. 

During the late Naptowne glaciJII event, in the Wato~nJI Creek* 

Stephan Lake portion of the preglacial lake, several deltas and 

strandline features were formed lilt lilbout the 3,000*fOOt elevation. 

This shoreline level is higher tho~n most reported shorelines of the 

progtacial lake occupping the Copper River Basin. It is possible 

then, that during the Naptowne staidial the Watliln.l Creek -

Stephan lake progladal Jake stood at a higher level because it was 

impounded behing another ice dam in the Kosina Creek - Jay Creek 

It is also possible that an outlet exsisted for much of the 

life of the lake (conceivably in Kosina ~ Jay Creek area). Flow 

from the lake would remove great quantities of fine grained 

suspended sediment, causing a relative increase in the coarseness 

of the sediment deposited in the lake. 

Hummocky coarse grained deposits of ablation till (Gta) overly 

lacustrine sediments between Tsusena and Deadman Creeks and 

basal till in the valleys north of Deadman Creek and in the Denali 

Highway area. These materials may be correlative with eskers and 

kames found along the Susitna River between the Oshetnlil and 

Tyone Rivers, and together they represent the extent of the last 

major advance of glacial ice into the project area. They are ten­

tatively determined to be of Naptowne age (Late Wisconsin) 

(Kartstrom, 19£4) suggesting that the Knik Age gl.aciers were Jess 

extensive and their deposits were overridden and muked by 

Naptowne deposits. lacustrine sediments of the large gtaci.al lake 

occupying the Stephan lake - Watana Creek lowland have not been 

mapped overlying the ablation till, indicating that some of the 

ablation till and ancient Watana Creek~Stephan L.ake lacustrine 

sediments were time syncronus and that the progtacial lakes were 

drained shortly after the Naptowne maximum. One should note 

that several isolated deposits of ablation till are not necessarily 

indicative of this late advance and ice of Naptowne age did not 

deposit ablation till in all localities (most importantly in the 

Porta9e-Oevil Creek area and in the area between Deadman Lake 

and the Denali Highway); and that lacustrine sediments deposited 

in small isolated preglacial lakes have been found overlying 

ablation till. 

Intervals between glacial advances would be characterized by 

fluvial erosion and entrenching of the project area portion of the 

ancestral Susitna and its tributary streams, however, the majority 

of the interstadial fluvial hisory has been destroyed by subsequent 

glacial and fluvial history. Remnants of the older entrenching 

events are preserved in several abandoned and buried channel 

sections along the modern Susitna River. One of the largest older 

channels found, at the Vee Canyon damsite has a bedrock floor 

(cut below the bedrock floor of the present Susitna channel) which 

is now filled with fluvial and glacio-fluvial debris. The second 

buried channel, between Deadman and Tsusena Creeks, just north 

of the Watana site is filled with outwash and lacustrine materials 

with intervening till layers {Corps of Engineers, 1979). Bec•use 

ice of Naptowne and Knik ages presumably did not completely 

cover the project area, and the tills in the channel have character­

istics similar to the basal till unit attributed to the 

Eklutna Glaciation, it appears that a portion of the ancestral 

Susitna River valley of similar size and depth to the present valley 

existed as early as the Eklutna Glacial event (Illinoian). Eklutna 

age till and associated lacustrine sediments also filled some of the 

present Susitna valley, however, most have been subsequently 

excavated. The Eklutna age valley may have been graded to drain 

SEE SHEET ill FOR CONTINUATION 
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eut into the Copper River Basin. The fact that the pre~ent 

Susltna River flows in a deep c.1nyon .1crou mountainous terrain 

(in the Port.ige-Devil Creek and Jay-Kosina Creek areas). and not 

.Jcross the low Susitna-Copper River of the Stephan lake-Talk~tna 

River Divides may be the result of glacial derangement and/or the 

rapid drainage of pro-glacial I.Jkes causing a pirating of portion~ of 

the Copper and Talk~tna River dr;ainages. 

Other minor channel remnants include three buried channels above 

•nd south of the southern abutment at the Devil Canyon damsite 

th•t may be related to the drainage of a progladal lake or an older 

position of the Susitna River. The channels .Jre probably shallow 

but should be thoroughly investigated to .Jssess potential leakage 

around the dam. A small, partially buried channel downstream of 

Portage Creek and another near the mouth of Devil Creek are 

rernn•nts of the downcutting phase of the Susitna River. Similar 

channels &re found nnr the river level just upstream of the 

Watana Damsite and downstrum of Watana Creek. 

The present course of the Susitna River was probably established 

during or before the Wi~consin Glacial events. Sandy glacial tilt 

observed nur the river level at the Devil Canyon site may have 

been deposited by the glaciers forming the Naptowne Age ice dam. 

If this is the case, and the till is in~situ then most of the bedrock 

downcutting and removal of Quaternary sediment from the Susitna 

channel was accomplished before the end of the Wisconsin. If the 

till deposit near water level in Devil Canyon is older than the 

Naptowne event (Knik Ekultna), it would 
indicate, an earlier Incision date and that the river followed its 

present course since the Eary Wisconsin at least. 

Numerous modifications of the glaciated surfaces and the develop­

ment of non~glaci•l landforms has characterized the Sustina project 

area since the Pleistocene. The stream incision, as previously 

discussed, has produced or at least excavated the V-shaped 

Susitna River Valley within the wide glaciated valley floor. This 

has rejuvenated many tributary streams which are now down -

cutting in their channels, as is evidenced by the steep gradients 

in the lower portions of their channels, lower gradients in the 

mid~channel se-ction and frequently a waterfall niche - point 

~epar&ting these stream segments. Several low terraces (Fpt) 

have been formed above the modern floodplain (Fp) of the Susitna 

and its major tributaries. Terraces at ~everat different levels 

were found throughout the Susitna River Valley. Some occur high 

on the valley walls as eroded terrace remnants (upstream of Watana 

Creek); while others appear as very recent, !ow, flat planar 

features. Near the mouth of Koslna Creek and in several other 

locations, the terrace materials overlie relatively shallow bedrock 

such that they may more accurately be called bedrock benches). 

Between the Oshetna and Tyone Rivers the thin terrace gravels 

overlie glacial till. The terraces are frequently modified by the 

deposition of alluvial fan debris (Ffg) and/or the flow of solifluc­

tion lobes end ~heets (Cs) across their surfaces. Correlation of 

the terrace levels on the air photos is difficult because of the tack 

of continuity and was, therefore, not attempted. In the Gold 

Creek area three different, low level terraces are clearly visible 

and in the Tyone-Oshetna Rivers area four terrace levels can be 

discerned. Between these areas the terraces rarely occur in 

groups and are more widely spaced. Most tributary streams at so 

show multiple terrace levels with the best example being in 

Tsusena Creek where five or more levels appear as steps on the 

valley walt. 

The stream terraces are frequently modified by the deposition of 

alluvial fan debris (Ffg) and/or the flow of solifluction lobes and 

sheets (Cs) across their surfaces. Alluvial fans have also b~n 

deposited where steep small drainages debouch onto floors of wider 

glaciated valleys. 

Frost cracking, cryoturbation and gravity have combined to form 

numerous colluvial deposits. Steep rubbley talus cones have 

accumulated below cliffs and on slightly less precipitious slopes 

thin deposites of frost churned soils cover bedrock terrain (C). 

On numerous slopes in highland areas {as long Devil Creek) and 

on the broad lowlands solifluction has modified the surficial glacial 

til! and/or lacustrine deposits. 

The development of a number of landslides (Cl) has occurred 

throughout the project area. ~.ost landslides were found within 

the basal tilt unit (Gtb-f or l/Gtb-f) on steep slopes above 

actively eroding streams. The incidence of failure within this 

material appear~ to be strongly related to thawing permafrost and 

consequent soil saturation. The basal till unit is frequently over­

lain by lacustrine material and the lacustrine materials fail with the 

ti/1. Most failure~ occur as ~mall shallow debris slides or debris 

flows, however, a few large stump failures occur, The slumps and 

debris flows are marked with a special symbol on the Terrain Unit 

Maps. Steep rock slopes are assumed to be stable. However, this 

is undoubtedly not the case where unfavorably oriented dis~ 

continuities dip out of the rock slope. Such discontinuities must 

be identified and their effects assessed during on-site rock stope 

stability investigations. 

Finally, revegetation of poorly drained portions of the landscape 

has produced numerous scattered deposits of organic materials 

(0}; and permafrost has developed in many areas. 

REGIONAL BEDROCK GEOLOGY 

The bedrock geology of the Talkeetna Mountains and Upper Susitna 

River Basin is examined in numerous publications varying in 

nature from site specific to regional. The most comprehensive 

report is by Beta Csejtey (1978), entitled the Geology of the 

Talkeetna Mountains Quadrangle. This paper and map deals with 

the ages, lithology, structure, and tectonics of the regions rock 

units. His results, supplemented by unpublished data from recent 

project field mapping, are the basis of this report's bedrock unit 

identification. Csejtey (1978) concludes that southern Alaska 

developed by the accretion of a number of northwestward drifting 

continental blocks on to the North American plate. Each of these 

terrains had a somewhat independent and varied geologic history, 

consequently, many lithologies with abrupt and complex contacts 

are found. Csejtey notes that "the rocks of the Talkeetna 

Mountains region have undergone complex and intense thrusting, 

folding, faulting, shearing, and differential uplifting with as­

sociated regional metamorphism, and plutonism". He recognizes at 

least three major periods of deformation: "a period of intense 

metamorphism, plutonism, and uplifting in the late Early to Middle 

Jurassic, the plutonic phase of which persisted into Late Jurassic; 

a Middle to Late Cretaceous alpine~type orogeny, the most intense 

and important of the three; and a period of normal and high-angle 

reverse faulting and minor folding in the Middle Tertiary, possibly 

extending into the Quaternary". Most of the major structural 

features of the Talkeetna Mountains trend northeast to southwest 

and were produced during the Cretaceous Orogeny. 

Major bedrock lithologies as mapped by Csejtey, and included on 

the terrain unit maps, are summarized as follows: 

Tv 

Tbgd 

Tertiary volcanic rocks of subaerial and shallow 

intrusive origin with a total thickness of over 

1, 500 feet. The lower part of the sequence 

consists of small stocks, irregular dikes, flows 

and thick layers of pyroclastic rocks of quartz 

latite, rhyolite and latlte composition. The upper 

part of the sequence consists of andesite and 

basalt flows inter!ayered with tuff. These rocks 

are mapped in Fog Creek and its major tributary. 

Tertiary nonmarine sedimentary rocks including 

fluviatile conglomerate, sandstone, and claystone 

with a few thin lignite beds. The only known 

exposures of this unit are in Watana Creek. 

Tertiary biotite granodiorite forming stocks which 

Tsmg 

TKgr 

J•m 

TRv 

K•g 

TRvs 

are believed to be the plutonic equivalent of unit 

Tv. The most extens1ve exposures are found on 

either side of the St.sitna River from just up­

stream of the Devil Canyon damsite to the 

northward bend in the river about six miles 

upstream of Devil Creek. An outcrop of Tertiary 

hornblende granodiori!e (Thgd) is located just 

west of Stephan lake. 

Tertiary schist, mignatite, and granite which 

display gradational contacts. The schist and 

!it-par~Jit migmatite are probably products of 

contact metamorphism 1vith the entire unit possibly 

representing the roof of a large stock. The 

rocks occur in apprxoimately equal proportions 

with the largest exposures occurring in Tsusena 

Butte, west of Deadman Creek, and in the rec­

tangular ~outhern jog in the Susitna River. 
Csejtey maps this unit at the Watana damsite, 

however, more recent field work (ACRES, 1981) 

has shown that the Watana damsite bedrock 

consists of diorite and Jndesite. 

Tertiary and/or Cretaceous granitic rocks forming 

small plutons the largest of v.hich is found in the 

headwaters of Jay Creek. 

Jurassic amphibolite with minor inclusions of 

greenschist and occas,onal inter!ayers of marble. 

The unit is probably derived from neighboring 

basic volcanic formations. The amphibolite ex­

tends from the Vee Canyon damsite downstream 

for about 12 miles. Other Jurassic rocks which 

occur in extremely limited exposures include 

Trondjemite (Jtr) and granodiorite (Jgd) 

lithologies. 

Triassic basaltic met<~volcanic rocks form in a 

shallow marine environment as evidenced by thin 

interbeds of metachert, argillite and marble. The 

individual flows are reported as up to 10 meters 

thick and displaying pillow structure and colum~ 

nar jointing. This un t is mapped, in the project 

area, in the mountains east of Watana Creek. 

Late Paleozoic basaltic and andesitic metavolcano· 

genic rocks which form a broad band across the 

central Talkeetna Mountains from the southwest to 

the northeast. The 5,000+ foot sequence is 

dominantly marine in origin suggesting that it is 

part of a complex volcanic ore system. The 

majority of the band of this unit crosses the 

project area just west of Tsisi, Kosina and Jay 
Creeks. Near the top of this unit several 

metamorphosed limestone reef deposits (Pls) have 

been mapped. 

Cretaceous argillite end graywacke of a thick 

intensely deformed flyschtike turbidite sequence. 

Low grade dynametamorphism to the low green­

schist facies has allowed several early investi­

gators to map portions of this unit as phyllite. 

The graywacke beds form about 30% to 40% of the 

unit and tend to be clustered in zones 1 to 5 

meters thick. This unit is exposed at the Devil 

Canyon site. Jt extends downstream beyond Gold 

Creek and forms the mountain immediately east of 

Gold Creek. 

Triassic metabasalt and state in an interbedded, 

shallow marine sequence found in two atlochth~ 

blocks in the upper sections of Portage 

Creek. 

Several of the above units have been used to describe rocks 

mapped by Acres between the Watana and Devil Canyon dam~ites. 

Where this data was available it took precidence over Csejtey's 

map. 

listed below are some references which may be of help in provid­

ing background information and/or details concerning the soils and 

bedrock of the project area. 
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River Basin Interim Feasibility Report. Hydroelectric Power 

and related purposes, Prepared by the Alaska District, -
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U.S.G.S. Bulletin 907. 

Csejtey, B., Jr., W.H. Nelson, D.l. Jcnes, N.J. Silber!1ng, R.:>l 
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TERRAIN 

UNIT 

SYMBOL 

Bxu 

c 

Cl 

Cs-f 

Ffg 

Fp 

Fpt 

GFo 

GFe 

GFk 

Gta 

Gtb-f 

0 

L-f 

L 
GtQ 

_b_ 
Gtb-f 
Ca-f 
Gtb-f 
Cs-f 
~ 

Cs-f 
Fpt 

Ca-f 
Bxu 

Gtb-f 
Bxu 

Gta 
Bxu 

c exw+Bxw 

TERRAIN 

UNIT 

NAME 

Unweathered, 
consolidated 
bedrock 

Colluvial deposits 

Landslide deposits 

Solifluction deposits 

Granular alluvial 
fan 

Floodplain deposits 

Terrace 

Outwash deposits 

Esker deposits 

Kame deposits 

Ablnion till 

Buill till (frozen) 

Organic deposits 

Lacustrines 
(frozen) 

Lacustrine 
sediments over 
ablation till 

Lacustrine 
deposits over 
buaf tilt 

Solifluction 
deposits (frozen) 
over bual tlll 
(frozen) 

Solifluction 
deposits (frozen) 
over ablation 
till 

Solifluction 
deposits (frozen) 
over 
sediments 

Solifluction 
deposits (frozen) 
over bedrock 

Frozen buo~l till 
over bedrock 

Ablation till over 
un~weathered 

bedrock 

Colluvium over 
bedrock and 
bedrock 
exposures 

Colluvium over 
welltherad, poorly 
consolidated 
bedrock 

TOPOGRAPHY 

AND AREAL 

DISTRIBUTION 

Cliffs in river canyon rounded 
knobs on broad valley floor and 
mountain peaks. 

Predominantly found at the base 

SOIL 

STRATIGRAPHY 

of steeper bedrock slopes as Angul.tr frost cracked, blocks of 
coalescing cones and fans and rock, some silt and sand. 
rock glacier. 

SLOPE 
CLASSI-

FICATION 

Moderate to Near­
Vertical 

Moderate to Steep 

~~;,~sky n:s~co~:~~~te~long the Silty gravels, silty ::~~= ,."o"n~ 'lodo-•t• to Stoop 
Susitna River and its major sandy silts; possible .... " , 
tributaries. torted layers. 

Relatively smooth to Iabate topo-
graphy created by the flow of Silty sand and sandy silt showing 
materials subjected to frequent contorted layering. 
freeze/thaw cycles. 

Low cone shaped deposits formed Rounded cobbles and gravel with 
where high gradient streams flow sand and some silt, some sorting 
onto flat surfaces. and layering of materials. 

Flat plains, slightly above and 
adjacent to the present Susitna 
River and its major tributaries. 

Flat surface remnants of former 
floodplain deposits isolated ilbove 
present floodplain. 

Rounded cobbles, gravel and sand 
sorted and layered. With or 
without silt cover. 

Rounded cobbles, gravel and sand 
with some silt covered by a thin 
silt layers. Sorted and layered. 

Bottoms of U-shaped tributary Rounded & striated cobbles, 
valleys and adjacent to Susltna gravel and sand, crudely sorted 

and layered. 

Rounded to sharp crested sinuous 
ridges in upper Susitna area. 

Rounded to 
hummocky hills. 

sharp-crested, 

Tributary valley side walls and 
valley bottoms in general, 
between Tsusena and Deadman 
Creek hummocky rolling surface, 
numerous channels. 

Bottoms 
valleys 
slopes. 

In swales: between small rises on 
lowlands .and in high elevation 
bedrock .ll"e.ws. Flat surface to 
stepllke terraces. 

Lowlilnds (below 3000') fl.at sur­
face in the Tyone - Oshetna 
River area. 

Gently rolling to hummocky sur­
face surround"1ng Butte Lake 

lowlands, (below 3000') between 
Stephan L.ake ~tnd Watana Creek, 
and extending upstream past the 
Tyone River. 

Smooth to lob11te steplike topo­
graphy on gentle slopes above the 
proglad•J l.ake level, west or 
Tsusena Creek. 

Rounded striated cobbles, 
gravel, and sand. Crudely to 
well sorted and layered. 

Rounded &: striated 
gravel, and sand. 
sorted and layered. 

cobbles, 
Crudely 

Rounded and striated cobbles, 
gn.vel, and s•nd, no sorting or 
layering. Boulder-cobble lag 
covering surf~tce. 

Decomposed and undecomposed 
organic material with some silt. 

Sandy silt and sllty sand with 
occasional pebbles, to gravelly 
sand. Often sorted and layered. 

Stratified sandy silt and silty 
sand over unsorted silty sandy 
gravel. 

Well sorted silty sand and sandy 
silt overlying basal till. 

Unsorted gravels, sands & silts 
with thin ice layers, contorted 
soil layering. 

Silty, sandy, gravel .and silty 

Gently to Steeping 
Sloping 

Moderate 

Flat to Gentle 

Flat to Gentle 

Gentle 

Steep Local Slopes 

Steep Local Slopes 

Gentle to Steep 

Gentle to steep 

Flat 

Gentle 

Gentle to tl.oderate 

Gentle to Moderate 

Moderate to Steep 

Smooth to lobate and hummocky 
topography along Oeadm.an 
Creek 

gravely und showing contorted Moderate to Steep 
layering. 

Smooth to lobate flows of frozen Silty, sand .and sandy silt show­
fine gr".alned materi11ls, found on ing contorted layering over gentle 
terrace of the Susltna, frequent sorted .tnd l11yered rounded 
betwMn the Tyone and Oshetna cobbles, gr.ave! .and sand. 
Rivers. 

Smooth to lobate steplike topo­
graphy on the flanks of some 
mount11lns, north .and south of the 
Devil C11nyon •rea. 

Mixed gravels sands and sifts 
with thin ice layers and faint 
contorted soil layering 
bedrock. 

:~~~~te ~o~~~~~y slo~~·; rive~nd Gravels, silty sand and sandy silt 

canyon walls. Transitlon11l to :~~~lyi~~ b~~~~~~~g or sorting, 
high mountains areas. 

Hummocky rolling surface 
transitional to higher mountains 
11djacent to Deadman Creek. 

Higher etev.wtion mountllln areas 
and steep slopes .along the 
Susitn11 River .wnd Its m•jor 
trlbut11rles. 

Rounded and striated cobbles, 
g~vel and sand, no sorting or 
layering, over bedrock. 

Angular blocks of rock with some 
nnd and silt overlying bedrock. 

Small cliffs cut Into 
non-m<~rine sediments 
Watan• Cruk and 
volcanics in Fog CrMk. 

terti.wry Angu!.ar rubblot with silt 11nd s.and 
along over poorly consolidated sand 

tertiary over poorly consolidated or highly 
weathered bedrock. 

Gentle 

Moderate to Steep 

Moderate to Saeo 

Gentle to Steep 

Steep to 
Near Vertical 

Steep to 
Ne.ar Vertical 

DRAINAGE 
PROBABLE AND 
UNIFIED PERMEABILITY 

SOIL TYPES IN UNFROZEt. 

GP, GW, GM 
SW, SM 

GM, SM, ML 

SW, SM, ML 

GW, SW 

GW GP SW 
sP.' sM' 

GW, GP, SW, 
SP, SM, ML 

GW, SW 

GW, SW 

GW, SW 

GW, GM, SW, 
SM 

GM, SM, ML 

PT, OL 

SP, SW, _ML 

SP SW ML 
GW, GM, SW, SM 

SP, SW, ML, 
SM, SM, Ml 

GM, SM, ML 

GW, SW 
GM, SM 

SW, SM, ML 
GW, SP, SW 
SP, SM, ML 

GW, GM 
SW, SM, ML 

bedrock 

SP, SM. ML, 
bedrock 

GW, GM, 
SW, SM 
bedrock 

GP, GW, GM, 

~ 
Bedrock 

GM, SM, ML, 
GW, SW 

SOILS 

Good/High 

Poor/Low 

Frozen 

Good/High 

Good/High 

Good/High 

Good/High 

Good/High 

Good/High 

Moderate/Moder<lte 

Frozen 

Poor/Moderate to High 

Frozen 

Poor/Moderate 

L.tcu s trine- Good/ Good 
Bual Till-Frozen 

Frozen 

Frozen 

Frozen 

Frozen 

Frozen 

Good/ High 

Good/Low to High 

Good/Low to Moder11te 

EROSION 

POTENTIAL 

Low 

High 

High 

Moderate 

High 

Low 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Low 

High 

Moderate 

Lacustrine-High 
Bas;.! Tiii-Moder.tte 

Moderate 

Moderate 

Moderate 

High 

Moderate 

Moderate 

h'.oderate to High 

Moderate 

GROUND 

WATER 

TABLE 

Deep 

Deep 

Shallow (perched) 

Shallow (perched) 

Shallow 

Very Shallow 

Deep 

Shallow to Deep 

Deep 

Deep 

Shallow to 
Moderately deep 

Shallow (perched) 
to Deep 

At Surface 

Shallow (perched) 

Shallow 

Moderately deep 

Shallow (perched) 

Sho11Jow (perched) 
to Deep 

Shallow (perched) 
to Deep 

Shallow (perched) 

Shallow (perched) 

Shallow to 
Moderately dup 

Deep 

Deep 

TERRAIN UNIT PROPERTIES AND ENGINEERING INTERPRETATIONS 

PROBABLE 
PERMAFROST 

DISTRIBUTION 

Sporadic at Low 
Elevation. 
Discontinuous at 
High Elevations 

Active - Unfrozen 
ln•ctive - Sporadic 

Discontinuous to 
Continuous 

Unfrozen 

Unfrozen 

Unfrozen 

Unfrozen 

Unfrozen 

Unfrozen 

Unfrozen to Sporadic 

Discontinuous to 
Continuous 

Discontinuous 

Discontinuous to 
Continuous 

Sporadic 

L - sporadic to 
Discontinuous 
Gtb-f - Discon­
tinuous to Con-

Discontinuous to 
Continuous 

Discontinuous to 
Continuous 

Discontinuous 

Discontinuous 

Discontinuous to 
Continuous 

Sporadic 

Sporadic 

Sporadic to 
Discontinuous 

1/\ 
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FROST 
HEAVE 

POTENTIAL 

Nil 

Low to High 

High 

High 

Low 

Generally Low (High 
for surface cover) 

Generally Lov. (High 
for surface cover 

Low 

Low 

Low 

Low to Moderate 

High 

High 

High 

Moderate to High 

High 

High 

High 

High 

High 

High 

Lo.,· to Moder<~te 

LOW to High 

Low to High 

THAW 

SETTLEMENT 
POTENTIAL 

Nil 

Low to Moderate 

High 

Low 

Low 

Low 

Low 

Low 

Low 

Low to Moderate 

High 

High 

High 

Moderate to High 

High 

High 

High 

High 

High 

High 

Low to Moderate 

Low to Moderate 

Low to Moderate 

BEARING 

STRENGTH 

Very High 

Low to Moderate 

Low 

High 

Surficial Silts 
Low, Sands 
.wnd Gr.wve!s 
High 

High 

High 

High 

High 

Moderate to High 

Low if Thawed. 
High when fro.t:en 

Very Low 

Low when 
Thawed. 
High when 
Frozen 

Low if Thawed. 
High when 
Frozen 

Low if Thawed. 
High when frozen 

Low when 
Thawed. 
High when 
Frozen 

Low if Thawed. 
High when Frozen 

High when 
Frozen. Low 
when Thawed. 

High 

Low if Th.wwed. 
High when Frozen 

Low if Thawed 
High when Frozen 

Low to Very 
High 

Low to Moder11te 

SLOPE 

STABILITY 

Moderate to High 

Low to Moderate 

Low 

Low 

High 

High 

Low to Moderate 

Low to High 

Moderate 

Moderate 

Moderate 

Low 

Low 

Low 

LOW 

Low 

Low 

LOW 

Low 

LOW 

LOW 

Moder•te to High 

Moderl!te 

SUIT ABILITY 
AS SOURCE 

OF BORROW 

Fine • Poor 
Coarse - Good 

Fine - Poor 
Coarse - Variable 

Pooc 

Pooc 

Fine - Poor 
Coarse - Good 

Flhe - Poor 
Coarse - Good 

Fine - Poor 
Co.wrs.e - Good 

Fine - Poor 
Coarse - Excellent 

Fine - Poor 
Co2rse - excellent 

Fine - Poor 
Co.arse - Excellent 

Fine - Poor 
Co.arse- F.a!r 

Fine- Fair 
Coarse - Poor 

Nil 

Pooc 

Fine - Poor 
Co11rse- F1lr 

Pooc 

Pooc 

Pooc 

Fine - Poor 
Co.trse- Good 

Pooc 

Pooc 

Fine • Poor 
Co.arse- F.alr 

Fine - Poor 
Coarse - F•lr 

Fine - Poor 
Co11rse - Poor 
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Bedrock 
Mopping 

Units 

Abbreviated 
Descriptions 

Tv 

T ert iary Volcanic 
rocks ; shallow 
in trus ives , flows, 
and pyrocli!Stics; 
rhyo liti c to b.osaltic. 

Miscellaneous Map Symbo ls 

Tsu Tbqd 

T e rti a r y non · manne Ten1ar y biot ite 
sed imentary rocks ; gr;~nodionte; local 
cong lomer.ot e , sand - ho r nbl ende granod1orit 
s to ne, an d cl.oyston e . (Thgd). 

Scarp ~ Slide Scar ;(ITT Bur ied Channe l 

Tsmq 

Tertiary schi st , 
m1gmatite and gramte, 
reoresentmg the roof 
of a large stock . 

TKqr Jom (Jtr)(Jqd) 

Tertiary and / or JurasSIC amphiboli t e , 
Cretaceous gran1tics 1nctus 1ons of green -
forming small plutons. sch1st S. marbl e: local 

tronatemlte { J t r ) and 
granod10nte (Jgd ) . 

_/ 
/ 

Ro ck Contac t r~/ 

7iv 

Tr1ass1c ba.salt1c 
metavolcaniC rocK.s 
fo rmea 1n shallow 
mar1n e env1ronmel"'t 

Pzv (Pis) Koq RVS 

I C.to P•lmoi' Oo>< ''' 
Cretaci!ous a rgillite Trias.sic metabasalt 

and andes1t1C meta · and graywac ke, of a .ond slat'i! , an 
volcanogeniC reek s , th ick defo rmed in terbedded shallow 
local me ta-limes tone turoidite sec u ence, mar1ne seque nce. 
(Pi s). lowgrade metamorphism 

0~- ~~21ijO~O~Oiiiiii~4~000 FEET 
SCALE 

DATE REVISIONS 

Terra in Terrain 
Unit Unit 

Symbol Name 

Unwea thl"red, 

Bxu con50 iid ated 
bedrock 

c Colluvi a l deposits 

Cl Lo01ndslide 

Cs-f 
So!lfluction 
deposits (f rozen ) 

Ffg 
Granu l.:lr al luvi ill 

<•n 

Fp 
Floodpl •i n 
deposits 

Fpt Terracl': 

GFo Outw<t sh deposits 

GFe Esker c.Jeposit ~ 

GFk Kame depos1ts 

Gta Abl<1t ion till 

Gtb-f B.ual ti ll (frozen ) 

0 Org.;mic deposits 

L- f L<~custrines 

(f r o zen) 

L L<!custrine 

Gta 
sed imen ts over 
ab l at ion till 

L 
Lilcus tr in e 
deposits over 

Gt b-f basal t ill (f rozen) 

Cs-f 
Solifluc t ion 
deposits (frozen) 

Gtb -f over basal till 
(fr o zen ) 

1--
Cs -f 

Solifluc tion 
deposits (frozen ) 

GtCi"" over ablation 
t ill 

Solif luction 
Cs-f deposits ( frozen) 

FPt over terrace 
sed1ments 

Cs-f So lifluction 
depos it s { frozen ) 

BXiJ ove r b ed rock 

Gtb-f Frozen b <~sa l till 

-axu over bedrock 

Ab l ation till 

Gta over un-

BXU weat h e r ed 
bedrock 

Colluvium over 

C +B bedrock and 

EXU xu bedrock 
exposure s 

B~w +B xw 

Colluvium over 
weath ered or 
poorly consoli-
dated bedrock 

[ APO[P I~-A_L_A_s_KA __ ~PO_W~E~R~A~U~TH~O~R~I ~TY~~ 
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Bedrock 
Mopping 

Units 

Abbreviated 
Descriptions 

Tv 

1 ert 1 ar~ Volc <tn•c 
rocks: snil llow 
mtrus•ves , flows. 
ano pvrocl .;~ st•cs; 

rhyO I1 ltC to basaltic. 

Miscellaneous Mop Symbols 

Tsu 

T ert1ilr) non-mar,ne 
seo •mentar~· rocks; 
con glcmera te , sa nd ­
ston e , and claystone. 

Tbqd Tsmq 

Tertrar) b•ot1t e Tert•ar) schiS t . 
granod10n te ; local m•gmat1te ana gran•te, 
horn b lende granod•orite reores!"ntmg the roof 
( Tng d ) . of;; larg e stcck. 

Scarp ~ Slide Scar ;(\1' Buried Channel 

CONTINUATION, SEE SHEET 7 

TKqr 

Tert1ary and or 
Cret.o~ceous gr<>rHI•C S 
form•ng sm.;;.U pluton s . 

Jam (Jtr)(Jqd) 

Ju - ilss •c amoh•bOil te, 
•nCiusrons of green· 
scn•st t. milrOie local 
tron01emote IJtrl .:JI'C! 

granoo•orote 1 JgdJ. 

I 
// 

Rock Contact r--J 

liv 

TroiiSSIC b.asa!tiC 
'Tit'ta~olc.an•c reeks 
tcrm~o 111 shal!o"' 
rnar1ne ~'1\-tr::<lll'ent 

Pzv (Pis) Kaq livs 

La te Pii!@OZO•c basaltiC Cre t&eeous ollrg•lllte Tri a ssic: metabasalt 
and andes1 t oc meta· and ur"'' "'a ck~, of oll and sl.ate , .an 
volcanogenu;: rocks, thiCk dtform~d •n terbedaed shallo"' 
local meta-limestone turbiCllte s~a u ~nce, mor1ne scauence. 
\,Pis). lo .... grade met•morph,'§m. 

I 

SCALE Q-~~~2~0~0~0-~4~0.00 FEET 

DATE REVISIONS 

Terrain Terrain 
Unit Unit 

Symbol Name 

Unweo1t11er.d, 

Bxu consclid•ted 
bedr-ock 

c Colluvl;~~ l deposits 

Cl L.,dallde 

Cs-f Solifluction 
deposita ( frozen ) 

Ffg Gr.nuhllr alluvlaf 
fan 

Fp Floodpl;~~in 
deposits 

Fpt Terrace 

GFo Outwuh deposita 

GFe Es ker dopositl 

GFk K~e d.posits 

Gta Ab lation till 

Gtb-f Basa l till ( frozen) 

0 Org anic d•poslts 

L-f Lacustr in•s 
( frozen ) 

_j_ Lacus trine 
s~iments over 

Gta abl•tion tlll 

Gt~-f 
Lacustl"lne 
deposits over 
bual till ( frozen) 

cs-t1 Solifluction 
deposits ( frozen ) 

Gtb-f over bo~ul tlll 
(frozen) 

Cs-f 
Soli fl uction 
deposits (frozen ) 

"Gi(j"' over •bl;~~tlon 
til l 

Cs-f 
Solif luction 
d eposi ts (frozen ) 

FpT over terrKe 
sediments 

~ 
Solifluction 
depos its ( frozen) 

u ove r bedrock 

GJb-f Frozen b;~~ul tJII 

xu over bedrock 

Ablation till 

~ over un · 
weathered 
bedrock 

Colluvium over 

tfxtJ+Bxu 
bedrock and 
bedrock 
exposures 

~+Bxw 
Coll u vium over 
we11thered o r 
poo r ly consoll· 
d11ted bedrock 

L J 
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Bedrock 
Mapping 

Units 

Abbreviated 
Descriptions 

Tv 

Tertiary \'ol canJC 
rocks; sna llow 
lntl"USIVI! S , flOWS, 

and pyrocl ast iC s; 
rtlvolltlc to n asaltic. 

Miscellaneous Map Symbols 

Tsu 

T ert1ary non -marine 
sed1ment,;~ry rocks; 
congtomerate, sand­
s tone , and claystone . 

Tbqd Tsmq 

Tertiary biOtite Terti ary schist, 
granodJOl"lte ; local m1gmatit e ilnd granite , 
hornblende granodion:E: reoresenting the roof 
( Thgd). of a large stock. 

Scarp ~ Slide Scar~ ~ Tra1'l . ~// Buried Channel ~ / 

TKqr 

Tertiary and / or 
Cre taceous gran1tic s 
forming sma ll plutons. 

Jam (Jtr)(Jqd) 

Jurauic e~mphibolit e , 

inclustons of green· 
sCI'I ISl. ,!. marble; local 
trond1em1t~ (Jtr) and 
granodiorite (Jgd). 

// 
Rock Contact r~l 

RV 

Tri aso; ic basaltic 
metavnlcani<: rt•ck s 
form~o 1n s n .. llow 
mar1ne en v• rc.n m~nt. 

Pzv (Pis) 

late Pa leOZOIC OCISil l tJC 

and anaeS JliC met.;~· 

volcanogeniC rocks, 
local meta - limestone 
{ Pis). 

Kaq 

Cretaceou s arg illit e 
ana or<~yw<~cke , o~ a 
H1 1Ct. oe f ormed 
turb1d•te seouence, 
IOwfiirade metilmorpn •sm 

RVS 

and slate, an 
1n teroedded shallow 
manne sequence. 

SCALE O~-~~~Z~0~0~0-~4~000 FEET 

DATE REVISIONS . 

Terra in 
Unit 

Symbol 

B xu 

c 

Cl 

Cs-f 

Ffg 

Fp 

Fpt 

GFo 

GFe 

GFk 

Gla 

Gtb-f 

0 

L-f 

Cs-f 
Gtb-f 

Cs-f 
GlcJ 

Cs-f 
FPI 
Cs-f 
8xU 

Gtb-f 
"BXU 

fxu+Bxu 

Terrain 
Un it 

Name 

Unweathered, 
consolidated 
bedrock 

Colluvi.a l d eposits 

Landslide 

Solifluction 
deposits (frozen) 

Granul.:. r a lluvi .1 l 

''" 

Floodpl• in 
deposits 

TerriiCf! 

Outwilsh d epo s it s 

Esker depositli 

Kilme depos its 

Abliltion till 

Basal t ill ( froz e n ) 

O rgiln ic depos it s 

Lacustr ines 
( frozen ) 

Lacustrine 
sediment s over 
ab lil tion till 

Lacustr ine 
deposits over 
baul till (f rozen) 

Solif luction 
d epos its ( fr o zen) 
ov er basill till 
(frozen) 

Solifluction 
deposits (frozen ) 
o v er a blation 
t ill 

Soli fluction 
depos its ( froz e n) 

sed iments 

Solifluction 
depos it s ( frozen ) 
ove r bed roc k 

Frozen bas a l till 
over bedrock 

Ab la tion t ill 
ov er un ­
~·eathe red 

bedrock 

Colluvium over 
bedrock and 
bedrock 
expos ures 

Colluvium over 
wea t hered o r 
poorly consoli ­
d.at ed bedrock 

L 
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Bedrock 
Mopping 

Units 

Abbreviated 
Descriptions 

Tv 

Terti.a r y Volccm ic 
rocks; shallow 
mtrusives , flowo;, 
and pyroclast ics; 
rhyolitic to basaltiC. 

Misce llan eous Map Symbols 

Tsu Tbqd Tsmq 

Terti.ary non · marine T~rt1ary biot ite Tert i.iry s-chist, 
sedtmentary rocks; grilnodiorite; local m1gmiltit~ and grantte, 
conglomerate, sand - hornblend ~ granodiorit reoresentmg the roof 
ston e , and claystone. ( Thgd ). of a lii rge stock. 

Scarp ~ Slide Scar ;('ITT . 4 Tra1'l . ~// Buried Channel .-;? / 

TKqr Jam (Jtr}(Jqd) 

Tertiary and/ or Jurassic amph1boli te , 
Cretaceous gran1tic s tn CIUSIOns Of green-
forming small plutons. schist & marole; IOCiil 

tronCJeml\e {Jtr ) and 
granodtonte (J<;;id). 

_/ 
/ 

Rock Contact r~/ 

RV Pzv (Pis) Koq 

TnaSS IC OOisaltiC Late Pii leozoic b01u lti c Cretaceous il rgillit e · 
metavolc anic rocK s and andesitic meta· and graywilcke, of • 
formea 1n snal!o"'' volcanogenic rocks, tnick. ceformed 
mar1ne en vrronmE:""It loca l meta-limestone tu rtlid1 te sequence, 

(Pi s ). IO~»)jrade metilmOrph ism 

RVS 

Olll· ~~~2~0~0~0iiiiiii~4~000 FEET Triassic metabasalt 
ond slate, on 
mteroedd ed sha llow 

SCALE 

mar m e sequence. 

DATE REVISIONS . 

Terrain 
Unit 

Symbol 

Bxu 

c 

Cl 

Cs -f 

Ffg 

Fp 

Fpt 

GFo 

GFe 

GFk 

Gta 

Gtb-f 

0 

L-f 

L 
G"I"(J 

L 
Gtb - f 

Cs-f 
Gtb-f 

Cs-f 
Gtii"" 

Cs-f 
"fPT 
Cs-f 
1lXU 

Gtb-f 
-gxu 

Gta 
fuu 

c +8 FxU xu 

~+Bxw 

Terrain 
Unit 

Name 

Unwe•thered, 
consol id ilted 
b edrock 

r:olluviilll deposits 

Landslide 

~olifluc t ion 
deposits (froun ) 

Grilnulilr illluvLII 
f•n 

Floodpl•in 
deposits 

T errilce 

Outwuh deposits 

Esker r.l ~IJOS.its 

Kilme deposits 

Abliltion till 

Bilul ti ll (frozen ) 

Org•nic deposits 

Lilcustrine s 
(frozen) 

L•cu.urine 
sediments over 
ilblation tilt 

L•custrine 
deposits ove r 
basil! till {frozen) 

Solifluction 
deposits (frozen) 
over Qanl till 
(frozen) 

Solifluction 
deposits (frozen) 
over ilblation 
till 

Solifluction 
deposits (f rozen) 
over terriiC II! 
sed iments 

Sol i fluction 
deposits (f rozen) 
over bedrock 

Frozen basal till 
over bedrock 

Ab l.;ltion till 

\.\l!ilthered 
beorcck 

Colluvium over 
bedrock omd 
bedrock 
exposure!> 

Colluvium ove r 
wea t hered or 
poorly consoli· 
d.a t ed bedrock 

L 
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Cs-f 
Gttrl 

Bedrock 
Mopping 

Units 

Abbreviated 
Descriptions 

Tv 

T e r t lili'y VOIC<!nic 
rocks; snallo" 
1ntrusoves, flo w-. . 
and oyro:::last•cs; 
rhyO li tiC tO biiSiiiiiC. 

Miscel laneous Map Symbols 

Tsu I Tbgd Tsmg 

T ert1 ary ncn -mar•ne T ert. •ar) biottte Te rt iar y schtst, 
seatmen tar y rocks: granodtont e ; loca l m1gmattt e and grantte, 
conglomerate, sand · nornolen ae granodtori t r e oresentmo the roof 
swne, and claystone. (Thgd). of a large s-tock. 

Scarp ~ Slide Scar ;(\1T 
~ ./ 

E!uried Channel -:;7 Trail / ___ ./ 

TKgr 

Tertiary and/or 
Cretaceous gran1 t ic s 
for ming small plutons. 

Jam (Jtr)(Jgd) 

Ju raSS IC amph•bolite , 
•nclus•ons of green ­
scrust ~ marole; local 
u-on dJem•te (J tr ) and 
granod1or•te {Jgd) . 

/ 
/~ 

Rock Contact ,--~/ 

RV 

TriaSSIC b.isolltC 
metavolcantc rocks 
formea tn shallo"' 
m.irme envtronment 

Pzv (Pis) 

Late Paleozo•c Co~c -;c 
ana anaes•t•c meta · 
volcanogen•c r~cks, 
local meta-••mestone 
(Pis) . 

Kog 

Creta:eous arg •llo Ue 
and ;:ra\ " acke , of "' 
tnrcK deforme d 
turb•dite sequence, 
IOII g rade met amorphism 

RVS 

Tri a:;s •c metabasal t 
and sl a te. an 
tnte roedded shaltov. 
rna nn e seo uence. 

SCALE 
0~- ~~2~0~0~0~~4~000 FEET 

DATE REVISIONS 

Terrain Terrain 
Unit Unit 

Symbol Name 

Unweatt-er ed , 

Bxu consol id.1ted 
hedrock 

c C:olluvial deposits 

Cl limdsl id e 

Cs-f Solifl uct ion 
depos its (frozen) 

Ffg Granular alluvial 
ron 

Fp floodplain 
depos its 

Fpt Terrace 

GFo Out1.<oash deposit s 

GFe Eske r c.lr!Josits 

GFk Kame deposits 

Gta Ab l.llt ion t il l 

Gtb-f B.1u l till ( frozen ) 

0 Org•nic deposits 

L-f lacustrines 
(rrozen ) 

L lilcustrine 

Gt"O sediments over 
o~~ bl11tion t ill 

L L.acus t r ine 

Gtb-f 
deposits over 
bual till ( frozen) 

Cs-f 
Solifluction 
d e pos its ( frozen ) 

Gtb -f over bo~sal till 
(frozen ) 

Cs -f 
Solifluction 
deposits ( frozen) 

GiC over ablation 
till 

Cs-f 
Solifluction 
deposits (frozen ) 

Fpt over t errace 
ud iments 

Cs-f Solifluction 

BxU 
d e posits (frozen) 
over bedrock 

Gtb-f Frozen bani till 

BxU ov er b edrock 

Ab lat ion t ill 

~ .... ·eath ered 
bedrock 

Colluvium over 

tfxu+Bxu 
bedroc k and 
bedrock 
exposures 

~+Bxw 
Colluvium over 
weathered or 
poorly consoli -
dated bedrock 

L J 
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Bedrock 
Mapping 

Units 

Abbreviated 
Descriptions 

Tv 

Tertoou·y Volcan ic 
rocks; snallo"' 
•ntrusoves . flow<>, 
and pyrocli15tiC5; 
rn yoll tiC to basalt1c. 

Tsu 

T e rt1 ar y non·m;u·me 
seo•mentary rocks ; 
conglomerate, sand · 
stone, and claystone. 

Tbqd Tsmq 

Tert1ar~ biOtite Tertiary schist, 
granodiorit e ; local m•gmat•te and gran1te, 
OOr'"nOieno e gre~nod•ont r-epresent1ng the roof 
( Tngd). of a large stock. 

Miscellaneous Map Symbols 

Scarp ~ Slide Scar ;(\1T Buried Channel ~ Trail / __ .// 

TKgr Jam (Jtr }(Jgd) 

Tertia r y and/ or Jurass•c amph•bo lite, 
Cretaceovs gran1tics IMCIUSIOOS Of green• 
forming small plutons. schrst & marbl e ; local 

trond1em1te (Jtr ) .1nd 
granod10r1te ( Jgd). 

/_/ 
Rock Contact r,./ 

RV 

Tr • ass~e:: basa lt•c 
metavolcan•c rocks 
formed 1n shallow 
mil r 1ne env1ronment 

Pz v (Pis) Koq RVS 

La te Paleoz.o•c ::~ .. so -;c Creuce~us ~trQ•Io . te Tnassic metabasa lt 
and anoes•tic met<~ · and ;ray~<.·acke, of • ono s lat e , •n SCALE 
volcanogeniC re ek s , tn1ck oeformed 1nteroeOded sha llow 
local meta·l1mestone turtlldite sequence, mar.ne sequence . 
(Pis) . lo..,•grade metiilmorpi"Hsm 

Terrain Terrain 
Unit Unit 

Symbol Name 

Unweathered , 

Bxu con solid;~ted 

bed r ock 

c \.alluvial depo sits 

Cl Lollndslide 

Cs-f ~olifluction 

deposits (frozen) 

Ffg Gr.1n u lar •lluvi a l 
to n 

Fp Floodplain 
d eposits 

Fpt Te rrace 

GFo Outwas h d eposits 

GFe Esker (.lriJos its 

GFk Kame depo s it s 

Gto Abluion t ill 

Gtb- f Baul till (frozen ) 

0 Or9anic aeposiu 

L-f lOICUStr-ines 
(frozen) 

L Lacus t rine 

GtO 
sedimen ts over 
ilb lation till 

L Liu:ustrine 
deposits ove r 

Gtb-f basal till (frozen) 

Cs-f 
Sol ifl uct ion 
deposits ( frozen) 

Gtb-f over bils:~l till 
( frozen) 

Cs-f 
Solifluction 
deposits (frozen) 

GtO e>ver ;ablation 
till 

Solifluction 
Cs-f deposi ts (frozen) 

Fpt sediments 

Cs-f Solifluction 
deposits (frozen ) 

8XU over bedrock 

Gtb-f Frozen bani till 

"BXU over bedrock 

Ablation till 

~ weilthered u 
bedrock 

Colluvium ove r 

C +B bedrock and 

EXU xu bedrock 
exposures 

Colluvium over 

B~w +Bxw 
weathered or 
poorly consoli-
dated bedrock 

L 
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Bedrock 
Mappinq 

Units 

A bbreviated 
Descr iptions 

Tv 

Tert1o1ry Volcan ic 
rocks; sno~llo"' 

1ntrustves , flow'< , 
and pyrocl as tics; 
rnyolotoc to bo~ sa ltoc. 

Tsu 

T e rt1ary non-mar1ne 
se01men to~ r} rocks; 
conglomera te, sand· 
stone, and Cloi~' stone. 

Tbqd Tsmq 

T e rt1ar y 01011te Tert1ary sch1st , 
gro~nod1onte; loc a l m1gmat1te and granite, 
nornolenoe granod 1orot repre sentong the roof 
{Tngd). of '"' large stock. 

Miscellaneous Map Symbols 

Scarp~ Slide Scar ;(\TT Buri ed Channel ~ Trail /.// 

TKqr 

Tertio~ry and / or 
Cretaceous gramtics 
forming small plutons. 

Jam (Jtr)(Jqd) 7iv Pzv (Pis) Kaq 7i vs 

JuraSSIC amphtbOIIle, Trli,SStC b.;~SaltiC Late PaleOZOIC co.s.o ·;c CrttoiCo!:JU S o~rg•l..t e Tr1ass1c me taoaso~lt 2000 4000 FEET 
onclu s oon s of green · metavolcaruc rocKs ana anoes1toc meta · o~nd gra)"''olcke, ,,, '"" slat e , on SCALE 
schcst & marble; IOColl formeo 1n shallow volcanogeruc r~c ks, tOICk deformed ont eroedded shallow 
trond1emote (Jtr) and milrlne env1ronment IOCill meta· lomestone turo odi te seouence, marone seQuence. 
granod10r1te {Jgd), (Pis). lowgrade metamorphism 

OATE REVISIONS 

Terrain Terrain 
Unit Unit 

Symbol Name 

Unweul"lered , 

Bxu con solidl!ted 
b ed r oc k 

c C.olluvi•l deposits 

Cl Lorondslide 

I 

Cs-f Solifluction 
deposits ( fro zen) 

Ffg Gr iilnul•r .;r, lluvi iill 
ron 

Fp Floodpl•in 
deposits 

Fpt Terr• ce 

GFo Out w.n h d eposi ts 

GFe Es ke r dr:~os i ts 

GFk Kiime d e posits 

Gta Abl.i tion till 

Gtb-f Basal t ill ( froz en) 

0 Org•nic d eposits 

L-f L41Custrine s 
( froz e n) 

L L;~custrine 

G"t"a sediments ove r 
J~bl.uion till 

L LiiCU strine 
deposia over 

Gtb-f bOIS Ill t ill ( frozen) 

Cs-f 
Solifluction 
d eposits {fr ozen) 

Gtb-f over b.iiiSilll till 
( frozen) 

Cs-f 
Solifluction 
d eposits (froz en) 

GtO over iiblllltion 
till 

Cs-f 
Solifluction 
deposit s {froze n) 

Fpt ove r te rr.11ce 
sed iment s 

Cs-f Solifluction 

""BXlJ 
depos its (frozen) 
over bedroc k 

Gtb-f Froz en baul till 

lrxU ove r bedrock 

are u 

Abl.11tion t ill 

we.;r,thered 
bee rock 

Colluvium over 

Jfxu-+Bxu 
bedrock 11nd 
b edrock 
e xposure s 

~+Bxw 
Colluvium over 
weo~thered or 
poorly consoli -
do~t ed bedrock 

I 
L J 
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Bedrock 
Mappinq 

Units-

Abbreviated 
Descriptions 

Tv 

Tert 1ar y Vol c• n• c 
rocks; shallow 
1n t rus1ves, flows, 
and pyroc1ast1cs; 
rhyoli tic to Dasaltic. 

Misce ll aneous Map Symbols 

Tsu 

Tert1ary non · marm e 
sedimentary rock;s; 
conglomerate , scmd · 
s tone, 0:1 nd cli:lystone. 

Tbqd Tsmq 

Terti i:l ry b10t1 te Tert1ary scnist, 
granod1onte; local m1gmat ite and gran1te, 
hornbl e nde granodion:e reoresentmg the roof 
(Thgd ). o f a larg e stock. 

/ / 
Scarp ~ Slide Scar ;<('If' Buried Channel ~Trail ,.---- ·/ 

TKqr 

Tert1<1ry andlo r 
Creti:lceous gran1tics 
forming sma ll plutons. 

J am (Jtr}(Jqd) 

Jura ss iC amphibolite, 
onclus•ons of green­
schiSt & marole; IOcill 
trond1em1 t t' {Jtr) ilnd 
granod1onte (Jgd) . 

// 
Rock Contact r~/ 

l? v 

Tr1assic basilltic 
metavolcaniC rocks 
lormed 1r"l shalfow 
manne environmen t. 

Pzv (Pis) 

la te PaleOZOIC basaltiC 
and andes1tic meta ­
volcilnogen iC rocks, 
loca l met a· l1me stone 
(Pi s ). 

Kaq l?vs 

0~-~~~2iii0~0~0-~4~000 FEET Cre taceous a rg 1lli te Tnass1c metabasalt 
and graywacke , of il and slate, an 
t h1~ oelormed mt eroedded shallow 

SCALE 

turb 1d1 te sequence , mann !! sequenc e . 
low~rade metamorp h1sm 

DATE REVISION$ . 

Terrain 
Uni t 

Symbo l 

Bxu 

c 

Cl 

Cs-f 

F fg 

Fp 

Fpt 

GFo 

GFe 

GFk 

Gto 

Gtb-f 

1------

0 

L-f 

L 
Gib-T 

Cs-f 
Gtb-f 

Cs -f 

Terrain 
Uni t 

Nome 

Unwe.nhered, 
conso l id<~ted 

bedrock 

Co ll uvi<~l depo!>its 

L01ndslide 

.Snlif!uction 
deposits ( frozen ) 

Gr01nulilr Ol lluvi o~l 

''" 

Floodplillin 
deposi ts 

Terriilce 

Outwash deposits 

Esker <.Jr.posits 

K.;~me deposits 

Abl;lltion till 

Saul til l (frozen) 

Org;mic deposits 

Lillcustri nes 
( frozen) 

L.ilcustrine 
sediments over 
iilblation ti ll 

L a<.: u strin e 
deposits ove r 
baul till ( frozen) 

Solifluct ion 
d epos its (frozen) 
over bOISill till 
{frozen) 

Solifluct ion 
deposits ( frozen) 
over ab l at ion 
till 

Gtil 
~--------4------------~ 

Cs-f 
Fiil 
Cs-f 
l'3XU 

Gtb-f 
FxU 

Gto 
fuu 

C +B BXU xu 

~+Bxw 

Solifluction 
deposits ( frozen) 
over terrace 
sediments 

Soli f l uct ion 
depos i ts ( frozen) 
over bedrock 

Frozen basiil l till 
over bedrock 

Ab lation t ilt 
over un~ 
w eat h ered 
bedrock 

Col luvium over 
bedrock and 
bedrock 
exposures 

Colluvium over 
weat hered or 
poorly consoli ­
dated bedroc k 

L 
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Bedrock 
Mopping 

Units 

Abbreviated 
Descriptions 

Tv 

Tert lilry Vol canic 
rocks; sholl llow 
intrU SIV ~S , flow s , 
and o yrocl ast •cs ; 
rh yoliti c to basa lt ic. 

Miscellaneous Map Symbols 

Tsu 

Tert1ary non -manne 
sed1m~ntar~· rocks; 
conglome r ate , sa nd -
stone , and clay s tone. 

Tbqd Tsmq 

T~rtiary b1ot•t~ Tert1ary schist , 
granodior1t~; Icc a I m1gmati te and granite , 
hornblende granod1orite r ep resenting the roof 
( Thgd). of • larg e stock. 

Scarp ~ Slide Scar;(\~' Buried Channel 
~ . // ~ Trml ./ 

TKqr Jom (Jtr}(Jqd) 

Tertiary and/or Jurassic amphibolit~, 
Cretaceous gramtic s •nclus•ons of gr~f!n -
terming small plutons. SChiSt S marble; local 

trond1em1te (JtrJ and 
granod1ortte (Jgd). 

// 
Rock Contact r~/ 

RV 

Tn01ssic ba!>altir. 
metavolcanic ro~k s 

formeo ill !>hi>IIOW 

mar1ne env•ronment. 

Pzv (Pis) Kaq RVS 

Late Pa leozoic baultic Crel.i C. eou s argill ite Tri assic m~t•basalt 
and a nd es1t ic meu· and graywacke, of • •nd slat~ . on SCALE 
volcilnogenic rocks, th ick oeformed in terbedded sho~JJow 

loc oll l met•· limeston e turbi(lite sequence, marine sequence. 
( P is). lo,,gr Jde meumorp hism. 

Terrain Terrain 
Unit Unit 

Symbol Name 

Unwe~thered, 

Bxu consolid•ted 
bedrock 

c Colluvial deposits 

Cl Landslide 

Cs-f Solifluction 
deposits (frozen) 

Ffg Granul<~r alluvial 
fon 

Fp 
Ftoodpl01in 
deposits 

Fpt Terrace 

GFo Outw;uh deposi ts 

GFe Esker deposits 

GFk Kame deposits 

Gta Ablat ion t il l 

Gtb-f R01 ul til l (frozen ) 

0 Org•nic deposits 

L - f Lacustrines 
(frozen } 

L Lo~custrin e 

GtO sediments over 
ab lat ion till 

L Lacustrine 
deposits over 

Gtb-f baut ti ll ( frozen ) 

£§..:1_ 
Solifluction 
de po s its ( froun ) 

Gtb-f ove r basal till 
(fr ozen) 

Cs-f 
Solifluction 
deposits (frozen) 

G.ta over ab lation 
till 

C s-f 
Solifluction 
deposits (frozen) 

FPt sed iments 

Cs-f Sol if luction 
deposits ( frozen ) 

Bxu over bedrock 

G tb-f Frozen bau l till 

BxU over bedrock 

Ab l ati on till 

~ 
over un· 
weathered 
bearcck 

Colluvium over 

tfxu-+Bxu 
bedrock ilnd 
bedrock , 
exposures 

Colluvium over 

-fxw+Bxw 
weath ered or 
poorly con.soli -
dated bedrock 

L 
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Bedrock 
Mapping 

Units 

Abbreviated 
Descriptions 

Tv 

Tertiary Volcani c 
ro~,;ks; ~hallow 

•ntnJs•ve s, flows, 
ana pyroclastics; 
rhyolitic to basaltic . 

Miscellaneous Map Symbols 

Tsu 

Tertiary non -marine 
sedrmentary rocks; 
conglomerone, sa nd ­
stone, and clayston e . 

Tbgd Tsmg 

Tertiary btotlt e Tertiary schi st , 
granodiorite; loca l mrgmat ite and granite , 
nornbtende granodioritf" representing the roof 
( Thgd) . of a large stock. 

Scarp ~ Slide Scar ;<\fT _,¢ Tra1'l . ~j/ Buried Channel ~ / 

TKgr 

Tertiary and / or 
Cretaceous granitics 
forming small plutons. 

Jam (Jtr)(Jgd) 

Jurassic amphibolite, 
Jnclu SJOn"ii of green­
schist ~ milrbl e ; local 
trondjemit e ( Jtr ) and 
granod1orite (Jgd). 

// 
Rock Contact ,..-~/ 

RV 

Tri.iiissic basdltic 
metavolcanic rocks 
formed in shallow 
marine environment. 

Pzv (Pis) 

Late Paleozoic basaltic 
and anaesitic meta ­
volcanogeni c rocks, 
local meta- limestone 
(Pis) . 

Kag RVS 

SCALE 
0~~~2~0~0~0-~4~000 FEET Cretaceou s .iilrg illit e Triassic metabasdl t 

and graywdcke, of a and sldt e , an 
tnick deformed Interbedded sha llow 
turb rdi te sequence, manne sequence. 
IOWQrade metamorphism 

REVISIONS. . 

Terrain Terrain 
Unit Unit 

Sy mbol Name 

Unweilthered, 

Bxu consolid;,ted 
bedrock 

c <:o ll uvi;~l deposits 

Cl L;mds li de 

Cs-f Solif l uction 
deposits (frozen) 

Ffg Granul;~r o~lluviotl 

''" 

Fp Fluodp lilin 
d eposits 

Fpt Terro~ce 

GFo Outw;~sh deposits 

GFe Esker c.Jr.~osits 

GFk Kilme deposits 

Gta Ablation W I 

Gtb-f Raul t ill (frozen) 

0 Org;,nic deposits 

L-f Lilcustrines 
(frozen) 

L L•custrine 

GtO sediments ov er 
abliltion till 

L lacustrine 
deposits over 

Gtb-f bilul till (frozen) 

£LL 
Solifluction 
deposits (frozen ) 

Gtb-f over baSil / t il l 
(frozen) 

Cs-f 
So li f luction 
depos its ( frozen ) 

GtO over <lblat ion 
t ill 

Cs-f 
Soli fluction 
depos its (frozen) 

FPT sediments 

Cs-f Solifluction 

Bxu 
aepos its (f rozen) 
over bedroc k 

G tb-f Frozen basill till 

~ over bedrock 

Ablation t il l 

** 
over un-
we;; the red 
bedrock 

Col luvium o v er 

tfx;;-+Bxu 
bedrock ilnd 
bedrock , 
ex posures 

-fxw+Bxw 
Colluv ium over 
weathered or 
poorl y consoli -
dated bedrock 

L 
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Bedrock 
Mapping 

Units 

Abbreviated 
Descriptions 

Tv 

Tertt a r y Vol c.;n •c 
rocks; sha llow 
Intrusive s , flow s , 
ond pyrocl ast ics ; 
rh yolitiC to oasa l t i c. 

Miscellaneous Map Symbo ls 

Tsu 

Tert tary non · mar1ne 
s edtmentary rocks; 
cong lomerate , sand · 
stone, <tnd clilystone. 

Tbqd Tsmq 

Terti.a ry bioti te Teniary SChiSt , 
granod iorne; local migma ute and gran ite, 
hornblend e granod iorite representing the roof 
( Thgd ) . of a large stock. 

Scarp ~ Slide Scar 1(0' _Buried Channel 
~ / 
~Trail /./ 

TKqr 

Terti ar y a nd JOr 
Cret aceous grannies 
formtng sma ll p lu ton s. 

Jam (Jtr)(Jqd) 

Ju rass ic amchiootite, 
mc1us1ons of green· 
schist & marole : local 
trondjemite ( Jtr) and 
granoa•or1te (.J gd ). 

I 
/ 

/ 
Rock Contact r--.../ 

liv 

Tr1assic ba<;attir: 
rne tavolcl'!nlc rock s 
formed in shallow 
marm e environment. 

Pzv (Pis ) 

l iite Pal eOZO IC basa ltiC 
anc anoe s 1t 1c meta· 
vol canogeniC rocks , 
lccal meta· lo mestone 
o ::O i s ) . 

Kaq 

Creuceous arg illi te 
and graywacke , of a 
ltltCk oerormed 
turbtdi te sequence, 
lo" grade metamorphism. 

RVS 

Tri ass ic metabasal t 
and slate . iln 
mt erbeddep sn<t!low 
mar1ne seouence. 

DATE 

o. 2000 4000 FEET 
SCALE 

REVISIONS . 

Terrain Terrain 
Unit Uni t 

Symbol Name 

Unwe<~ther ed, 

B xu consolid .a ted 
b edroc k 

c Colluvi a l d eposits 

Cl Land s lid e 

Cs -f Solifluction 
d eposits ( f rou n) 

F f g Gr.anulll r ii ll u vi .l l 
ton 

Fp 
Floodp l.ain 
d eposits 

Fpt T e rr•ce 

GFo Outwuh d eposi ts 

GFe Eske r d e pos its 

GFk K.-.me depos its 

Gta Ablnion till 

Gtb-f F\.i u l till (frozen) 

0 Org .ani c deposits 

L-f L.acustrines 
(frozen ) 

L L.acu strine 

GiO 
sediments ove r 
ii blation t ill 

L LOiCUstrine 
depos its over 

Gtb-f bitul till (frozen) 

~ 
Sol ifluc tion 
depos its (frozen) 

Gtb-f over bas~ll till 
(f rozen ) 

Cs-f 
Solifluction 
deposits ( frozen ) 

GtO over ;~bl.lltion 
till 

C s-f 
Soli fluct ion 
depos it s (frozen) 

Fpt sed iments 

Cs-f Sol ifluc t ion 

BxU 
deposits { frozen} 
over bedroc k 

Gt b-f Froze n basa l till 

--sxu over bedrock 

Ab l i tion t il l 

~ 
ove r un · 
we.uhered 
bedrock 

Colluvium over 

"Ifxu+Bxu 
bedrock iOd 
bedrock 
exposu r es 

Colluv ium over 

-fxw+sxw 
we.athered or 
poorly consoli · 
dated bedrock 

L 
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Bedrock 
Mopping 

Units 

Abbreviated 
Descriptions 

Tv 

Te rtia r y Volcil ni c 
r ocks; s h a llow 
Intru s ives , flo ws , 
•nd pyrocl astic s ; 
rnyoli t ic to b asaltoc. 

Miscel laneous Map Symbo ls 

Gtb-f 
Bxu 

Tsu 

Terua r y non - ma r1ne 
sea1men tary rock s ; 
conglome r ate , s and -
stone, •nd cl a y s tone. 

Tbqd Tsmq 

T e rtl a r~ biotit e Tert iary schis t , 
granod 10r1te ; loca l migmat ite • nd gran1te , 
nornbl en oe g ranod10rot repr esen t 1ng th• roof 
( Thgd). of . large s toc k . 

~ / 
Scarp~ Slide Scar ;(\lT Buried Channei ~.Y ~/ 

~ Trai l ' 

TKqr 

Terti a ry and / o r 
Cretaceous gran1tic s 
forming small plutons. 

Jam (Jtr)(Jqd) 

Jur,nsic amphibOli t e , 
InClUSIOnS of gree n -
schi st & marbl e ; loca l 
t rond1em!t e 
granodiorit e 

/ 
/~ 

(Jt r ) •nd 
(Jgd ) . 

Rock Contact ,--...__/ 

RV Pzv (Pis) 

TriaSSIC basaltic La te Pal eoZOIC c.,.s,:,·;c 
metavolcaniC reeks •nd anoes ,toc me ta -
fo rmea ;n shallo" vol canog en •c r eeks, 
marone envirOnme nt . loca l meta - lomeston e 

( Pis ) . 

Koq 

Crela>::e.:>u s a rg1 h, te 
and ;::rav"ack e , of . 
thick oe fo rmed 
turbidi te sequ e nce, 
lowgrade me tamorphi Sm 

RVS 

Triass1c metabasa lt 

'"" slate , '" mt e roedded shat!ow 
mar m e sequenc e . 

DATE 

L 

Cs-f 
Fpt 

0 -
SCALE 

L 
Gtb-f 

2000 4000 FEET 

REVISIONS 

Terrain Te r rain 
Un i t Uni t 

Symbol Name 

a:u+Bxu 
Unwea thered , 

Bxu consol idated 
bedrock 

Jam 

c Co l luvia l deposits 

~ Cl Landslide 

Cs-f Sol i f l uction 
depos its ( frozen ) 

Ffg Granu l<1r alluvi illl 
hn 

Fp 
Floodpl;,. i n 
depos its 

Fpt Terrae!'! 

GFo Outwoil:sh deposits 

GFe Esker depos its 

GFk Kame deposits 

Gta Abl ation t i ll 

Gtb-f Aasa l til l (frozen) 

0 Organic oeposits 

L- f Lacustrines 
( frozen) 

L loiicustrine 

GiO 
sediments over 
iib l at ion t i l l 

L Lacustrine 
depos its ov er 

Gtb-f b asil l til l ( frozen ) 

~ 
Solifluct ion 
deposi t s (f rozen ) 

Gtb-f over b;~s aJ t i ll 
(frozen) 

Cs-f 
So li fluction 
deposits ( frozen ) 

GiO ov er Olblation 
till 

Cs-f 
Soli f luction 
deposits (frozt!!n) 

FPt over terrace 
sediments 

Cs-f So li f luction 

Bxu 
depos its (frozen ) 
ov er bedrock 

G tb-f Frozen bosa l till 

--exu over bedrock 

Ab lation t i ll 

~ over un · 
weathered 
bedrock 

Col luvium over 

tfxu+Bxu 
bedrock and 
bedrock , 
expos u res 

-fxw+sxw 
Coll uvi um over 
weathered or 
poorl y con soli · 
d a ted bedrock 

L 
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Bedrock 
Mopping 

Units 

Abbreviated 
Descriptions 

Tv 

T e rt•ary Vol cen •c 
rocks: sh~ltow 

•ntrustves , flow s , 
ano oyroCI.is t •cs; 
rh yolitiC to basa ltic. 

Miscellaneous Map Symbols 

Tsu 

T e rt1ary non-moilrme 
sed imentary rock s ; 
conglomerate, sa nd ­
stone, 01nd claystone. 

Tbqd Tsmq 

Tert i ~ry b•o t tte Tertiaq. schtst, 
grotnod•orne; locotl m1gmat•te otnd gran n e , 
hornolend e gran odtor ite reo resentmg the roof 
( Th;d). of a large stock. 

Scarp ~ Slide Scar ,<01 .Buried Channe l 
~ / 
~Trail // 

TKqr 

Tert iary and or 
Cretaceous granctic s 
formtng small pluton s . 

Jam (Jtr)(Jqd) 

Jur.ass1c amon iboltte, 
<nclustons of green­
sch•st S. m01rble: lcc.al 
tronajemtte <Jtr) and 
granca•onte ( Jgd). 

I 
./ 

/ 
Rock Contact r--J 

liv 

Tnass1c ba~alt ic 

'Tleta volcanec rocks 
formed tn Sflilllow 
mar 1n e envtronmeo n t . 

L 
Gtb-f 

Pzv (Pis) 

Late Pate":l:c•c casaltic 
a nc ances•ttC meta­
volc anogen ic rocks. 
!oc <~ l meta-l•mestone 
( ?Is ). 

GF 

Kaq 

Cretaceou s ilrg illite 
ana grav"acke, of 11 

th•c~. ceformed 
tur~c11te seouence, 
lol,grilde metamoroh•sm. 

livs 

Trias s •c metacasalt 
and s late- , an 
tnt eroecoed sh.allow 
mar•neo seooueonce. 

DATE 

0 2000 4000 FEET 
SCALE 

REVISIONS . 

Terrain Terrain 
Unit Unit 

Symbol Name 

Bxu 
Unwet~ thered , 

consolidt~ted 

bed rock 

c Colluvit~l deposits 

Cl l t~ ndslide 

Cs -f Solifluction 
deposits ( frozen ) 

Ffg Grt~nular illluvi t~ l 

f•n 

Fp 
Floodp l t~ in 
deposits 

Fpt Terrt~ce 

GFo Outwt~ sh deposits 

GFe Esker deposits 

GFk K.:ame d epos1ts 

Gta Abl<lt ion t!ll 

Gtb-f Rt~sal till ( froz e n) 

0 Org.anic d eposi ts 

L-f Lt~custnnes 

(frozen) 

L lt~cu s trine 

GiO 
sediments ove r 
ab!.lltion till 

L L•custrin e 
depos its over 

Gtb-f biisal till ( frozen ) 

~ 
Solifluction 
deposits {frozen) 

Gtb-f OYer b oiS;i l tilt 
(frozen) 

Cs-f 
Solifluction 
deposits ( frozen ) 

"G"iO over iiblation 
t ill 

Solifluction 
Cs-f depos it s ( frozen ) 

FPT over terTilce 
sediments 

C s-f Solifluction 
depos its ( frozen) 

Bxu over bedrock 

Gtb-f Frozen bas• l till 

tlXU over bedrock 

Ab lation t ill 

~ weilthered 
b ee rock 

Colluvi um over 

1fxu-+ Bxu 
bedrock and 
bedrock 
exposures 

Colluvium over 

-fxv;-+sxw 
we~thered o r 
poorly consoli -
d~ted bedroc.k 

L 
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Bedrock 
Mopping 

Units 

Abbreviated 
Descriptions 

Tv 

T e rti ary Vo l c;~nic 

rock s ; s h~llow 

Int rusives , flows, 
•nd pyroclastics; 
rhyoliti c to basaltic. 

Misce llaneous Map Symbols 

Tsu 

T ert i•ry non·m•rine 
sediment~ry rocks; 
conglomeroilte, so.nd· 
stone, •nd clays tone. 

Tbqd Tsmq 

Tertiary biotite Terti•ry scnist. 
granodiont e ; loc al migmatite and granite, 
hornblend e gran.:~d iorit t- representing the roof 
(Thgd ). of a large stock. 

Scarp ~ Slide Scar~ Buried Channel 

TKqr 

Tertiary and/ or 
Cretaceous granitics 
forming small plutons. 

Jom (Jtr)(Jqd) 

Jurassic amphibolite, 
mclus1ons of green· 
sch1st .1 marble; local 
trondJemite ( Jtr ) and 
granod1orite ( Jgd). 

// 
Rock Contact r~/ 

liv 

Triassic bas>'!ltic 
metavolcanic ro..:OI.s 
formed 1n sh>'!llow 
mar1ne environu)ent. 

Pzv (Pis) 

Late Paleozoic bas;~lt1c 

iind ;~ndes•tic met•· 
volcanogenic rocks, 
loca l meta- limestone 
(Pis). 

Koq 

Cretaceous argillite 
and gray wacke, of • 
tn1ck oeformed 
turb •d•te sequence, 
lo.,..,·gr•de metamorphism 

livs 

Tnass1c metabasalt 
ano slate, an 
m~eroedded shallow 
marine sequence. 

0 
SCALE 

DATE 

L 
Gtb-f 

2000 4 000 FEET 

REVISIONS 

I 

L 
Gtb-f Terrain 

Unit 
sy"mbol 

Bxu 

c 

Cl 

Cs-f 

Fig 

Fp 

Fpt 

GFo 

GFe 

GFk 

Gto 

Gtb-f 

0 

L-1 

Cs-1 
Gtb-f 

Cs-f 
GtCl 

Cs-1 
Fpt 

Cs-1 
8XU 

Gtb ·f 
"RXU 

tfxu+Bxu 

B~w +B xw 

Terrain 
Unit 

Name 

UnweAthered , 
consolid.11ted 
bedrock 

C:olluvi•l deposits 

Solifluction 
deposits ( fro zen ) 

Gr011nU l iilr ~ll luv i1l 

ton 

Floodpl Ain 
deposits 

Outwuh deposit s 

Esker d l'! iJOs i ts 

Ko~me d epos its 

B•ul till ( frozen) 

Oro01nic deposi ts 

lOICUSt!"ines 
(frozen ) 

L•cust rine 
sed iment s over 
41 bl•tion till 

lAc~.tstrine 
d eposits over 
bn•l till (frozen} 

Solifluction 
deposits (frozen) 
over buAI till 
(f rozen) 

Solifluction 
deposits (frozen ) 
over illbliltion 
till 

Solifluction 
deposits (frozen ) 
over terro~ce 
ud iment s 

Solifluction 
depos its (frozen ) 
o..;er be drock 

Frozen basal till 
ov e r bedrock 

Abliltion till 

.... ·eathered 
bedrock 

Colluvium over 
bedrock •nd 
bedrock 
exposures 

Colluvium over 
we~thered or 
poorly consoli · 
d;~ted bedrock 

L 

, 

J 
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Bedr ock 
Mappinq 

Units 

Abbreviated 
Descriptions 

Tv 

Tertiary Volconi c 
roc ks; sha llow 
Intrusive s, f lows, 
and p y roc l.st ics; 
rh yoli t i c to basaltic. 

Miscellaneous Map Symbols 

Tert iary non -manne 
sedimentary rocks ; 
conglomerate. sand· 
stone , and c l a ~·s tone. 

Tbqd 

Tert1ary biot1te 
granodiorite; local 
hOrnblende granodiori t 
( Thgd ). 

Tsmq 

Tertiary schist, 
migm 01 t ite and granite, 
represent ing the roof 
of a lilrge stock. 

Scarp ~ Slide Scar ;(\TT .Buried Channel 
~ . // $7 Tratl ./ 

TKqr 

Tertiary ;md/or 
Cretaceous granitics 
fo rming small plutons. 

Jam (Jtr)(Jqd) 

Jurassic amphibolit e, 
inc l usions of green­
schist & marb le ; local 
trondjemite (J tr ) and 
granOdiOrite ( Jgd). 

/~/ 
Rock Contact r~l 

RV 

TriiiSSic bas a ltic 
metavolcanic rock S 
formed in sh allow 
manne env1ronment. 

Pzv (Pis) 

Late Pa leozo ic cos,; :ic 
and andes1t ic me til ­
volcanogen lc r ee ks, 
loca l meta- limestone 
( Pis). 

Kaq 

Cretaceous arg ill ite 
and gra ywacke , of a 
thick deformed 
turb idite sequence , 
lowg rade metamorphism 

RVS 

Triassic metabasalt 
and sli:lte, om 
ifiterbedded sh;;~llow 

mar1ne sequence. 

SCALE 
0~-~~~2~0~0~0iliiiiiiiii4~000 FEET 

REVISIONS . 

Terrain Terrain 
Unit Unit 

Symbol Name 

Unweithered, 
Bxu con so lidiited 

b edroc k 

c Cotruviiil deposits 

Cl liindslide 

Cs -f Solifluction 
deposits (frozen) 

Ffg Grilnul<~ r iilluvi.-1 
f •n 

Fp Floodpl.ilin 
deposits 

Fpt Te rracfi 

GFo Outw.- s h deposits 

GFe Esker deposit ~ 

GFk Kiime deposits 

Gta Ab lation t ill 

Gtb-f Bani till (f rozen) 

0 Organic deposits 

L-f Lacustrine s 
(frozen) 

L Lacustr in e 

GtO 
sedimen t s over 
ablation till 

L Lacu s trin e 
deposits over 

Gtb·f basal till ( fro zen) 

.£.§.:!_ 
Solifluction 
deposits (froz en) 

Gtb·f over b ii s a l tit! 
(frozen) 

Cs·f 
Solifluction 
deposits (frozen) 

Gtil over ablation 
tit! 

Cs·f 
Solifluction 
d eposits ( f rozen) 

FPI sedimen ts 

C s-f Sol ifluction 

Bxu 
aeposits ( frozen) 
over bedrock 

G tb-f Frozen bciSal tit! 

--sxu over bedrock 

Ablation till 

~ 
ove r un · 
weOitr"le red 
bedrock 

Colluvi u m over 

"lfxu+Bxu 
bedrock and 
bedrock , 
exposures 

Colluvium ove r 

~+Bxw weathered or 
poorly consoli · 
dated bedroc k 

L 
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Bedrock 
Mapping 

Units 

Abbreviated 
Descriptions 

Tv 

Tert1ary Volcan1 c 
rocks; shallow 
intru.sives, flows, 
and pyroClastics; 
rhyo liti c to basoltic. 

Miscel laneous Map Symbols 

Tsu 

Tert iary non -marine 
sedimentory rock s ; 
cong lomerote, sond ­
stone, ond claystonf!. 

Tbgd Tsmg 

Tertiory b iot it e Tertiary schist , 
granod io r it e; local migmat ite and gran1t e , 
hornblende granod iorit e represe nting the roof 
(Thgd). of a large stock. 

Scarp ~ Slide Scar ;(\"1T Buried Channel 
~ / 
~Trail // 

TKgr 

Tertiary and / or 
Cret.;oceous granl\ics 
forming sma ll plutons. 

Jam (Jtr)(Jgd) 

Jurassic amph ibolite, 
mclusions of green ­
schi st & m.arble; loca l 
trondjem ite {J tr ) and 
granodiorite (Jgd ). 

I 
/ 

/ 
Rock Contact ,-..../ 

FOR 

FOR CONTINUATION. SEE SHEET 9 

liv Pzv (Pis) 

Tr1assic basa ltiC Late Paleozoic basaltic 
metavolcaniC rocks and an aes 1t ic meta -
fo rmed 1n sha ll ow volcancg en 1c rocks, 
mar1ne environment. loca l meta - li mestone 

t Pis}. 

Kaq 

Creuceous arg illi te 
and gra ywacke, of • 
thiC k delormed 
turb rdl\e sequence , 
lo1,grade metamorphiSm. 

livs 

T r iass ic metab.asalt 
and sl ate, .an 
interbedded shallow 
m.ar1ne seauence. 

DATE 

0 2000 4000 FEET 
SCALE 

REVISIONS. . 

Terrain Terrain 
Unit Unit 

Symbol Name 

Unweathered, 
Bxu consolid;~ted 

bedrock 

c Colluvial deposits 

Cl Landslide 

Cs-f Solifluction 
deposits (frozen) 

Ffg Gr•nul.::~r alluvial 
f•n 

Fp Floodpl•in 
deposit5 

Fpt Terracf! 

GFo Outwash deposit s 

GFe Esker deposits 

GFk Kame Qeposits 

Gta AbLation till 

Gtb-f B,ual till (frozen) 

0 Orgomic deposits 

L-f Lacustrines 
(frozen ) 

L Lacustrin e 

GtO sediments ove r 
.lblation till 

___.!,.__ Lacustrine 
deposits over 

Gtb-f basal till (frozen) 

Cs-f 
Solifluction 
deposits (frozen) 

Gtb-f over bani till 
(froz en) 

Cs-f 
Solifluction 
deposits (frozen) 

GiCl over abLation 
till 

Cs-f 
Solifluction 
deposits (frozen) 

FPI over terrace 
sed iments 

Cs-f Solifluction 
deposits (frozen) 

BxU over bedrock 

Gtb-f Frozen basal till 

-sxu over bedrock 

Ab l.i tion til! 

Gta over un -

fuu weathered 
bedrock 

Colluvium over 

tfxu+Bxu 
bedrock and 
bedrock , 
exposures 

~+Bxw 
Colluvium over 
weathered or 
poorly consoli -
dated bedrock 

J 
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Bedrock 
Mappinq 

Units 

Abbreviated 
Descriptions 

Tv 

T e rtl a ry Vo 1ca n1 c 
r oc ks ; sna llow 
lnt ru s o\•es , fl ows , 
and p y r oc last iCs ; 
rn yoli t 1c to t:oasa lt ic. 

Miscelloneous Map Symbols 

Tsu 

T ert1a r ~· non · marrne 
s e01mentar~· rocks; 
conglomera te , sand· 
ston e , a na cl a ys tone. 

Tbqd Tsmq 

Tertra r y brot 1t e Terti ary schiS t , 
g r anodror 1te ; loca l migmat rte and g ran1 te , 
h orn b len de granod iorite r eoresentrng th e roof 
( Thg d ) . 'of a JarQe stoc k. 

Scarp ~ Slide Scar ;(0' 
~ / 

Buried Channel ~ Trail / . . / 

TKqr 

Te rti ary a nC / o r 
C r etilceous g ra nr t ics 
form1ng small plu ton s . 

Jom (Jtr)(Jqd) 

Ju ras s1c amohobolite, 
on ctus1ons of green · 
scnost & ma rble ; local 
trond1em1te {J t r ) and 
granoooorllll!' (J gd ) . ' 

I 
/ 

/ 
Rock Contact r--J 

liv 

Tnassic b;ual t oc 
metavo lcaniC rocks 
Jormed 10 sha llow 
mar1ne env•ronmen t . 

Pzv (Pis) 

L.cne oa1ec:oic oasa ltiC 
.; no cmoes1t1C meta · 
votc anog enrc rocks, 
local meta · l1 mestone 
I Pis ) . 

Koq 

Cretaceous arg illi te 
and gray1,acke, of a 
thic k oe1ormed 
turoror te sequ ence , 
IOI,grade metamor ohosm. 

livs 

Tn ass ic me ta basalt 
and s lat e , an 
on t erbeooed sha llow 
mann e seouence. 

SCALE 0~~~2~0~0~0-~4~000 FEET 

DATE REVISIONS . 

Terrain Terrain 
Unit Unit 

Symbol Name 

Unweo~thered, 

Bxu consolido~ted 

b edrock 

c \.olluvi&l deposits 

Cl lo~nd s lide 

Cs-f Sol ifluction 
depos its ( frozen) 

Fig Gro~nu l &r illluvl &l 
ron 

Fp floodpll!in 
deposits 

Fpt T e rro~ce 

GFo Outwo~ sh d epos its 

GFe Esker dnjJosits 

GFk Kilme depos its 

Gta Ab l o~tion t il l 

Gtb -f Bilul till ( frozen ) 

0 Org<~nic deposits 

L-f Lo~cust r ines 
(frozen ) 

L Lo~cu strin• 

GtO sed iments over 
ilblo~tion till 

L lo~cu s tdne 
depos its over 

Gtb-f bo~nl till {frozen) 

.£§.:.f_ 
Solifluction 
deposit s (frozen) 

Gtb-f over bUill t i ll 
( frozen) 

Cs-f 
Solifluction 
deposits (frozen) 

GtO over ilbl.o~tion 

till 

Cs-f 
Solifluction 
deposits (frozen ) 

Fpt over terrace 
sed iments 

Cs-f Solifluction 

Bxu 
deposits ~ frozen ) 
over bed r ock 

G tb-f Fro zen bani t ill 

--exu over bed roc k 

Abl ation t ill 

~ we<~th ered 

bedrock 

Colluvium over 

tfxu+Bxu 
bedrock •nd 
bedrock , 
exposures 

Colluvium over 

-fxv;-+Bxw 
weathered or 
poorly con soli · 
dollted bedrock 

L J 
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Bedrock 
Moppinq 

Units 

Abbr eviated 
Descriptions 

Tv 

Tertiary VOICGnic 
rocks; shallow 
intrus1ve s , flow s , 
Gnd pyroclastics; 
rhyolitic to basaltic . 

Tsu 

Tert1ary non -marine 
sed1mentary rocks; 
conglomera te , s cmd ­
stone, and claystone. 

Tbqd Tsmq 

T e rtiary biotite Tertiary scnist , 
granodior1t e ; loto.~l migmatite and granite, 
hornblenLl c grilnu~1iorite reoresenting the roof 
( Th gd ) . of a large stock. 

Miscellaneous Map Symbols 

Scarp ~ Slide Scar ;(0' Buried Channel ~ Trail .,----/_/ 

TKqr 

Tertiary and / or 
Cretaceous granitic s 
forming small plutons. 

J am (Jtr}(Jqd) 

Jurass ic amphibo lite, 
1nc luS 10ns of green­
scn ist t. marble; local 
trondJemite ( Jtr ) and 
granodiori te {Jgd). 

// 
Rock Contact r~l 

R V 

Triassic. basaltic 
metavoic.an ic ro..:l<.s 
formed in st Ja linw 
mar1ne env1n1nrnent. 

Pzv (Pis) 

Late Paleozoic basaltic 
and an des itiC meta ­
volcanogenic rocks, 
local meta- limes ton e 
(Pis). 

Kaq R VS 

SCALE 
0~~~2~0~0~0iiiiiiiiiiii4~00.0 FEET Cretaceous arg illi te Triassic metabasalt 

and grayw<~eke, of a and slat e, an 
thick oeformed mterbedd ed Shi!llow 
turt)ldite sequence, marine sequence. 
lowgrad e metamorphism 

REVIS IONS . 

Terrain Terrain 
Unit Unit 

Symbol Name 

Unweathered, 

B xu consolidilted 
bed r ock 

c Colluvial deposits 

Cl Landsl ide 

Cs-f Solifluction 
deposits (frozen ) 

Ffg 
Granui .:H· il lluvi o~l 

''" 

Fp 
Floodp lili n 
deposits 

Fpt Terrilc .. 

GFo Outwilsh deposits 

GFe Esker deposits 

GFk K ame deposits 

Gta Ablation t i!l 

Gtb-f R•sal t ill (frozen) 

0 Org a nic deposit s 

L-f L.iicustr in es 
(frozen) 

L Lilcustrine 

GtO 
sediments over 
.Jib lolltion t itt 

L lilcustr in e 
deposits over 

Gtb-f bani till (frozen ) 

~ 
Solifl uc t ion 
deposit s (frozen ) 

Gtb-f ov er biiSill til l 
(frozen) 

Cs·f 
Sol ifluction 
deoosi ts· ( frozen) 

GtO over il bl at ion 
till 

Solifluction 
Cs-f depos its {frozen) 

"Fiit sediment s 

Cs-f Solifluction 

Bxu 
depos it s ( frozen ) 
ove r bedroc k 

Gtb-f Frozen ba sa l t ill 

"BxU over bedrock 

Abl at ion till 

~ 
ove r un -
weathered 
b edrock 

Colluvium over 

~+Bxu bedrock 0111d 
Dedrock 
exposures 

Colluvium ov er 

-fxw+sxw 
weathered or 
poorly consoli -
dated bedrock 

L J 
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Bedrock 
Moppinq 

Units 

Abbrevioted 
Descriptions 

Tv 

Tertlilr'Y \'o!C.ilniC 

rocks; snil!low 
tnlr'USIVI!S , flows , 
;md pyrocta st •cs ; 
rhyolitic to ooultic. 

Misce ll aneous Map Sy mb ols 

Tsu Tbqd Tsmq 

Terti.ary non·marine Tertiary bioti te Tert1 ary schist, 
sed•mentar y rocks; Qr"iiOO CI IOr'il l! ; loca l m•gmalite and g r an1te , 
conglomera te, sand - nornbl e nde gr,;modiorite represent ing th e roof 
s tone , and clays tone. ( Thgd ). of • lilrg e stock. 

Scarp ~ Slide Scar ;(\1' 
~ ./ 

Buried Channel ~ Trail .r-j 

TKqr Jom (Jtr )(Jqd) 

Tertia r y a nd/ or Jur ass ic ampn•oolite, 
Cretac eous gra nitics •nclus •ons of green -
for ming small pluton:;;. scn1st f. marble; toea I 

trondtem•te ( Jtr ) and 
granod10r1 te ( Jgd) . 

,---/ 
Rock Contact r~l 

RV Pzv (Pis) Koq RVS 

Tr1assic basaltic L ate Pa l eozo•c biiSil l tic Creuceous • rgillit e Tri ass•c metOibiiS il lt 
metavolcanic rocks ana anaes•t•c met•- iiOd Qr'ii)'WiiCkl! , or • •nd s tall!, '" formed m shal low volcanog enic rocks, thic k oeformed 1nteroedded shoillow 

SCALE 
BUBTABK 15 . 02 

mar1ne environme nt. local meta·l1mestone turb•ditt sequence, mar m e sequence. 
( ?Is) . lowgrade metamorphism PHOTO INTERPRETATION 

TERRAIN UNIT MAPS 
OATE AUGUST 19 81 
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B edrock 
Mapp ing 

Units 

Abbr eviat ed 
Descriptions 

Tv 

T ert1 aq Vol can1 c 
r ock s : sha llow 
IntrUSIVeS . flO ""'S , 
ana oy r ocl ast.cs ; 
r hyoliti C to oasalti c . 

Misc ellane ous Map Sy mb ols 

Tsu 

Te rt• arv non -mann e 
sed ime nt ary rocks ; 
conglomerate , sand ­
s tone , iin C cl cy s ton e . 

Tbgd Tsmg 

T er tiar" scn1st , 
m1g:mat1te an d g r<1 m te , 

g r <~nod ior i te reoresent1ng tne r oof 
of a lcrg e stock . 

Scarp ~ Slide Scar ;(\1' Buried Channel 

TKgr 

Terti ary and tor 
C r euceous g r ann ie s 
rorming small plu ton s . 

Jam (Jtr)(Jgd) 

Ju r iiS SIC amoh•Oolite, 
mclus1on s or green ­
scn•st .!. marole; loca l 
tronoremtte (J t rl and 
grano01orne ( Jgd J. 

I 
// 

Rock Contact ,---..J 

liv 

Tni!SSIC :)l!SilltiC 

'Tletavolcan•c rocks 
·crmed 1n shallow 
manne environme nt. livs 

Tri01ssu: me taoa salt 
and slate, an 
•nter bedded sn ~ ll ow 

marme seau ence . 

QA.TE 

0 2000 4 000 FEET 

REVISIONS . CH . An. A.PP. 

Terra in 
Unit 

Symbol 

Bxu 

c 

Cl 

Cs-f 

Ffg 

Fp 

Fpt 

GFo 

GFe 

GFk 

Gto 

Gtb-f 

0 

L-f 

L 
GtO 

L 
Gtb-f 

Cs-f 
Gtb-1 

Cs-f 
GiCl 

Cs-f 
Fpt 

Cs-f 
BxU 

Gtb-f 
-sxu 

"Efxu+ Bxu 

~+Bxw 

Terrain 
Unit 

Name 

Unwe~thered, 

consol id o~ted 

bedrock 

C:olluvio~J deposits 

L.indslide 

Solifluction 
d e posits ( frozen ) 

Gr.1nul .1 r oilluvi o~ l 

ron 

F loodp l o~ i n 
depos it s 

Te rro~ce 

Outwo~sh d epos its 

Esker dr!I)OSits 

Kilme deposits 

Abl o~ tion till 

Bo~ul till ( frozen) 

O rgo~nic d eposits 

L o~cu strines 

(froz en ) 

L o~custrin e 
s ediments ove r 
o~bluion till 

LiiCUStrine 
depo,;its over 
bilul t ill (froze n ) 

Sol i f l uction 
deposits (frozen ) 
over biiSil till 
( frozen ) 

Sol ifluction 
deposit s ( frozen ) 
over ilblation 
till 

Soli f luction 
deposits (frozen) 
over t errotce 
udiments 

Sol i fluction 
de pos it s ( frozen ) 
over bedrock 

Frozen basil! till 
over bedrock 

AO I.at ion t ill 
over un· 
weo~thered 

b edrock 

Col luv i um over 
bedrock ;md 
bedroc k 
exposures 

Colluvium over 
weath ered or 
poorly consoli ­
d~ted bedrook 

L 

, 
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---

Bedrock 
Mopping 

Units 

Abbreviated 
Descriptions 

Tv 

T ert • ~r y Volcan ic 
rocks; shalt ow 
lr'l lr"USIV@S, fl ow '> , 
and pyroclast ic s ; 
rnyoll t ic to basaltic. 

Miscellaneous Mop Symbols 

Tsu Tbqd Tsmq 

Tt!rti ar y non - mcH"Int T ert1ar y biot ite Tertiary schist, 
sedimentar y rocks: granodior•te; loc al migm<~tite and gr.:m•te, 
conglomer<l\e, sand· hornblende granod iorit representrng the ro:;,f 
ston e , ana clovstone. (Thg d ) . of a larg e stock. 

Scarp ~ Slide Scar ;('iTT 
~ / 

Buried Channe l ~ Trail / _./ 

TKqr 

T ertiary and/or 
Cretaceous gran itics 
forming small plutons. 

Jam (Jtr)(Jqd) R V Pzv (Pis) Koq RVS 

Jura ss1c amphiboli te, Tr ia ss ic basaltiC Late Pal eozoic c .. s.o. -;c C retac~:lus arg il,, te Tr iaSS IC metabasa lt 
inclu s •on s of green - metavolcan•c rock s ana anoes •tk me ta- and ;raywacke , of • '"" slate. •n 
schist ;r. maro le; local fo rmeo .in sha llow volcanogerHc r:.::k s , tnick oe fc rmed .n teroedded shallow SCALE 

a~· ~~~2~0~0~0~-4~000 FEET 

trond1emote ( Jtr J and manne envt ro~mer>t. locil l meta- lom e:s.tone turbodi te seq u ence, miir tn e seque nce . 
granodiort te ( JQd J. ( Pis ). lo" •grade metamorpho sm 

REVISIO NS . 

Terrain Terrain 
Unit Unit 

Symbol Name 

Bxu 
Unwea thered , 
consol idated 
bedrock 

c Colluvial dep.osits 

Cl Lands lid e 

Cs-f Solifluction 
d eposit s (fro zen) 

Ffg Granular alluvi o~ l 

f • n 

Fp Floodpl•in 
depos its 

Fpt Terrae .. 

GFa Outwash d eposits 

GFe Es ker c..leposit!O 

GFk Kame d epos its 

Gta Ab l ~tt ion Jill 

Gtb-f Aasal till ( frozen ) 

0 Organic deposits 

L-f Lacustrines 
( frozen ) 

L Lacustrine 

GtO 
sed iments ove r 
ablation till 

L Lacustr ine 
deposits over 

Gtb-f basal till (frozen ) 

Cs-f 
Solifluct ion 
deposits (frozen ) 

Gtb-f over baso11 t il l 
( frozen) 

Cs-f 
Solifluction 
deposits ( frozen ) 

GIO over ablat io n 
till 

Solifluction 
Cs-f depos its ( frozen ) 

FPI sed iments 

Cs-f Solifluction 

Bxu 
deposits {froz en ) 
over bed rock 

Gtb-f Frozen basal till 

tlXU ov er bearock 

Ablation t ill 

~ weathered 
bee rock 

Colluv ium over 

"lfxu+Bxu 
bedrock and 
bed rock 
exposures 

Colluvium over 

EEw+sxw 
weathered or 
poorl y consoli-
dated bedrock 

L J .11-----------i 
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NOTES 
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APPENDIX K 

RESERVOIR SLOPE STABILITY 

1 - INTRODUCTION 

1.1 -General 

Impounding of the Susitna River valley and its tributaries will influ­
ence the slope stability of both the Devil Canyon and Watana Reser­
voirs. Currently on the slopes above river elevation there is evidence 
of shallow landslides and discontinuous permafrost. Impounding of 
water will result in raising the groundwater table and thawing the per­
mafrost which will likely cause slope instability and failures within 
certain areas of the reservoirs. 

Because of the complexity and uncertainties of analyzing slope stabili­
ties in a thawing permafrost environment, a "best estimate" has been 
made in this study to identify those areas in the reservoir that may be 
subject to future beaching, erosion, and slope failures. 

The following sections discuss slope stability as it relates to the 
Watana and Devil Canyon reservoirs. Section 2 briefly discusses the 
type and causes for slope instability while Section 3 and 4 evaluate 
the type of instability that may occur after impoundment at Watana and 
De vi 1 Canyon. The 1 ast two sections provide a summary and conclusions 
with recommendations • 

2 - TYPES AND CAUSES OF SLOPE INSTABILITY 

2.1 - General 

Shoreline erosions will occur as a result of two geologic process: (1) 
beaching and (2) mass movements. The types of mass movement encoun­
tered in a permafrost terrain and which are pertinent to this study are 
described below (4,5,12): 

(a) Bimodal Flow- A slide that consists of a steep headwall contain­
ing ice or ice-rich sediment, which retreats in a retrogressive 
fashion through melting forming a debris flow which slides down 
the face of the headwall to its base. 

(b) Block Slide- Movement of a large block that has moved out and 
down with varying degrees of back tilting, most often along a pre­
existing plane of weakness such as bedding, joints, and faults • 

(c) Flows - A broad type of movement that exhibits the characteristics 
of a viscous fluid in its downslope motion. 
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(d) Multiple Regressive Flow - Forms a series of arcuate, concave 
downslope ridges as it retains some portion of the prefailure 
relief. 

(e) Multiple Retrogressive Flow/Slide - Series of arcuate blocks con­
cave towards the toe that step backward higher and higher towards 
the headwa 11. 

(f) Rotational Slides- A landslide in which shearing takes place on a 
well defined, curved shear surface, concave upward in cross sec­
tion, producing a backward rotation in the displaced mass. 

(g) Skin Flows - The detachment of a thin veneer of vegetation and 
mineral soil with subsequent movement over a planar, inclined sur­
face, usually indicative of thawing fine-grained overburden over 
permafrost. 

(h) Slides - Landslides exhibiting a more coherent displacement; a 
greater appearance of rigid-body motion. 

(i) Solifluction Flow- Ground movements restricted to the active lay­
er and generally requires fine-grained soils caused by melting and 
saturated soils. 

Aside from the formation of beaches due to erosion, instability along 
the reservoir slopes can result from two principal causes: a change in 
the groundwater regime and the thawing of permafrost. Beach erosion 
can give rise to general instability through the sloughing or failure 
of an oversteepened backslope, thereby enlarging the beach area. 

2.2 - Changes in Groundwater Regime 

As a reservoir fills, the groundwater table in the adjacent slope also 
rises as shown in Figure 2.1. This may result in a previously stable 
slope above the groundwater table to become unstable due to increased 
pore pressures and seepage acting on the slope. The slope shown in 
Figure 2.1, whether in soil or rock, is less stable after filling than 
it was prior to the existence of the reservoir. This is not to say 
that this slope will necessarily fail, since failure is dependent on 
the strength parameters of the soil or the rock. 

Rapid drawdown of a reservoir may also result in increased instability 
of susceptible slopes. 

2.3- Thawing of Permafrost 

The instability of thawing slopes in permafrost is addressed by 
McRoberts and Morgenstern ( 4). They indicate that the characteristic 
features of solifluction slopes, skin flows and the lobes of bimodul 
flows are caused by instability on low angle slopes resulting from 
thawing of permafrost. Mobility is often substantial and rapid as the 
movements are generally distributed throughout the mass. 
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2.4 - Stability During Earthquakes 

There are certain conditions which can exist after reservoir filling 
which will cause slides to occur during earthquakes. This section will 
address only those situations which may exist after reservoir filling 
in which slopes are more susceptible to sliding under earthquake load­
ing than they are in their present condition. 

Submerged slopes in granular materials, particularly uniform fine 
sands, may be susceptible to liquefaction during earthquakes. This is 
one example where a small slide could occur below the reservoir level. 
In addition, areas above the reservoir rim in which the groundwater 
table has re-established itself could have a greater potential for 
sliding during an earthquake due to the increased pore water pres­
sures. 

Thawing permafrost could generate excess pore pressures in some soils. 
In cases where this situation exists in liquefiable soils, small slides 
on flat lying slopes could occur. The existence of fine-grained sands, 
coarse silts and other liquefaction susceptible material is not exten­
sive in the reservoir areas. Therefore, it is considered that the ex­
tent of failures due to liquefaction during earthquakes will be small 
and primarily limited to areas of permafrost thaw. Some slides could 
occur above the reservoir level in previously unfrozen soils due to the 
earthquake shaking. 

2.5- Slope Stability Models for Watana and Devil Canyon Reservoirs 

Following a detailed evaluation of the Watana and Devil Canyon reser­
voir geology, four general slope stability models were defined for this 
study. These models are shown in Figures 2.2 and 2.3 and consist of 
several types of beaching, flows and slides that could occur in the 
reservoir during and after impoundment. Based on aeri a 1 photo inter­
pretation and limited field reconnaissance, potentially unstable slopes 
in the reservoir were classified by one or more of these models as to 
the type of failure that may occur in specific areas. In addition to 
identifying potential slope instability models around the reservoir, 
attempts were made to delineate areas of existing slope failures, and 
permafrost regions. These maps are shown in Figures 2.4 through 2.28. 
Table K.l provides a summary of soil types as they relate to the type 
of slope instability. As stated above, these maps have been construct­
ed using photo interpretation and limited field reconnaissance and are 
intended to be preliminary and subject to verification in subsequent 
studies. 

3 - DEVIL CANYON RESERVOIR 

3.1 - Surficial and Bedrock Geology 

The topography in and around the Devil Canyon reservoir is bedrock con­
trolled. Overburden is thin to absent, except in the upper reaches of 
the proposed reservoir where alluvial deposits cover the valley floor. 

K-3 



A large intrusive plutonic body composed predominantly of biotite gran­
odiorite with local areas of quartz diorite and diorite, underlies most 
of the reservoir and adjacent slopes. The rock is light gray to pink, 
medium grained and composed of quartz, feldspar, biotite and horn­
blende. The most common mafic mineral is biotite. Where weathered, 
the rock has a light yellow-gray or pinkish yellow-gray color, except 
where it is highly oxidized and iron stained. The granodiorite is gen­
erally massive, competent, and hard with the exception of the rock ex­
posed on the upland north of the Susitna River where the biotite grano­
diorite has been badly decomposed as a result of mechanical weather­
; ng. 

The other principal rock types in the reservoir area are the argillite 
and graywacke, which are exposed at the Devil Canyon damsite. The ar­
gillite has been intruded by the massive granodiorite and as a result, 
large isolated roof pendants of argillite and graywacke are found 
locally throughout the reservior and surrounding areas. The argillite/ 
graywacke varies locally to a phyllite of low metamorphic grade, with 
possible isolated schist outcrops. 

The rock has been isoclinally folded into steeply dipping structures 
which generally strike northeast-southwest. The contact between the 
argillite and the biotite granodiorite crosses the Susitna River just 
upstream of the Devil Canyon damsite. It is non-conformable and is 
characterized by an aphanitic texture with a wide chilled zone. The 
trend of the contact is roughly northeast-southwest where it crosses 
the river. Several large outcrops of the argillite completely sur­
rounded by the biotite granodiorite are found within the Devi 1 Creek 
area. 

A general discussion of the regional geology is presented in Section 
4.1 of the main text. 

3.2 - Slope Stability and Erosion 

The Devil Canyon reservoir will be entirely confined within the walls 
of the present river valley. This reservoir will be a narrow and deep 
with minimal seasonal drawdown. From Devil Canyon Creek downstream to 
the damsite, the slopes of the reservoir and its shoreline consist 
primarily of bedrock with localized areas of thin vaneer of colluvium 
or till. Upstream of Devil Canyon Creek, the s 1 opes of the reservoir 
are covered with increasing amounts of unconsolidated materials, espe­
cially on the south abutment. These materials are principally basal 
tills, coarse-grained floodplain deposits, and alluvial fan deposits 
(see Appendix J). 

Existing slope failures in this area of the Susitna River, as defined 
by photogrammetry and limited field reconnaissance, are skin and bi­
modal flows in soil and block slides and rotational slides in rock. 
The basal tills are the primary materials susceptible to mass move­
ments. On the south abutment there is a possibility of sporadic perma­
frost existing within the delineated areas. Upstream of this area 
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the basal till is nearly continuously frozen as evidenced by field in­
formation in Borrow Area H. 

Downstream of the Devil Creek area, instability is largely reserved to 
small rock falls. Beaching will be the primary process acting on the 
shoreline in this area (Figures 3.1 and 3.2). Although this area is 
mapped as a basal till, the material is coarser grained than that which 
is found in the Watana Reservoir and is therefore more susceptible to 
beaching. 

In areas where the shore 1 i ne will be in contact with steep bedrock 
cliffs, the fluctuation of the reservoir may contribute to rockfalls. 
Fluctuation of the reservoir and therefore the groundwater table, ac­
companied by seasonal freezing and thawing, will encourage frost heav­
ing as an erosive agent to accelerate degradation of the slope and 
beaching. These rock falls will be limited in extent and will not have 
the capacity to produce a large wave which could affect dam stability. 
In Devil Creek, a potential small block slide may occur after reservoir 
or dam. 

Above Devil Creek up to about river mile 180, beaching will be the most 
common erosive agent. Present slope instability above reservoir normal 
pool level will continue to occur, with primary beaching occurring at 
the shoreline. At approximate river mile 175, there is an o 1 d 1 and­
slide on the south abutment. This large rotational slide is composed 
of basal till which, for the most part, is frozen. A large bimodal 
flow exists within this block headed by a large block of ground ice. 
Yearly ablation of the ice results in flowage of saturated material 
downslope. The landslide has an arcuate back scarp which has become 
completely vegetated since its last movement. However, this landslide, 
which has an estimated volume of 3.4 mcy, could possibly be reactivated 
due to continued thawing or change in the groundwater regime brought 
about with reservoir filling. 

Since the maximum pool elevation extends only to the toe of this slide, 
it is unlikely that a large catastrophic slide could result from normal 
reservoir impoundment (See Figure 3.3). However, potential for an 
earthquake-induced landslide is possible. A mass slide in this area 
could result in temporary blockage of river flow. 

The distance from the dam, the meandering of the river valley, and the 
shallow depth of the reservoir in this area makes the potential of a 
wave induced by a massive landslide that could affect the dam stability 
very remote. 

In general, the following conclusions can be drawn about the slope con­
ditions of the Devil Canyon Reservoir after impoundment: 

-Minimal drawdown of the reservoir is conducive to stable slope condi­
tions. 
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-The lack of significant depths of unconsolidated materials along the 
1 ower slopes of the reservoir and the existence of stable bedrock 
conditions is indicative of stable slope conditions after reservoir 
impounding. 

- An old large landslide in the upper reservoir has the potential for 
instability, which, if failed, could conceivably create a temporary 
blockage of the river in this area. 

The probability of a 1 andsl ide-induced wave in the reservoir over­
topping the dam is remote. 

4 - WATANA RESERVOIR 

4.1- General 

Preliminary reconnaissance mapping of the Watana Reservoir was perform­
ed during this study and principal rock types and general types of sur­
ficial material were identified. 

The topography of the Watana Reservoir and adjacent slopes is charac­
terized by a narrow V-shaped stream-cut valley superimposed on a broad 
U-shaped glacial valley. Surficial deposits mask much of the bedrock 
in the area, especially in the 1 ower and uppermost reaches of the 
reservoir. A surficial geology map of the reservoir, prepared by the 
COE, and airphoto interpretation performed during this study {Appendix 
J), identifies tills, lacustrine and alluvial deposits, as well as pre­
dominant rock types {11). 

4.2 - Surficial Deposits 

Generally, the lower section of the Watana Reservoir and adjacent 
slopes are covered by a vaneer of glacial till and lacustrine deposits. 
Two main types of till have been identified in this area; ablation and 
basal tills. The basal till is predominately over-consolidated, with a 
fine-grain matrix (more silt and clay) and low permeability. The abla­
tion till has less fines and a somewhat higher permeability. Lacus­
trine deposits consist primarily of poorly-graded fine sands and silts 
with lesser amounts of gravel and clay, and exhibits a crude stratifi­
cation. 

On the south side of the Susitna River, the Fog Lake area is character­
istic of a fluted ground moraine surface. Upstream in the Watana Creek 
area, glaciolacustrine material forms a broad, flat plain which mantles 
the underlying glacial till and the partially lithified Tertiary sedi­
ments. Significant alluvial and outwash deposits exist in the river 
valley. Ice disintegration features such as kames and eskers have been 
observed adjacent to the river valley. 
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Permafrost exists in the area, as evidenced by ground ice, patterned 
ground stone nets and slumping of the glacial till overlying perma­
frost. Numerous slumps have been identified in the Watana Reservoir 
area, especially in sediments comprised of basal till. Additional 
details regarding this subject will be given in subsequent sections. 
In addition, numerous areas of frozen alluvium and interstitial ice 
crystals have been observed in outcrops and identified from drill hole 
drive samples. 

4.3 - Bedrock Geology 

As discussed in Section 6 (Main Report), the Watana damsite is under­
lain by a diorite pluton. Approximately three miles upstream of the 
Watana dams ite, a non-conformable contact between argi 11 i te and the 
dioritic pluton crosses the Susitna River. An approximate location of 
this contact has also been delineated on Fog Creek, four miles to the 
south of the dams it e. Just downstream of the confluence of Watana 
Creek and the Susitna River, the bedrock consists of semi-consolidated, 
Tertiary sediments (8) and volcanics of Triassic age. These Triassic 
volcanics consist of metavolcaniclastic rocks and marble (3). From 
just upstream of Watana Creek to Jay Creek, the rock consists of a 
met avo 1 canogeni c sequence dominantly composed of metamorphosed flows 
and tuffs of basaltic to andesitic composition. From Jay Creek to just 
downstream of the Oshetna River, the reservoir is underlain by a meta­
morphic terrain of amphibolite and minor amounts of greenschist and 
foliated diorite. To the east of the Oshetna River, glacial deposits 
are predominant. 

The main structural feature within the Watana Reservoir is the Talkeet­
na Thrust fault, which trends northeast-southwest (3) and crosses the 
Susitna River approximately eight miles upstream of the Watana damsite 
(Figure 4.1 -Main Text). Csejtey and others (2) have interpreted this 
to have a southeast dip, while Turner and Smith (10) suggest a north­
west dip. The southwest end of the fault is overlain by unfaulted 
Tertiary vo 1 cani cs (2). A detailed discussion of this fault is pre­
sented in Woodward-Clyde Consultant's Task 4 Report. A general discus­
sion of regional geology is presented in Section 4 of the main text. 

4.4- Slope Stability and Erosion 

Most of the slopes within the reservoir are composed of unconsolidated 
materials. As a generalization, permafrost is nearly continuous in the 
basal tills and sporatic to continuous in the lacustrine deposits. In 
Figures 2.12 through 2.28, the distribution of permafrost has been de­
lineated primarily on the flatter slopes below elevation 2300 feet. 
Inclined slopes may be underlain by permafrost, but based,on photogra­
metric characteristics, the active layer is much thicker indicating 
that permafrost soils are thawing, and/or that permafrost does not 
exist. Existing slope instability within the reservoir (as defined by 
aerial photographic interpretation (Appendix J) and limited field re­
connaissance), indicate that the types of mass movement are primarily 
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solifluction, skin flows, bimodal flows, and small rotational slides. 
These types of failure occur predominantly in the basal till or areas 
where the basal till is overlain by lacustrine deposits (Appendix J). 
In some cases, solifluction, which originated in the basal till has 
proceeded downslope over some of the floodplain terraces. 

Three major factors which will contribute significantly to slope in­
stability in the Watana Reservoir are changes in the groundwater 
regime, large seasonal fluctuation of the reservoir level (estimated at 
60 feet), and thawing of permafrost. These factors were analyzed to 
determine their effects on typical conditions in the reservoir. From 
this, four basic models of shoreline conditions were developed (Figures 
2.2 and 2.3). The two processes affecting the shoreline of the reser­
voirs are beaching and slope stability. These models were applied to 
selected reaches of the reservoir shoreline and evaluated for condi­
tions at or near normal pool levels. It should be noted that the slope 
stability of the Watana Reservoir was evaluated for the "worst" case 
which considered the maximum and minimum pool levels. In cases where 
sliding will occur, it will not be uncommon for some flows or possibly 
beaching to occur over the same reach. Slope instability during and 
after reservoir impounding will be addressed below. 

It is estimated that filling of the reservoir to normal pool level will 
take approximately three years. Due to the relatively slow rate of 
impounding, the potential for slope instability occurring during flood­
ing of the reservoir will be minimal and confined to shallow surface 
flows and possibly some sliding. Slopes will be more susceptible to 
s 1 ope instability after impoundment when thawing of the permafrost 
soils occurs and the groundwater regime has reestablished itself in the 
frozen soi 1 s. 

Near the dams i te, assuming that the present contours wi 11 remain un­
changed, the north abutment wi 11 primarily be subject to beaching 
except for some small flows and slides, which may occur adjacent to 
Deadman Creek. On the south abutment, thawing of the frozen basal 
tills will result in numerous skin and bimodal flows. There is also a 
potential for small rotational sliding to occur primarily opposite 
Deadman Creek. 

On the south abutment between the Watana dams ite and Vee Canyon, the 
shoreline of the reservoir has a high potential for flows and shallow 
rotational slides (Figures 4.1 and 4.2). In contrast to the north 
abutment, the shoreline is almost exclusively in contact with frozen 
basal tills, overburden is relatively thick, and steeper slopes are 
present. Thermal erosion, resulting from the erosion and thawing of 
the ice-rich fine grained soils, will be the key factor influencing 
their stability. On the north abutment below Vee Canyon and on both 
abutments upstream of Vee Canyon, the geological and topographic condi­
tions are more variable and therefore have a potential for varying 
slope conditions. In the Watana Creek drainage area, there is a thick 
sequence of lacustrine material overlying the basal till (Figure 4.3). 
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Unlike the till, it appears that the lacustrine material is largely un­
frozen. All four types of slope instability could develop here, de­
pending on where the seasona 1 drawdown zone is in contact with the 
aforementioned stratigraphy. In addition, slope instability resulting 
from potential liquefaction of the lacustrine material during earth­
quakes may occur. Over a 11, s 1 opes on the north abutment, in contrast 
with the south abutment, are 1 ess steep and slightly better drained, 
which may be indicative of less continuous permafrost and/or slightly 
coarse material at the surface with a deeper active layer. 

In general, the potential for beaching is high due to: (a) the wide 
seasonal drawdown zone that wi 11 be in contact with a thin vaneer of 
colluvium over bedrock; and, (b) the large areas around the reservoir 
with low slopes (Figure 4.4). In the Oshetna-Goose Creeks area, there 
is a thick sequence of lacustrine material. Permafrost appears to be 
nearly continuous in this area based on the presence of unsorted 
polygonal ground and potential thermokarst activity around some of the 
many small ponds (thaw lakes/kettles). The reservoir in this area will 
be primarily confined within the floodplain and therefore little 
modification of the slopes is expected. Where the slopes are steep, 
there could be some thermal niche erosion resulting in small rotational 
slides. 

The potential for a large block slide occurring, and generating a wave 
which could overtop the dam is very remote. For this to occur, a very 
high, steep slope with a potentially unstable block of large volume 
would need to exist adjacent to the reservoir. This condition was not 
observed within the 1 imits of the reservoir. In approximately the 
first 16 miles upstream of the dam, the shoreline will be in contact 
with the low slopes of the broad U-shaped valley. Between 16 and 30 
miles upstream of the dam, no potentially large landslides were 
observed. Beyond 30 mi 1 es upstream, the reservoir begins to meander 
and narrows, therefore any wave induced in this area by a large land­
slide would, in all likelihood, dissipate prior to reaching the dam. 

In general, the following conclusions can be drawn about the slope con­
ditions of the Watana reservoir after impounding: 

-The principal factors influencing slope instability are the large 
seasonal drawdown of the reservoir and the thawing of permafrost 
soils. Other factors are the change in the groundwater regime, the 
steepness of the s 1 opes, coarseness of the materia 1, therma 1 toe 
erosion, and the fetch available to generate wave action; 

The potentia 1 for beaching is much greater on the north abutment of 
the reservoir; 

A large portion of the reservoir slopes are susceptible to shallow 
slides, mainly skin and bimodal flows, and shallow rotational 
slides; 
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-The potential for a large block slide which might generate a wave 
that could overtop the dam is remote; and 

-The period in which restabilization of the slopes adjacent to the 
reservoir will occur is largely unknown. 

In general, most of the reservoir slopes will be totally submerged. 
Areas where the filling is above the break in slope will exhibit less 
stability problems than those in which the reservoir is at an interme­
diate or low level. Flow slides induced by thawing permafrost can be 
expected to occur over very flat-lying surfaces. 

5 -·suMMARY 

Some amount of slope instability will be generated in the Watana and 
Devil Canyon reservoirs due to reservoir filling. These areas will 
primarily be in locations where the water level will be at an interme­
diate level relative to the valley depth. 

Slope failure will be more common in the Watana reservoir due to the 
existence of permafrost soil throughout the reservoir. The Devil Can­
yon reservoir is generally in more stable rock and the relatively thin 
overburden is unfrozen in the reach of the river upstream from the 
dam. 

Although skin flows, minor slides and beaching will be common in parts 
of the reservoirs, it will present only a visual concern and poses no 
threat to the project. Many areas in which sliding does occur wi 11 
stabilize into beaches with a steep backslope. 

Tree root systems left from reservoir clearing will tend to hold shal­
low surface slides and in cases where permafrost exists may have a 
stabilizing influence since the mat will hold the soil in place until 
excess pore pressure have dissipated. 

6 - RECOMMENDATIONS 

It is recommended that typical slope conditions outlined in this report 
be further investigated during subsequent phases of the project in 
order to determine: 

-The magnitude of the potential for instability at a given location; 
and 

- Whether beaching or sliding will exist at major migrating herd cross­
; ng sites. 
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This investigation should include drilling, instrumentation and labora­
tory analysis to confirm the findings in this study. Since only one 
significant existing landslide has been identified in this study, it is 
also recommended that further study be directed to this site to deter­
mine the potential for future sliding in this area. 
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TABLE K.1: CHARACTERISTICS OF SLOPE MATERIALS 

Unit 

Bedrock 

Colluvium, over 
bedrock and bedrock 
exposures 

Floodplain 

Floodplain Terraces 

Granular Alluvial Fan 

Kame Deposits 

Lacustrine 

Basal Till 

Ablation Till 

Ablation till over 
unweathered layer 

Terrain Unit 
Symbol* 

Bxu 

C + Bxu 
Bxu 

Fp 

Fpt 

Ffg 

GFK 

L 

Gtb-f 

Gta 

Gta 
"BrU 

Material 

Consolidated bedrock 

Angular blocks of rock with some 
sand and silt overlying bedrock 

Rounded cobbles, gravel and sand 
sorted and layered with or without 
silt cover 

Rounded cobbles, gravel and sand 
with some silt covered by thin silt 
layers. Sorted, layered 

Rounded cobbles, gravel, with sand 
and some silt. Some sorting and 
layering of materials 

Rounded and striated cobbles and 
sand. Crudely sorted and layered 

Fine sand to sandy silt with 
occasional pebbles. Sorted and 
layered 

Gravelly silty sand and gravelly, 
sandy silt cobbles and boulders 
poorly rounded and striated. No 
layering, poorly graded 

Rounded and striated cobbles, 
gravel and sand, no layering, well 
graded. Boulder and cobble, lag 
covers surface 

Rounded and striated cobbles, 
gravel and sand, no layering, well 
graded over bedrock 

*See Appendix J for mapped terrain unit symbols. 
**I, II, III, IV -refer to Figures 2.2 and 2.3. 

Permafrost 
Conditions 

unfrozen 

unfrozen 

unfrozen 

unfrozen 

unfrozen 

unfrozen 

unfrozen 
frozen 

frozen 

unfrozen 

frozen 

unfrozen 

r r r r f 

Slope Condit 10ns 
Current Slope After Reservoir Filling 
Stability Low Steep 

stable Beaching (I)** 

stable Beaching (I) 

stable Beaching 

stable Beaching (I) 

stables Beaching (I) 

stable Beaching (I) 

stable Beaching (I) Sliding (III) 
stable Flows (II) Sliding (IV) 

unstetJle Flows (II) Sliding (IV) 

stable Beaching (I) Sliding (IV) 

stable Flow (II) Sliding (IV) 

stable Beaching (I ) 
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Line No. 

81-5 

81-6 

81-7 

81-8 

81-9 

81-10 

81-11 

81-12 

81-13 

81-14 

81-15 & 15X 

81-16 

81-17 

81-18 

81-19 

81-20 

81-21 

81-22 

81-FL-1 

to 

81-FL-48 

R & M 
Survey No. 

81-5 

81-6 

81-7 

81-8 

81-9 

81-10 

81-11 

81-12 

80-lX 

80-2X 

BH-11 

16-81 

QSB 

QSB 

SW-lX 

BH-12 

17 

Fog Lakes 

Location 
Figure 

2 

2 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

1 & 2 

Profile 
Figure 

5 

6 

6 

7 

7 

8 

8 

9 

10 

11 

12 

12 

13 

13 

14 

15 

15 

16 

17 - 23 

TABLE 1 (Continued) 

Time-Distance 
Plot Figure 

A-1 

A-1 

A-2 

A-2 

A-2 

A-3 

A-3 

A-3 

B-1 

B-2 

B-3 

B-3 

B-4 

B-4 

B-5 

B-6 

B-6 

B-6 

Cl - C7 

Line 
Length 

(ft) 

450 

450 

3,200 

2,500 

2,000 

2,100 

2,800 

2,000 

3,200 

3,300 

2,100 

2,200 

1,100 

2,200 

1,100 

1,600 

1,850 

1,500 

28,800 

Number of 
Segments/Shots 

1/3 

1/2 

3/9 

3/6 

2/6 

2/6 

3/9 

2/7 

3/10 

3/5 

4/11 

2/8 

1/5 

2/10 

1/6 

5/11 

5/19 

3/6 

48/138 

Comments 

Run Over River Ice, 0.5 Miles Upstream from 

Proposed Watana Dam Centerline. 

Run Over River Ice, 0.1 Miles Upstream from 

Proposed Watana Dam Centerline. 

Run Over River Ice, 4.0 Miles Downstream from 

Proposed Watana Dam Centerline. 

Run Over River Ice, 5.2 Miles Downstream from 

Proposed Watana Dam Centerline. 

Run Over River Ice, 7.3 Miles Downstream from 

Proposed Watana Dam Centerline. 

Run Over River Ice, 8.2 Miles Downstream from 

Proposed Watana Dam Centerline. 

Run Over River Ice, 9.3 Miles Downstream from 

Proposed Watana Dam Centerline. 

Run Over River Ice, 10.1 Miles Downstream from 

Proposed Watana Dam Centerline. 

Watana Relict Channel Area--Extends 80-1 to NE 

Watana Relict Channel Area--Extends 80-2 to NE--

North Extension Not Surveyed 

Watana Rt Abutment--Fins Area 

Watana Relict Channel Area 

Watana Relict Channel Area--Not Surveyed 

Watana Relict Channel Area--N of Quarry 

Source B 

Watana Relict Channel Area--N of Quarry 

Source B 

Watana Left Abutment--Extends SW-1 East 
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GRAIN SIZE ANALYSIS DATA 

I 
80+00 

LABORATORY AND FIELD ESTIMATED GRAIN SIZE DATA, FOR EACH 
SOIL STRATA, HAVE BEEN PLOTTED ON THE ADJACENT TRIANGULAR 
DIAGRAMS. INDIVIDUAL SAMPLES APPEAR AS SMA LL niANGLES 
AND THE DASHED Ll NE AREAS ARE USED TO ESTIMATE THE RANGE 

I 
70+00 

OF TEXTURES THAT MAY OCCUR WITHIN EACH STRATA. THE DIAGRAM 
PROVIDES A BASIS FOR GROOPING THE SOI LS AND REVEALS THE 
SIGNIFICANCE OF ~I FFERENCES BETWEEN GROUPS. 

AS THE ENERGY OF THE FLUVIAL ENVIRONMENT DECRIASES <FRO!\ 
A RIVERBED TO OVERBANK DEPOSITION> THE SOILS IOLLOW A "W" 
SHAPED PATTERN, INITIATED BY A ~ECREASE IN THE COBBLE 
CONTENT AND AN INCREASE IN GRAVEL. CONTitiUED DECREASES I~ 
TilE ENERGY OF THE DEPOSITIQriAL ENVIRONMENT CAUSES, I~-TURN, 
A RELATIVE DECREASE IN THE GRAVEL CONTENT. THEil THE SAND 
CONTENT AND INCREASES IN THE SILT CONTENT. OUR I NG AND 
AFT~R THE DEPOSIT! ON OF THE SANDY AND SILTY OVERBANK 
DEPOSITS, ORGAN IC MATERIALS ACCUMULATE IN SURFICIAL LAYERS 
OF THC MINERAL SOILS AND AS AN ORGANIC MAT. 

I 
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EXPLORATORY TRENCH NO. TT-G2 
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& SAMPLE LOCATIOiiS & SAMPLE NUMBER 

0 BOULDER 

...----- STRATA CONTACT 

~ GRADATIOIIAL ST:t~TA CONTACT 

-- CONTACT BETliEEN UNDISTURBED 
STRATA AND DISTURBED <FAILING> 
TRENCH WALL-DOES NOT CORRESPOND 
TO A STRATA CHANG E. 
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-5 

I 
20+00 

I 
10+00 0+00 

I 
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DESCRIPTION 

ORGANIC MAT <Prl. BLACK TO DARK BROWN PARTIALLY 
DECO,~POSED AND U~DECOMPOSED VEGETATIVE MATTER; 
COMPARABLE TO THE "0" SOIL HORIZON. 

ORGANIC SILT <OU. RUSTY BROWN SILT CONTAINI:IG THE 
EXTENSIVE ROOT SYSTEM OF T:~E SURFACE BRUSH; CIJ'I­
PARABLE TO THE "B" SOIL HORIZON. 

SILT WITH SOME SAND AND SANDY SILT <MU. INTER-
LAYERED (\i" TO 3" LAYERS> WITII BROWN OVERBANK 
(FLOODPLAIN COVER) ALLUVIAL DEPOSITS. 

SAND <SPl. VERY WELL SORTED, GRAY, SA tiD LENSES 
OCCURRING WITH THE SILTS OF STRATA C. 

ORGAiHC SILTY SAND <SMl. SLIGHTLY !'ORE COARSE-
GRA!iiED EQUI VALENT OF STRATA B, CONTA!tll:iG A ROOT 
SYSTEM; COMPARABLE TO THE "B" SOIL HORIZON. 

SAND WITH SOME SILT <SMl. BROWN, SLIGHTLY ~'KlRE 
COARSE-GRAINED EQUIVALENT OF STRATA C, AND OVERBANK 
FLUVI AL DEPOSIT OF THE SUSTTNA AND CHEECHAKO STREAM 
SYSTE.~S. 

SANDY GRAVEL <GP-GWl. BROWN TO GRAY SAIIDY AIID 
GRAVELLY FLUVIAL DEPOSITS, PROBABLY GRADATIONAL 
BETI.'EEN THE RIVERBED AND OVERBAtiK DEPOSITS OF THE 
SUS ITilA AtiD CHEECHAKO STREAM SYSTEMS. 

SANDY GRAVEL WITH SCATTERED TO ~UI'EROUS COBBLES Alf!l 
SCATTE~ED BOOL.Il£RS <GP, GW, SP, SWl, VERY COARSE­
GRAINED <UP TO ABOUT 50% COBBLES AND BOULDERSl HVER­
BED AND/OR ALLUVIAL FAN DEPOSITS OF THE SUSITIIA AND 
CH EECHAKO STREAM SYSTE.MS. 

SANDY GRAVEL AND GRAVELLY SAND WITH TRACE SILT AND 
NU/'IEROOS COBBLES AND SCATTERED BOULDERS <SW, SP, Gf', 
GWl, EXTREMELY COARSE GRAINED <OVER 60% COBBLES AND 
BOULDERS) RIVERBED AND/OR ALLUVIAL FAN DEPOSITS OF 
THE SUSITNA AND CHEECHAKO STREAM SYSTEM: SIMILAR 
TO STRATA 0. 

NOTES: 

1. REFEflE~CE ELEVATI:JNS FOR EACH TRENCH ARE ARBITRARY 
AND INDEPENDENT W. 0 FT. ELEVATION IN TT -Gl DOES 
NOT CORRESPOND TO THE 0. 0 FT. ELEVATION IN TT -G2l. 

2. THE UNIFIED SOIL CALL-OUTS ARE BASED ON THE 
MINUS 3-INCH FRACTION, AND WHERE APPROPRIATE 
ARE AUGMENTED BY DESCRIPTIONS <I. E. SCATTERED 
& NUMEROUS) OF THE PLUS 3-INCH FRACTION. THE 
TERM SCATTERED IS USED WHEN LESS THAN 40% OF 
THE SOIL IS COMPOSED OF COBBLES OR BOULDERS, 
WHILE NUMEROUS IS USED FOR COBBLE AND BOULDER 
CONCENTRATIONS ABOVE 40%. 

SCALE 
O~""'''III""'''IIIS!iiiii--10 FEET 

L 

~ ALASKA POWER AUTHORITY 

- SUSITNA HYDR OELECTRIC PROJECT 

I!XPLORATORV TR.NCH 
BI!OLOGIC-B.CTION. 

BORROW AR.A G 

o•VIL CANYON 
,.,.ENI'II!D IY • 

o.o.n JAN. 1982 
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