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INTRODUCTION Auke Creeks. Duck and Jordan Creeks on the eas te rn  

The Mendenhall Valley, about 10 miles northwest of 
the city of Juneau, is part  of the Greater  Juneau Bor- 
ough in southeast Alaska (Index map). Average yearly 
rainfall  measured at  the Juneau Airport i s  54.9 inches. 
Average temperature in  January i s  25°F. and in July 
56'F. The 20-mile square study a r e a  includes a low- 
lying glacial valley bordered by s teep mountain slopes 
and the narrow hilly Mendenhall Peninsula that extends 
2 miles  southward into the tidewater of Gastineau 
Channel. The peninsula i s  underlain by Bedrock, the 
valley by alluvial fill. The peninsula and valley a r e  
among the most  promising large a reas  available for 
future development in the borough. 

Residential a r e a s  a r e  rapidly developing in the valley 
and on the peninsula. The urban population of Juneau 
has remained at  approximately 7,000 since 1960; the 
r u r a l  population has increased from 1.900 in 1960 to 
5,100 in the spring of 1966. Most of this population 
growth has been in the Mendenhall Valley, which had 
a population of 2,940 in the spring of 1966. 

There  i s  no central  water-supply system in the val- 
ley. Water i s  obtainedfrom wells, f rom smal l  surface- 
catchment systems,  and from rain. One of the l a r g e r  
t r a c t  developments and severa l  of the t ra i l e r  parks in 
the a r e a  have installed ground-water supply systems.  

'I'he accelerated growth of the a r e a  has focused at- 
tention on the need for  information a s  to the location, 
development, and management of water resources.  
Presen t  water use  in the study a r e a  is estimated at  
882,000 gpd (gallons per  day), based on a 300 gpd per  
capita r a t e  in the city of Juneau. Projections based on 
the population growth r a t e  suggest that water use  in the 
study a r e a  may approach 1,500,000 gpd by 1970. 

This study i s  par t  of an overal l  cooperative investi- 
gation of the water resources  of the Greater  Juneau 
Borough. The Mendenhall Valley was chosen a s  a 
s tar t ing point in the study because of the part ic lar ly 
rapid growth of population and the consequent urgent 
need for water information. Fieldwork for  this report  
began in July 1965 and ended in May 1966, 
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AVAILABILITY O F  SURFACE W A T E R  

The main source of the Mendenhall River i s  melt  
water f rom Mendenhall Glacier.  Another source i s  
runoff f rom Nugget, Steep, and Montana Creeks.  A 
la rge  par t  of the streamflow in Nugget Creek is gla- 
c ial  melt  water f rom Nugget Creek Glacier.  Other 
s t r e a m s  in the valley a r e  Duck, Jordan, Lake, and 

side of the valley flow from steep forested mountains 
to the flat valley floor, discharging into Gastineau 
Channel. Lake Creek flows to Auke Lake from heavily 
tlmbered moderately rugged mountains on the west- 
e r n  valley slopes. Water f rom Auke Lake is dis- 
charged to Auke Bay through Auke Creek. 

Stream-gaging stations provided information for  
runoff hydrographs for Mendenhall Lake and Mon- 
tana, Lake, and Auke Creeks.  Hydrographs for Mon- 
tana and Lake Creeks a r e  shown on one graph to il- 
lustrate  the s imilar i ty  of the flow patterns of the two 
c reeks  due to s imilar  drainage basin character is t ics .  
l'he flows reac t  readily to rainfall, a s  can be seen  
by comparison of the rainfall  and streamrlow graphs. 
The effects of temperature and rainfall on s t r e a m -  
flow in the valley a r e  shown by graphs of monthly 
means of temperature and rainfall a t  the Juneau Air- 
port and monthly average flows on Auke Creek. The 
Mendenhall River i s  influenced primari ly  by the tem- 
perature patterns. 

Minimum flow from Mendenhall Lake, which is the 
most cr i t ical  factor in determining the adequacy of a 
surface-water supply, was 31 cfs  (cubic feet per  sec-  
ond) during the 1965-66 winter period. Nugget Creek 
and Montana Creek had, a t  a l l  observations, flows in 
excess  of 5 cfs; Duck, Jordan, Steep, Lake, and Auke 
Creeks had observed flows of l e s s  than 1.5 cfs. Most 
of the low flows occurred during the winter months. 
Very low flows have been reported on the smal le r  
s t r e a m s  during dry  summer  periods. 

Peak flows have often occurred during late  summer  
a s  a resul t  of heavy rains. The maximum known high 
water on Mendenhall River was in  la te  summer  1961, 
when the flow was approximately 27,000 cfs at the 
r iver  mouth, Excessive flows inthenonglacial s t r e a m s  
could occur  during the fall  to spring months when heavy 
rains  fall  on frozen ground. The runoff and response 
to temperature changes and rainfall  patterns can be 
seen on the s t r e a m  hydrographs, 

Average flow on Mendenhall River i s  estimated to 
be  1.000-cfs. Measurements taken at  the various s i t es  
on Montana Creek and Mendenhall River indicate that 
par t  of the flow in these s t r e a m s  is contributed from 
ground-water inflow during most of the year. 

Lakes.-The two la rge  lakes in  the valley a r e  Men- 
denhall and Auke. Mendenhall Lake, formed by Menden- 
hall Glacier,  has  a maximum depth of 200 feet  and 
covers  a surface a r e a  of about 1.12 square  miles. Its 
maximum volume is about 40,500 acre-feet and i s  
normally high in summer  and low in the winter. The 
water contains a l a rge  amount of glacial flour at  a l l  
t imes. Auke Lake, fed by Lake Creek,  had depths of 
a s  much a s  113 feet and avolumeof about 6.500 acre -  
feet. The lake elevation fluctuates only slightly, being 
normally higher in  the sprfng and summer  than in the 
winter. 
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Streamflow measurements in cubic feet per second 

Julv 29--- --90 I JUIY 29 .--- 94 I J U ~ Y  29 - - - - -  3170 I Aua. 2-.. ---0.691 A U ~ .  3.. .. ..11.1 1 ~ u n e  29 -...... 3.461 ~ u n e  30 ..... 8.52 

-- 
Site 7 

Date Discharge 
1965 

July 30 ...... 96.3 
Aug. 3 . ... 70 2 
Sept. X ) . . .  62.3 
Oct. 26.. .... 130 
Dee. 28 -15.1 

1966 
Feb. 7 .... 7.19 

Site 1 

Date Diwharge 
1965 

Aug.6.. -246 
Sept. 8.. .... 329 
Sept.25 2 3 7  
Oct. 27.. .. 480 
Dec. 30 . . . .. 16.6 

1966 
Feb. 25 ...... 14.8 
Apr. 5.. . . . . 27.8 
May 2. ... 93.24 
May 27.. .. ..50.2 
June 11 3W 

A- 

Site 8 
Date Discharge 

1465 

Site 10 
Date Discharge 

1965 

Site 9 
Date Discharge 

1966 

Aug.3 ....... 78.8 
Aug. 30. --a78 
s p t . 2 9  ..... 70.9 
Od. 26 . ..I56 
Nov. 23 ..... 15.4 
DM. 28. - - - 16.8 

1966 
Feb. 16--- - -  -3.70 
April 8 .... ..83.4 
Mav5.. ---399 
M& 26 .... ..92.6 1 ( ( 1 I ~i~ 4.. 38.4 I l a y  5 ....... 62.6 
June 8. ---ZL3 -. May 26 .-.... 14.5 May 26 --21.7 -- 

Site 2 
Date Discharge 

1965 
June 29. 1240 
July 30 ... ..3060 
Aug. 4 .- ..2180 
Aug. 30 -3230 
Oct. 1 .. . -1150 
Oct. 28.. .- 1930 
Dec.29 --.... 71.6 

1966 
Feb. 15 .... 31.1 
Mar. 30 - .. ..ZU) 

May 5.... 363 
May 25 .... 306 
June 9. -1740 

July 26 3 
AUK. N.-. ..165 
Sept. 28.. .. ..17.9 
Oct. 27 --..... 13.4 
Nov. 23. - .. ..-.. 68 
Dee. 28 --.. .. -..88 

1966 
Feb. 23 -3.35 
Mar. 30 --.... 35.4 
Apr. 11.-. .. -3.36 

QUALITY OF  W A T E R  
face water, ground water i s  of poor quality, .is mod- 

The chemical quality of water in Mendenhall Valley erately hard. and contains iron. The temperature of 

Site 11 
Date Dischqe 

1965 

Aug. 5 ...-.. 67 
Aug. 30.. - .... 8.34 
Sept.29.. ... 68.8 
Oct. 26 -.--__ 156 
Dec. 29. --17.7 

1966 
Feb. 16 ..-.. 5.92 
May 6. --213 
May 25 ---... 90.9 

July 23 ....... 1.72 
Aug. 31.. 114 
Sept. 28 ...... 16.1 
Oct. 27 -32.7 
Nov. 23 ... .... 1.31 

1966 
Jan. 1 .. .. ..2.11 
Feb. 23 ... .- ..2.60 
Mar. 28 .... 23.3 
Mar. 30 - --56.2 

varies  with source  and location. In general,  surface ground water  ranges from 42"F, to 5 2 ° ~ . ~ h e c h e m i c a l  
water is soft and of good chemical quality, but often properties of most  of the water in the a rea ,  a s  shown 
contains objectionable amounts of glacial silt .  Chem- on the table of selected chemical analyses of water 
ical  analyses of water from six s t r e a m s  a r e  shown samples, a r e  dominated by alkaline ear ths  and weak 
by diagrams to illustrate the quality of surface water acids except for t he  Mendenhall Peninsula a r e a  which 
in the valley (quality of water map). Comparedtosur- ,  has alkali carbonate water according to Piper  (1944). 

Site 3 
Date Dlseharge 

1965 
AUK. 6 - - - - - - -  4.69 
Aug 30 --40 
Sept. 25 ..... 8.11 
Oct 27.. - - - - 23 2 
Dee. 29.. . . 1.46 

1966 
Feb. 16 ..... 1.27 
Mar. 31. -5.50 
May 31 ...... 12.7 

Selected chemical analyses of water samples 

Site 12 
Date Di-e 

1965 

Aug. 2.. . 3360 
Aug. 30. .. ..5020 
Oct. 1.. . 1380 
Oct. 28 .. .. -2060 
Dee. 30.. --96.2 

1966 
Feb. 23 ....... 83.6 

- - 
Site 4 - 

Date D~scharge 
1965 

July 30 ... 2930 
Aug 4.. 2050 
Aug. 30 .... 3405 
Oct. 1 1220 
Oct. 28.. . ..XI00 
Dec. 29 ..... 77.3 

1966 
Feb. 15 ...... 32.3 
May 3 ...... 272.09 
May 25 289 

Site 15 
Date Discharge 

1965 
- 

Aug.30 - - - -  7.63 
Sept. 25.- - -  --3.56 
Oct. 27- ---8.88 
Dec. 30.- - -  - -  - .44 

1966 
Feb. IT-.. - -  --Dry 
Mar. 31--- 19 
May 27 - -  - - - -  6.19 

Wells which produce from sediments 

Site 5 
Date Discharge 

1965 
July 29 ... ..2760 
Aug 5..  . 2180 
AUK. 30 ..... .Xi00 
Oct. 1 . . ..I160 
Oct. 28.. . . -1960 
Dee. 29 ---. a . 3  

1966 
Feb. 16 -38.6 
Mar. 30 - - - -  267 
May 3 ......- 271 
May 26.. 326 

- 
Site 14 

Date Discharge 
1965 

Aug.30 - - - -  27.5 
Sept. 25.. . . . 4.86 
Oct. 27 -----. 23.8 
Dee. $0.. . 1.04 

1966 
Feb. 17.. ..2 
May 27 - - - -  16.4 

Wells which p d u c e  fmm b d m k  

Site 6 
Date Discharge 

1965 
July 29 --... 103 
Aug. 2 80 
Sept. 27 ._.... 46.9 
Oct. 26 ---... 125 
Dec. 28 - 28.4 

1966 
Feb. 7 - --7.78 
Mar. 28 - - - - - -  66.8 
Mar. 30 -.--- 110 
May 5 314 
May 26 -.---- 81.9 

5 
6 

31 
48 
44 

132 

Surface water 

8 
199 

Sept. 1, 1966 
Sept. 3, 1965 
Sept. 9, 1965 
Sept. 17,1965 
.-... do"----  
Sept. 8, 1965 

2.31 
.88 
.22 
.48 
.06 

2.19 

Jordan Creek (12) 
Lake Creek (13) 
Mendenhall R. 
MontanaCreek(6) 
Nugget Creek (1) 
Steep Creek (8) 

5.7 
1.2 
7.8 

22.0 
7.2 
6.5 

Sept. 3, 1 W  
&pt. 10,1965 

0.13 
.31 

49 
- -  

89 
- -  

12 
48 

80 
60 
43 
42 
89 
38 

14.0 
10.0 
21.0 
16.0 
29.0 
8.8 

6.9 
4.3 

Sept. 1, 1966 
- - -  --  &----- 

..&.-.. 
-----do----- 
Sept. 8,1966 

, Sept. 1, 1966 

12.0 
16.0 
3.8 
5.1 
9.4 

64.0 

3.4 
3.1 
2.0 
1.2 
2.7 
8.1 

131 
120 

0.8 
34.0 

- -  
- -  

- -  
- -  
- -  

--  

43 
49 
51 
46 
- -  

50 

262 
264 

2.1 
1.3 
.6 

2.9 
1 
1.8 

1 9  
11 
17 
19 
16 
21 

52 
49 

1.4 
120 

12 
0 
2.4 
6.8 
4.0 
8.4, 

0.68 
.18 
.MI 
.a' 
.15 

, .05, 

101 
106 
97 

120 
137 
274 

14 
24 

124 
45 

24.0 
8.8 

0.1 
.3 

0 
.1 
.1 
.1 

0.5 
3.4 
.6 
.7 

1.0 
.7 

9.6 
11.0 
.4.8 
9.1 

13.0 
66.0 

0.1 
.S 

0 
.2 
.2 

1.4 

28  
0 
3.5 
4.6 
1.8 
5.3 

5 
7 

0.8 
.5 
.4 

1.0 
.6 
.6 

4 
- 

1.1 
0 

8 0 
1 0 

119 
106 
106 
20( 
147 
818 

0 
0 
0.4 
0 
0 

, 0.4, 

84 1 
91 4 
68 0 
61 0 

106 0 
285 60 

188 
189 
161 
204 
233 
559 

0.1 
.7 

535 
428 

8 4  
3.8 
4 
.5 

1.4 
2 4  

36 
11 
8 

19 
15 
28 

329 
- 

8.8 
7.7 

7.1 
7.1 
7 
7.2 
7.3 
7.5 

5 
5 
5 
- 
- 

5 

0 
.4 
4 

1.4 
.4 
. 4 ,  

82 2 
14 5 
8 2 

4 
14 2 

, 24 1,  

0.1 
.1 
1 
.3 

0 
0 

77 
29 
18 
44 
33 
R3 

0 
0 
0 
0 
0 
.1 

87 
15 
12 
28 
16 

, 29 

6.6 
6.4 
6.5 
7.1 
6.8 
6.7 

5 
- 

5 
10 
5 
5 



Iron.-Relatively iron-free water enters  the valley 1 gpm (gallons per  minute) to a maximum to 20 gpm 
b y F e c i p i t a t i o n  and flow in s t reams .  The i ron con- and average about 3 gpm. 
tent increases slightly in the surface s t r e a m s  a s  the The of water in bedrock is determined 

passes the The iron 'Ontent by the fracture pattern because pr imary  porosity and 
greatly increases when water enters the ground and permeability a r e  absent. Some secondary f rac ture  
moves through the sediments. The map thedis"  p,,osity and permeability occur  in joints, faults,  and tribution of i ron in the ground water of the study a rea .  volcanic breccias and agglomerates. effect, the 
~n i ron content of more  than 0.3 PPm (parts  Per mil- openlnga in the rocks have been increased by com- lion) i s  considered unacceptable for domestic use by pression and uplift, 
U.S. Public Healthservice standards. Most of the water 
in the study a r e a  exceeds this limit andcauses staining 
of household fixtures. 

The amount of i ron taken into solution may be r e -  
lated to the amount of organic mater ial  in the sediments 
and possibly to the length of t ime during which the 
water has been moving through the subsurface rocks. 
Ground water obtained from the northeastern side of 
the valley contains l ess  iron than water f rom the con- 
t r a l  par t  of the valley. This absence of i ron content may 
be  related to the presence of moreporous and perme- 
able sands and l e s s  organic material.  Iron-free water 
entering the subsurface in this a r e a  moves rapidly 
through coarse  sands into silty, fine-grained flood- 
plain, estuarine, and marine sediments, which a r e  
l e s s  permeable and contain much organic material,  
which resul ts  in the i ron content increasing notice- 
ably. Water f rom bedrock that contains no organic 
mater ial  averages less  than 1 ppm iron, even though 
much of the bedrock i s  composedof iron-rich volcanic 
rocks. Organic mater ial  i s  present  in largequantities 
in  deltaic and bog deposits along the north shore of 
Auke Lake where i ron content of ground water is high 
in contrast to water f rom surrounding bedrock and 
f rom surface sources.  

Salt-water intrusion.-Salt o r  brackish water occurs  
in shallow estuarine deposits In par t s  of the south end 
of the Mendenhall Valley and i s  reported from deep 
wells in the central  par t  of the valley. Some of the 
sa l t  water may be connate o r  may have been left during 
deposition of the valley-filling sediments. Salt water 
also occurs  i n  the Mendenha11 River a s  fa r  north a s  
the mouth of Montana Creek,  the limit of the tidal ef- 
fects.  In the vicinity of tes t  wells M-5 and M-10, shown 
on the surficial geologic map, there  is some indication 

In locating new wells in bedrock, it  i s  necessary to 
d r i l l  into o r  intersect fractured o r  brecciated zones. 
These zones can more  easily be found and mapped if 
the following information i s  taken into consideration: 

1, Many bedrock fractures  follow bedding planes 
that \trend1 in \  a lnorthwestI direction) andldip 
40 to 60 degrees to the northeast.  

2. Zones of brecciated volcanica generally t rend 
northwestward with the bedding. 

Much of the bedrock a r e a  i s  overlainby a thin cover 
of glacial ti l l  that produces smal l  quantities of water.  
C a r e  must  be taken in the a r e a  to s e a l  the well casing 
from the surface to the bedrock inorder  to avoid con- 
tamination from iron-bearing ground water that col- 
lects  along the bedrock-till contact, 

Unconsolidated sediments.-Unconsolidated sedi- 
ments of s i l t ,  sand, and gravel  a r e  present  through- 
out Mendenhall Valley. Their  distribution i s  shown on 
the accompanying sheet on geology. These deposits 
a r e  recharged principally from Mendenhall Lake and 
from precipitation. A s  water moves into and from 
storage, the water table fluctuates showing the stage 
of s torage a t  any particular time. Water levels drop- 
ped in the 1965 summer  dry  period and during De- 
cember 1965 and January 1966. They began to r i s e  
in February and reached a maximum in ear ly  spring 
1966. The generalized water-level map shows an ap- 
proximation of the height of the s tat ic  water level 
above MLLW (mean lower low water) during 1965 for 
selected wells in the valley. Mean lower low water i s  
approximately 7 feet lower than mean s e a  level in  the 
Juneau area. The  water table slopes southwestward at  
an average gradient of about 15 feet per  m i l e  and 
ranees from 3 to 10 feet below the surface. 

that the sal t  content of ground water increases rapidly 
with depth. Wells along the western side of the Menden- The abundance of intermixed glacial s i l t  and clay 
hall Rlver south of the Glacier Highway have penetrated in the unconsolidated sediments of the valley generally 
~ - 1 4  ~ r r l t a r  causes lack of p e r m e a b i 1 i t y. Fine-grained s i l ty  
Y a * L  ..-I..,-. 

detr i tus  is commonly found in glacial sediments. The  
The occurence-of-water-and-ice map shows the permeability of sedimentary mater ials  bordering Men- 

approximate location of the salt-water-fresh-water denhall Lake and Mendenhall River i s  diminished by 
interface in the southern part  of the Mendenhall Valley. the deposition of glacial flour. As water flows into 
Although fresh water may occur  a s  lenses in the sur -  the sediments, much of the flour (clay and s i l t  par-  
ficial deposits, all  wells drilled south of th19 line a r e  ticles) is deposited along the water-sediment inter- 
likely to penetrate sal t  water a t  shallow depth. In- face, o r  is car r ied  a short  d i s t a n c e  into the void 
c reased  pumpina in this area,  particularly near  the soaces between sediment erains .  . . -  

airport ,  may cause the salt-water interface to move 
northward causing contamination o r  i n  c r e a s e in 
chloride content of water in  wells. 

AVAILABILITY OF GROUND WATER 

Ground water in the study a r e a  i s  obtained in Recent 
unconsolidated sediments and in bedrock fractures .  
Wells completed inunconsolidated sediments generally 
produce adequate quantities of water. The average bed- 
rock well will only supply enough water for  a single 
family. 

Water moves more  readily t h r o u g h deposits of 
coarse  well-sorted washedsands. Coarse  sands, which 
offer the best  possibility for developing la rge  supplies 
of ground water, a r e  in the northeastern part  of the 
valley. The area,  m a r k e d on the water-level map 
(loccurrence of water and ice  map) a s  favorable for  
large-capacity wells, appears to be underlain by r e -  
latively permeable medium to coarse  sands containing 
water of low iron content, Well 7 in this a r e a  supplles 
most  of the water fo r  a 50-unit t ra i l e r  court. It i s  es t i -  
mated that oumping ra tes  on well 7 approach 2.000 - - 

Bedrock.-Most ground water In the Mendenhdllpe- gallons per'hou; without appreciable drawdown. *est 
ninsula and nuke Lake areas is obtained from frat- hole M-14, 700 feet  south of well 7,penetrated 87 feet  

tures  in bedrock of s late  and varying amounts of Meta- Of sand' 

morphosed volcanic agglomerate and breccia. The a r e a  Infiltration galleries.-An infiltration g a 11 e r y, an 
of exposed b e  d r o c k i s  shown on the geologic map. artificial tunnel that extends into a zone of saturation, 
Yields, in  a sample of 46 wells, range from less  than drains  water by gravity into a sump o r  well. Such a 



t gallery might consist of a perforated pipe surrounded 

.*' by a gravel  pack. Deposits of water-saturated sand and 
gravel  in abandoned outwash s t ream channels suitable * fo r  gallery installation occur along the south shore of 
Mendenhall Lake, a s  shown on the occurrenceof water 
and ice map. 

Two test  pits were excavated in these sands in the 
spring of 1966. Pi t  No. 1. a s  shownin the accompanying 
photograph, i s  15 feet by 25 feet in a r e a  and about 6 
feet  deep. The water level in the pit was within 4 feet 
of ground level shortly after excavation. Thc perme- 
ability of the sand indicates that probably more  than 
50 gpm could be pumped continuously from a gallery, 

There would be many advantages to aga l le ry  located 
near  the lake. It would provide naturally filtered water 
f rom a large rese rvo i r  of lake water and would r e -  
quire  a minimum of pumping to maintain adequate line 
pressure.  

GEOLOGY 

The surficial geologic map shows the distribution 
of rock types in the Mendenhall Valley area.  They have 
been divided generally into bedrock o r  metamorphic 
rocks of Mesozoic age and unconsolidated sediments 
of Quaternary age. The unconsolidated sediments have 
been subdivided into (a) older  marine, estuarine. and 
alluvial deposits, generally between 6,000 and 18,000 
years  old, and (b) younger. generally nonmarine de- 
posits. Most of these younger sediments were laid 
down during the recent advance and re t rea t  of the Men- 
denhall Glacier. A brief description of the map units 
and their water-bearing qualities is presentedwith the 
geologic map. A more  detailed description of their 
water-bearing qualities will be found in the sectionon 
availability of water. 

The three geologic sections (A-A: B-B: andc-C')  
i l lustrate  the subsurface geology in the valley. The 
sections emphasize the presence of a thin cover of 
Recent nonmarine outwash and alluvial sedimznts that 
overl ies  relatively thick accumulation of tidal and 
marine sediments. They show the impermeable en- 
velope of metamorphic rocks that contain water- 
bearing sediments, the hydrologic setting of Menden- 
and Auke Lakes, and the relation of the lakes to the 
water-bearing sediments. 

GEOLOGIC HISTORY 

The bedrock te r rane  of the area,  which was probably 
laid bare by glacia~scouring, is  relatively impervious. It  
is composed of tightly consolidated rnetasedimentary, 
igneous, and metamorphic rock that g r a d e s  from 
clastic metasedimentary andvolcanic rock in the lower 
end of the valley and in the Mendenhall Peninsula to 
quartz  diorite in the presently glaciated par t  of the 
valley near Strol ler  White Mountain north of the mapped 
area.  The rocks a r e  from 70 to 225 million years  old 
(Knopf, 1912). Typical rocks a r e  s late ,  graywacke, 
sandstone, argillite,  thin lenses of limestone, extrusive 
volcanics that have been al tered to greenstone, schist,  
and phyllite. The rocks generally dip steeply to the 
northeast. 

Mendenhall Valley was formed by glaciation during 
the Pleistocene Epoch. In the vicinity of the valley, the 
Pleistocene ice  sheet was 4,000 to 5,000 feet thick 
about 18,000 years  ago (Coulter and others, 1965). 
The ice sheet began to melt about 17,000 years  ago 
and by 11,000 to 7,500 years  ago the valley was f ree  
of glacial ice  a s  fa r  north a s  the present  front of the 
glacier.  

As the ice  receded from the area,  relatively permable 
unconsolidated sediments were depositedin the valley. 
These unconsolidated sediments a r e  generally younger 

than 18,000 years  (Heusser, 1960, p. 97) a n d a r e  com- 
posed of bedrock detritus in  the form of clay, silt ,  
sand, gravel,  and boulders, intermixed during deposi- 
tion by glacial, tidal, wave, and s t r e a m  action. Indi- 
vidual beds generally cannot be t raced over appre- 
ciable distances, 

The thickness of the sedimentary fill  is known a t  
only a few places. The maximum measured depth of 
Mendenhall Lake is 200 feet. Depth to bedrock in the 
center  of the valley south of the lake i s  more  than 
180 feet a t  well 1 on the Mendenhall Loop Road, P r e -  
liminary interpretations of geophysical investigations 
in  part  of Mendenhall Valley indicated 500 feet a s  a 
lrobable depth to bedrock near  well 8 2  (R. D. Miller, 
~ r a l  cornmun., June 19, 1966). 

Many dynamic environmental changes have taken 
place in the report  a r e a  s ince the las t  glacial maxi- 
mum. During the buildup of the i ce  sheet,  the land 
surface was loaded and depressed by the weight of the 
ice and probably subsided at  least  700 feet in the Ju- 
neau a r e a  (Twenhofel, 1952, p. 528: Heusser, 1960, 
p. 192; Curray, 1965, p. 725, fig. 2). Concurrently, 
worldwide ice  builctup also caused lowering of s e a  
level by approximately 360 feet (Curray, 1965, p. 725, 
fig. 2). The worldwide melting of glacial i ce  after the 
l a s t  glacial maximum caused the rise of s e a  and land 
levels - 

The relative ra te  of r i s e  of s e a  level and land sur face  
differed. The land surface, which had been depressed 
far ther ,  r o s e  at  a faster  rate ,  but both ra tes  appear 
to be directly proportional to the melting ra te  of the 
regional i ce  sheet. The land r i s e  i s  thought to be not 
simply related to unloading but also to the regional 
tectonic framework, probably in  a delicate s ta te  of 
balance, so  that loading and unloading allowed rela-  
tively rapid and grea t  downwarping and consequent 
rebound of the land mass.  Prel iminary evidence sug- 
gests  that by 4,000 B.C. to 5000 B.C., s e a  and land 
levels probably were within 15 feet of their present  
elevations (Heusser, 1960, p. 189-194). The warmcli-  
mate, which caused the glaciers  to recede, began to 
cool by 1,000 B.C, (Goldthwait, 1963, p. 44; Heusser, 
1957, p. 69 and fig. 2). During this period. the Men- 
denhall Glacier probably receded far ther  up the valley 
than i ts  present  position and then began to readvance. 
It reached i t s  far thest  modern advance by A.D. 1750 
and then receded rapidly (Lawrence, 1950, p. 201 and 
219). As the ice sheet  retreated,  the sedimentary en- 
vironment in the valley changed from marine to non- 
marine. The paleogeographic maps illustrate the sedi- 
mentary environment during the advance and re t rea t  
of the glaciers. 

Marine Phase: 10.000-4500 B.C,-After the re t rea t  
of the ice sheet,  approximately 10,000 to 12,000 years  
ago, the valley floor was covered by s e a s  that may 
have been more  than 400 feet deep (Twenhofel, 1952, 
p, 528, and Curray,  1965, p. 725, fig. 2). Rapid emer-  
gence of the a r e a  caused water depths to shoal so  that 
by 4500 B.C. the bedrock surface may have been within 
35 feet of m o d e r n  s e a  level datum (Heusser, 1960, 
p. 97). The Paleogeographic map shows conditions a s  
they may have existed about 6000 B.C. 

Sedimentation during the interval, 10,000 B.C. to 
4500 B. C., was marine; the rocks consist of inter- 
mixed poorly sorted clay, silt ,  sand, and boulders. 
Early in this span some of the sediment probably 
dropped to the bottom of the valley from the glacier  
front-and fromicebergs in the bay. Along the bay shore,  
deltaic fans of s t ream-sorted sand were developed; the 
largest  was near the mouth of Montana Creek. Both 
organic mater ial  derived from the s e a  and fragments 
of vegetation car r ied  by s t r e a m s  were buried in the 



accumulating sedimentary fill. This mater ial ,  a s  well 
a s  sa l t  water, has been penetrated insevera l  a reas  by 
deeper wells in the valley (c ross  section B-B'on the 
surf icial  geologic map.) 

Estuarine and Nonmarine Phase: 4500 B.C.-A.D. 
1x0-Between 3500 and 4500 B.C. the relatively rapid 
r i s e  of s e a  and land ceased at, o r  near ,  modern s e a  
Ievel datum. The paleogeographic map shows condi- 
tions a s  they migh have appeared about 600 E.C. Out- 
wash from the  glacier  and a l l u v ~ a l  detritus from the 
s t r e a m s  formed a graded plain which advancedsouth- 
ward from the bedrock exposures a t  the north end of 
the valley. Estuarine o r  tidal sediments were deposited 
in front of the plain, and pioneer forests  grew on the 
plain above tide level. D r a i n a g  e from Nugget Creek 
and melt  water f rom Mendenhall Glacier deposited 
s t ream-sorted sand and gravel  in deltas along the 
eas te rn  s ide of the valley. During periodic floods, 
t r e e s  and vegetation , . e r e  repeatedly buried under al- 
luvlal sediments. 

A s  the cl imate became cool and wet during the Little 
Ice Age (Matthes, 1942, p. 214), whichbegan about 1000 
B. C., the Mendenhall G 1 a c i e r began to readvance 
southward. The glacier overrode t r e e s  that had been 
established in the Mendenhall Lake area,  probably ex- 
cavated sediments from the s i t e  of Mendenhall Lake, 
and reached i t s  terminal  position sometime before A.D. 
1765 (Lawrence, 1950, p. 215). Increased streamflow 
due to the cool-wet climate during the advance probably 
caused the burial by sediments of fo res t  growth south 
of the glacier.  The remains of the forest,  buried t r e e  
trunks and logs, can be seen  at local i t ies  MWB, MWC, 
and MWD on the surficial geologic map. 

Nonrnarine Phase: A.D. 1750 to Present.-The l a s t  
recession of Mendenhall G l a c i e r  about A.D, 1750 
(Heusser, 1964, p. 77; Lawrence, 1950, p. 203), changed 
the physical environment of the valley. The paleogeo- 
graphic map shnws conditions a s  they might have ap- 
peared in A.D. 1750. Since that time, the glacier  has 
re t rea ted  a t  an average r a t e  of 40 feet per  year ,  As 
the glacier  receded, many temporary terminal  posi- 
tions were recorded by concentric morainal ridges of 
coarse  cobbles and boulders deposited on the fine 
sediments of the ea r l i e r  outwash-plain o r  1 a k e de- 
posits. During this stage, melt  water from theglacier  
and Nugget Creek, which flowed over the morainal 
mater ial ,  deposited glacial outwash east  of Dredge 
Lake and down the eas t  side of the valley. Extensive 
deposits of c o a r s e  gravel  and sand, shown onthe sur -  
ficial geologic map, were deposited by the melt-water 
s t r e a m  a s  fa r  south a s  well 96. 

As the glacier  re t rea ted  northward, the morainal 
mater ial  formed a dam that impounded Mendenhall 
Lake. Between A.D. 1750 and 1900 the dam was over- 
topped near  i t s  center.  and the overflow of lake and 
melt  water through the morainal mater ial  formed the 
present  channel of Mendenhall River, which became 
the principal drainage of the valley. The r iver  rapidly 

incised a channel through the flood-plain deposits. a 
The lake became a settling pond for  the coarse debris +. 

i 
from the glacier  and Nugget Creek. The Mendenhall 
River ca r r ied  a sediment load principally derived 
from bank erosion, consisting of f ins  sand and silt .  
The sediment presently is being deposited in the delta 
a r e a  near  the airport.  

Depositional ra tes  and processes  have changed over 
the past 200 to 300 years .  The valley a rea  i s  pre-  
sently undergoing regional uplift a t  a calculated ra te  
of 2 cent imeters  per  year  (Hlcks and Shofnos, 1965, 
p. 3316), probably a s  the resul t  of unloading by molt- 
ing of Ice of the Little Ice Age. Consequently, sedi- 
ments deposited during the glacial advance a r e  now 
being eroded and t ransported to tidewater. 
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