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FOREWORD 

The scientific and economic results of work by the United States Geological Survey during 
the fiscal year 1961, the 12 months ending June 30, 1961, are summarized in 4 volumes. This 
volume includes 143 short papers on subjects in the fields of geology, hydrology, and related 
sciences, prepared by members of the Geologic, Water Resources, and Conservation Divisions 
of the Survey. Some are announcements of new discoveries or observations on problems of 
limited scope, which may or may not be described in greater detail subsequently. Others 
summarize conclusions drawn from more extensive or continuing investigstions, which in large 
part will be described in greater detail in reports to be published at a later date. 

Professional Paper 42&A provides a synopsis of the more important new findings result- 
ing from work during the fiscal year. Professional Papers 426B and 424-4 contain addi- 
tional short papers like those in the present volume. 

THOMAS B. NOLAN, 
Director. 
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GEOLOGY AND HYDROLOGY OF ALASKA AND HAWAII 

353. ANALYSES OF GAS AND WATER FROM TWO MINERAL SPRINGS IN THE COPPER RIVER BASIN, 
ALASKA 

By DONALD R. NICHOLS and LYNN *4. YEHLE, Washington, D.C. 

Two gas and mineralized-water springs, previously 
reported by the authors (1961, p. 1076), were sampled 
during the summer of 1960. These springs, here 
termed the Copper Center and Tazlina mineral springs, 
issue from small mounds and thus may be classed as 
incipient mud volcanoes. Several other smaller 
springs, also presumably mineralized, have been seen 
from the air, but were not visited. All of the springs 
are in the southeastern Copper River Basin (fig. 353.1), 
and appear to be associated with mud volcanoes that 
have been divided into two general groups based on 
geographic distribution and chemical and physical 
characteristics. The Drum group (Shrub, Upper 
Klawasi, and Lower Klawasi mud volcanoes) lies east 
of the Copper River and has the largest cones, 150 
to 310 feet high; its springs are characterized by car- 
bon dioxide gas and warm sodium bicarbonate and 

sodium chloride waters. The Tolsona group (Nickel . 
Creek, Shepard, Tolsona No. 1, and Tolsona No. 2, mud 
volcanoes) lies west of the Copper River and has cones 
25 to 60 feet high; all but the inactive Shepard mud 
volcano have springs that discharge methane gas and 
cool sodium chloride and calcium chloride water. 

East of the Copper River, thick glacial, lacustrine, 
and fluvial deposits mantle andesitic lavas of Tertiary 
to Recent age. West of the Copper River, marine sedi- 
mentary rocks of Cretaceous age, and semiconsolidated 
sandstone, conglomerate, and a few thin lignitic beds of 
Tertiary age, are overlain by Pleistocene deposits 
(Miller and others, 1959, p. 52, pl. 3) .  

DESCRIPTION OF THE SPRINGS 

The Copper Center mineral spring is 2% miles N. 
20" E. of Copper Center (fig. 353.1). It consists of 
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two vents, each 1% inches wide, and a single pool 5 
to 8 feet in diameter and 2 feet deep. The pool and 
vents lie on the eastern edge of a barren, almost imper- 
ceptible mound, the base of which is about 75 feet in 
diameter and about 1 foot below the nearby ground 
surface. The mound consists largely of pebbly clayey 
silt to a depth of a t  least 3% feet. The bottom of the 
pool, however, is covered by medium to coarse sand. 
Coarse gravel, which lines the drainage channel from 
the spring, and twigs and sand in the pool are coated 
by an iridescent bluish-purple precipitate. 

When observed, water in the pool was clear green 
and had a temperature of 63OF, 12O less than the air 
temperature but 15" to 25' more than ground-water 
temperature. Water from the pool discharged into a 
small stream at  a rate of about 9 gpm, but sank into 
the stream bed within 300 yards. Discharge from the 
vents was insignificant. A dry, grass-covered drainage 
way, 50 to 500 feed wide, that extends southwestward 
from the spring to a gully incised in the bluffs of the 
Copper River suggests that discharge of water from 
the pools was much greater in the past. Gas bubbled 
intermittently from several places in the pool and from 
the two small vents. 

The Tazlina mineral spring is in a clearing on a low 
terrace north of the Tazlina River, about 21/2 miles east 
of Tolsona Creek. I n  this approximate area, Theodore 
Chapin, in 1914 (unpublished data), found a "circular 
area 15 feet across [with] over 50 mud volcanoes * * * 

[and with] mounds 4 to 5 feet high." The Tazlina 
spring, which may be the same as Chapin's mud 
volcanoes, presently consists of 4 pools 3 to  5 feet in 
diameter on a single grass-covered mound 3 to 4 feet 
high and 250 feet in diameter. The mound is composed 
of dark-gray clayey silt and fine sand. Gas bubbled 
intermittently from 3 of the 5 vents in the largest pool 
at the mound crest (fig. 353.2), but activity was very 
sporadic in the other 3 pools on the northeast slope of 
the mound. The water seeps into grass-covered 
marshes bordering the pools; the rate of discharge 
could not be measured. Gray, silt-laden water in the 
pools had a salty taste and a temperature of 40" F, 
close to that of the ground water but 35O lower than air 
temperature a t  the time measured. 

WATER AND GAS ANALYSES 

Waters from the Copper Center and Tazlina mineral 
springs (table 353.1) are similar to waters of the 
Tolsona group of mud volcanoes (Nichols and yehle, 
1961, table 3) ; the principal difference is that the 
average of total dissolved solids of the Tolsona group 
is much lower than that of the Copper Center mineral 
spring and much higher than that of the Tazlina 
mineral spring. Waters from the Tolsona group also 
have an appreciably higher iron content. Both the 
spring and mud volcano waters are relatively low in 
bicarbonate and high in chloride and calcium in con- 
trast to waters of the Drum group. 
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FIGURE 353.2.-Gas bubbling from 2 of 5 vents in pool at  crest 
of Tazlina mineral spring. 

TABLE 353.1.-Analyses of water and ratios of chemical con- 
stituents in  water from Copper Center and Tazlina mineral 
springs 

[Analyses by U.S. Geological Survey, Palmer, Alaska.] 

I Mineral spring 

Copper Center Tazlina (Sample 
(Sample 6129 col- 6131 collected 

lected Aug. 7, 1960) Aug. 8, 1960) 

TABLE 353.2-Attal~ses of gas from Copper Center and Tazlina 
mineral springs, and Tolsona No. 1 mud volcano 

[Mass spectrometer analyses by, and used with permission of, Helium Activity 
Laboratory, U.S. Bureau of Mmes, Amarillo, Tex.; Tr.=trace, less than 0.05 
percmt] 

Analyses of gas emanating from the Copper Center 
and Tazlina mineral springs and an analysis of gas 
fl-om the Tolsona No. 1 mud volcano are presented in 
table 353.2. These analyses show a high methane and 
nitrogen content and closely resemble analyses of 
Tolsona group gases (Nichols and Yehle, 1961, table 
2). This contrasts with the predominantly carbon 
clioside gas emanating from the Drum group. 

The Copper Center and Tazlina mineral springs are 
inclucled in the Tolsona group of mud volcanoes because 
of the con~position of their water, and especially of 
their gas. Comparison of the ratios of chemical con- 
stituents of the spring water with median ratios of 
chemical constituents of other waters of different types 
as reported by White (1960, p. B452) shows no striking 
similarities, and the source of the water issuing from the 
springs and mud volcanoes remains uncertain. How- 
ever, the close similarity of gas from springs and mud 
volcanoes of the Tolsona group suggests that all have a 
common source, perhaps from buried Cenozoic marsh or 
coal deposits, or from porous nonpetroliferous beds of 
pre-Tertiary (Cretaceous ?) age. 

Component (percent) : 
Methane _ - - - - - - - - - - - -  
Ethane--.. - - - - - - - - - - - - 
Propane - - - - - - - - - - - - - -  
n-butane-_-- -_- - - -_- -  
i-butane-- - - - - _ - - - - - - - 
n-pentane - - - - - - - - - - - - 
i-pentane------------- 
Cyclo-pentane - - - - - - - -  
Hexanes plus- - - - - - - - -  
Yitrogeli- _.--_------- 

Oxygen - - - - _ _ - - - - - - - -  
Argon----_------_----  
Helium - - - - - - _ _ - - - - - - -  
Hydrogen- _ - _ _  - - - - - -  - 
ITydrogen sulfide- - - - -. 
Carbon dioxide - - - -  _ - -  - 

Total- _ -  

Sulfur odor --_---......-----, 
Calculated total Btu - - - - - - -  

Mineral springs I Tolsona No. 1 
mud volcano 
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FIGURE 3%.l.--Generalized geologic map and sections of the southern Lisburne Hills. Hypothetical sections illustrate 
suggested development of the thrust faults by gravity gliding. 
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FIGURE 354.2.-Photograph of sea cliffs at  Agate Rock showing thrust faults. Ms, Mississippian rocks except Lisburne 
group; Mlu, Lisburne group of Mississippian age;  P, Permian rocks; T, Triassic rocks; KJsu, Jurassic or Cretaceous 
rocks. Altitude of cliff top is 625 feet. 

gentle folding also probably occurred after the thrust- 
ing ceased, and may have been associated v i th  the 
subsidence of the area around and west of Point Hope. 
This lnay account for general 11-estwarcl dips of the 
thrust planes at  their western exposures. 

The association of eastward overthrusting with an 
eastward regional dip suggests that the thrusting took 
place by gravity gliding as illustrated by the hypotheti- 
cal sectiol~s (fig. 354.1). Thrusting may have been 
triggered by the same deforming stresses that resulted 
in upwarp in the vicinity of Point Hope relative to the 
area to the east and southeast. Relatively competent 
rocks of the Lisburne group tended to move as coherent 
sheets, chiefly along numerous weakly bonded bedding 
planes at  and near its base. The mudstone of the un- 
derlying unit, particularly if water saturated, could 
have served as a lubricated, possibly buoyant zone along 
which the overlying coherent sheets could slide. No 
Ion--angle faults have been found in the rocks of Jurassic 
and Cretaceous age in this area, except small discontin- 
uous ones in locally gently dipping strata. Indeed, i t  

is difficult to visualize how a thrust fault could be main- 
tained as a single flat-lying surface within such incom- 
petent beds. It seems more likely that ahead of the 
moving sheets of competent limestone these younger 
rocks were intricately crumpled and the thrust faults 
split up along bedding planes and axial planes of folds 
into many faults of small displacement. Frontal piles 
of such crumpled strata may have prevented further 
movement on lower thrust planes such as the Angrnarok 
and Saleekvik faults ( e  and d, fig. 354.1) so that later 
movement took place at higher levels, resbltinp in the 
imbrication of thrust sheets. 

REFERENCES 

Barnes, D. F., and Allen, R. V., 1961, Preliminary results of 
gravity measurements between Kotzebue and Point Hope, 
Alaska, in Kachadoorian, Reuben, and others, Geologic in- 
vestigations in  support of Project Chariot, Phase 111, i n  
the vicinity of Cape Thompson, northwestern Alaska-pre- 
liminary report: U.S. Geol. Survey open-file report, p. 80-86. 

Collier, A. J., 1906, Geology and coal resources of the Cape Lis- 
burne region, Alaska : U.S. Geol. Survey Bull. 278, 54 p. 



SHORT PAPERS IN THE GEOLOGK AND KPDROLOGIC SCIENmS, ARTICLES 293-435 D-197 

355. PHYSIOGRAPHIC PROCESSES OF SEDGE MEADOW POOL FORMATION ON LATOUCHE ISLAND, ALASKA 

By HANSFORD T. SHACKLET~E, Georgetown, Ky. 

Latouche Island is one of the outermost islands of 
Prince William Sound, lying about 100 miles southwest 
of the mainland port of Valdez. The climate here is a 
mild, wet coastal type ; the mean annual precipitation is 
184 inches, and the average snowfall is about 153 inches. 
The mean annual temperature is approximately 42' F ;  
the absolute maximum is 82" F, and the absolute mini- 
mum is lo F. The bedrock is predominately hard, com- 
pact, dull-gray graywacke and interbedded medium- to 
dark-gray slate (Stejer, 1956, p. 110-111). Unconsoli- 
dated surficial deposits are described by Stejer (p. 111) 
as follows : 

Unconsolidated deposits of Quaternary age overlie much of the 
bedrock. Glacial deposits mantle large parts of the valley floor, 
alluvium occurs in patches along the streams, and talus forms 
thick blankets along the lower slopes of the high ridge that 
borders the valley. 

The weathered upper layers of the glacial deposits con- 
tain sufficient fine silt and clay to form a zone of minerd 
soil almost impervious to vadose water. The area is 
thus without effective underground drainage, and most 
of the heavy rainfall and snow melt water is removed 
as surface runoff (George 0. Gates, oral communication, 
1957). 

Broad terraces near the seacoast about one-half mile 
southwest of the village of Latouche are covered for the 
most part with a sedge meadow plant community 
(Shacklette, 1961). The principal species of sedges are 
Carex Kelloggii Boott, C. canescens L., C. nzacrochuefa 
C. A. Meyer, C. sitcham& Prescott and C. pauciflora 
Lightf., with which are also found cotton grass (E?.io- 
p h o m  grctcile Koch) and bur-rced (Sparganium an- 
gustifolium Michx.) . Few other plant species are pres- 
ent. 

Small pools are conspicuous features of these sedge 
meadows, which are on the gently sloping terraces. 
Many of these pools are highly symmetrical, generally 
rounded to almost circular, as much as 30 feet in cli- 
ameter, and raised 2 or 3 feet above the general level 
of the surrounding meadow (fig. 355.1). They have 
vertical to slightly overhanging bailks or rims, formed 
of the roots and stems of sedges and cotton grass im- 
bedded in reddish-brown peat. Water in the pools is 
open, clear, and 6 to 10 inches deep. The material on 
the bottoms of the pools consists of i n  ooze of unconsoli- 
dated dark-brown finely comminuted organic matter 
that extends downward an undetermined depth but 
grades into rather firm muck or peat at it depth of 
about S feet. There is no significant growth of lnosses 
in the pools. The rhizomes of the yellow pond lily 
(Nuphar polysepdum Engelm.) are loosely imbedded 

FIGURE 355.1.-Sedge meadow pool, Latouche Island, Alaska. 
Leaves of yellow pond lily are floating on the surface. The 
aquatic bur-reed grows in water near the margin ( a ) .  
Sedges (Careo and Briophorum~ spp.) form a dense, cloeed 
sod on the pool rim and island. A break in the rim is be- 
ginning to form at the right of the pool (b) ; this will even- 
tually drain the pool. The terrace ridge in the background 
bears a scattered growth of mountain hemlock, Sitka spruce, 
and western hemlock. 

in the ooze of the pool bottoms, and scattered clumps 
of quillwort (Isoetes Braunii Durieu) grow completely 
submerged in the shallow water. A few plants of bur- 
reed also grow in the pools as emergent aquatics. 
These pools have no apparent surface outlets, and 
the water does not seem to be flowing through them. 

The formatiol~ of these pools is believed to begin 
with the damming of :L minor surface drainage channel 
by the growtll of one or several sedge tussocks, along 
with leafv liver~voi~ts, principally Nardia scalarh 
(Schrad.) Gray, and a few mosses, principally 
D~epanocladw~ species, that grow in and around the 
tnssocks. The pool increases in size by an increase 
in height of the dam through growth of the sedges, 
ancl by the thrusting asicle of the banks by ice when 
the water freezes. The outward pressure of the ice 
tends to form a pressure ridge in the peat at the edge 
of the pool, creating a11 elevated rim (fig. 355.2B) as 
the ice of the pool pushes against the still-unfrozen 
sedge margin. The development of an island in the 
pool is :I fortuitous occurrence and not a constant fea- 
ture of sedge meado\v pools. These islands appear t~ 
have originatect from the remains of upslope rims that 
llacl reached sufficient heigllt to escape flooding and 
clisruptive ice actioil as the pool increasecl in size (fig. 
355.22?, C). The disappeamace of the sedge tussocks 
from the floocled areas is believed to be due to the sub- 
strata becoming excessively wet for these sedge species 
to grow well, and to the mechanical disruption of the 
substrata and the sedge tussocks by ice action. Alter- 
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nate freezing ancl thawing of the saturated fibrous peat 
substrata is probably the principal factor in the for- 
mation of the ooze on the pool bottom. 

The continued development of sedge meadow pools 
leads to their eventual destruction. Field observation 
suggests that when the pools have attained a diameter 
of 20 to 30 feet a break generally occurs in the down- 
slope rim (fig. 355.1). The pool is thus drained, and 
the old pool bottom is then colonized by the more 
hydrophytic species of sedges and cotton grass. The 
ridged, furrowed, and hummocky microrelief of the 
sedge meadow is caused by the persistence of the old 
pool rims, islands, and pool bottoms. Foot travel over 
this terrain is difficult because of the surface irregu- 
larities which are often concealed by the dense sedge 
growth; numerous pools and soft bottoms of old pools 
also must be avoided. 

Other bodies of water in this vicinity range in size 
from that of the sedge meadow pools to small lakes 
(for example, Fish Lake and Lake Putnam, shown on 
the map of Latouche Island, the Seward A-3,l:  63,360 
quadrangle). These pools or lakes lie in slight depres- 
sions, have flowing outlets, and do not have elevated 
margins or rims. I t  is believed that their origin and 
history are directly related to the major drainage pat- 
terns of the terrain, and that they were not derived 
from the unique sedge meadow pools described in this 
report. 
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356. REGIONALLY METAMORPHOSED METALLIFEROUS CONTACT-METASOMATIC DEPOSITS NEAR NOME, 
ALASKA 

By C. L. HUMMEL, Bangkok, Thailand 

Anomalously large amounts of bismuth, copper, first reported the source of the metals was unknown. 
molybdenunl, and zinc in sediments from Thompson These metals are now thought to have been derived 
Creek (a  western tributary of the Grand Central from erosion of metamorphosed contact-metasomatic 
River) in the Icigluaik Mountains have been reported deposits. Four such deposits have been identified near 
previously (Hummel and Chapman, 1960), but when Tllompson Creek: two are west of the Thompson Creek 
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drainage ancl two are on either side of the Grand 
Central River above the moutl~ of Thompson Creek 
(fig. 356.1). 

111 Tl~oinpson Creek, stream sediineilts containing 
heavy illetals in the light fraction and scheelite in 
heavy-inineral concentrates are downstream from a 
~ricle belt of sulficle-bearing calc-silicate rock formed 
along the contact of a thick gneissic granite sill (C. L. 
Sainsb~wy, oral communication, 1960). Metamor- 
phosed deposits lie along the contact of this same 
gneissic granite sill a t  points 4 and 7 miles west of 
Thompson Creek. 

The contact-metasomatic deposit west of the Grand 
Central River lies along the contact between a body of 
quartz-plagioclase-biotite gneiss and interbedded mar- 
ble and biotite schist. The gneiss is believed to be a 
illetamorphosed granodiorite sill. The bedrock rela- 
tions of the deposit on the east side of the river are 
unknown. 

The contact-metasomatic deposits are difficult to rec- 
ognize, for they have been recrystallized during the 
regional metamorphism of the enclosing sedimentary 
and igneous rocks, n-hich has produced calc-silicates 
very similar to tlle contact rock developed near the in- 
trusive~. The four deposits shown on figure 356.1 con- 
tain scheelite-bearing contact silicates, and the western- 
most deposit contains galena and sphalerite associated 
with scheelite. 

The contact-metasomatic deposits assoc.iated with 
regionally metamorphosed intrusive masses represent a 
type of lode deposit hitherto unrecognized in the Nome 
area. Similar deposits may be associated with other 
meta-igneous rocks in the Kigluaik Mountains, and in 
high-grade metamorphic rocks in the Bendeleben and 
Darby Mountains on the Seward Peninsula. 
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Outline of drainage basin of Thornpeon Creek 

. D  
Fault. showing dip 

U. upthrown sldr; D, downthmwn aida 

T 
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357. MULTIPLE GLACIATION IN THE HEADWATERS AREA OF THE DELTA RIVER, CEhTRAL ALASKA 

By TROY L. P g d ,  College, Alaska 

At  least four Quaternary glaciations, each succes- 
sively less extensive than the former, are recorded on 
the south side of the central Alaska Range in the head- 
waters area of the Delta River, an area of broad valleys 
and low mountains. These mountains, named the 
Sinphitheater Mountains because of small cirque gla- 
ciers on the north-facing slopes, have a relief of 2,000 
to 3,000 feet (fig. 357.1). A reconnaissai~ce study mas 
made of the entire area, and detailed in\-estigations 
were made in the vicinity of Higli Valley. 

In  the past, glaciers pushed south from the alaska 
Range, and some ice was conhecl to the aide, deep, 
major river valleys, such as the Maclaren. Mucli of the 

ice, however, filtered through gaps and passes in the 
,In~phitlieater Mountains and mas joined by local gla- 
ciers. A small percentage of the ice from t,he south 
side of the Alaska Range found egress to the north 
through the Delta River pass (PGw6 and others, 1953, 
p. 8).  

The earliest glacial adrance recognized is thought to 
be early to middle Quaternary age. This advance cov- 
ered the 6,000-foot peaks of the Amphitheater Moun- 
tains and pushed south into the Copper River Basin. 
h'o till of this advance is 1~110~11, but isolated erratics 
up to 15 feet in diameter occur on top of Paxson Moun- 
tain and an unnamed peak in the Amphitheater Moun- 

ALASKA 

LOCATlON MAP 

Base from Mt Hayes 1 250.000 146.M)' 
0 5 10 MILES 

Geology by Troy L Pew; 
quadrangle, Alaska Reconnanssance 
Topographic series. 1950 1 I I 

CONTOUR INTERVAL 1000 FEET 
DATUM IS MEAN SFA LEVEL 

FIGURE 357.1.-Glacial deposits in the headwaters area of the Delta River, Alaska. 
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tains (fig. 357.1). A north-trending overflow gorge 
across tlie crest of Paxsoii Mountain was possibly cut 
during this glaciation. This advaiim is tentatively cor- 
related with tlie Darling Creek advance recorded in the 
lower Delta River area (PewQ, 1952). 

The second glacial advance pushed south to the Cop- 
per River Basin but did not cover the peaks of the 
Amphitheater Mountains. Many overflow channels 
were cut where drainage escaped over low places in 
ridges mliicli protruded only slightly above the ice sur- 
face. These ridges now display high and dry water-cut 
gashes which are best exhibited just outside the soutli- 
ern border of the mapped area. This advance, thought 
to be middle to late Quaternary age, left an olive- 
colored silty till covering tlie lowlands and flanking the 
lower slopes of the *4mphitheater Mountains. This till 
is now covered by later Quaternary drift or rubble 
sheets except above an elevation of 4,000 feet and on 
the floor of High Valley. No morainal forms of this 
glaciation are preserved in the area, probably because 
the drift lias been covered by younger drift or rubble 
sheets. This glacial advance is tentatively correlated 
with the Delta glaciation of the lower Delta River 
(PGwG and others, 1953). 

The next two glacial advances took place in late 
Quaternary time and are closely related in extent aiicl 
age. They are here grouped together and named the 
Denali glaciation, after the Denali Highway, which 
traverses the deposits of these advances in tlie Amplii- 
theater Mountains. The Denali glaciation is correlated 
wit11 the complex Donnelly glaciation of the lower 
Delta River (PQwQ, 1952). 

These two advances did not cover the Amphitheater 
Mountains, but moved through gaps and were joined 
by local cirque ice. Ice was thick in major valleys 
such as the Maclaren River valley on the soutli side 
of the range, but was thinner over interfluves. Upon 
retreat, much of tlie ice in the headwaters area of the 
Delta River thinned and stagnated. 

Well-preserved moraines, characterized by fresh 
knob-and-kettle topography, are typical of drift of late 
Denali age; moraines of early Denali age are more 

subdued, less eflective in deflecting surface drainage, 
ancl slightly more extensive (fig. 357.1). 

AS the ice from the late Denali advance in the area 
stagnatecl many ice-contact features formed : eskers, 
kames and kettles, crevasse fillings, and pitted surfaces. 
The Tangle Lakes at the lieaclwaters of tlie Delta River 
con~prise a classic area for such features. They are 
strikingly fresh and cover an area of several hundred 
square miles. 

Glacier-free lower slopes, especially north-facing 
slopes, in the Amphitheater Mo~uitains are blanketed 
by a 3- to 7-foot thick sheet of 1101~ in:tctive rubble 
that  as clerivecl from higher slopes by frost riving dur- 
ing tlie rigorous climate of the time of tlie Denali gla- 
ciation. Some of the rubble sheets cover older till in 
High Valley. 

During a readvance of the ice in very late Quater- 
nary time (the fourth glaciation) ice streams on the 
south side of the central Alaska Range did not extend 
far  enough to go through the gaps in the Amphitheater 
Mountains. Small glaciers in the Amphitheater Moun- 
tains deposited arcuate moraines a t  the mouths of short 
valleys at altitudes lower than tlie prominent lateral 
moraines deposited during the late Denali glaciation. 

Cirque glaciers of the ,impliitlieater Mountains 
have advanced twice in historic time, each advance 
leaving two small sharp morainal ridges of angular 
rubble within a, few hundred yards of the present ice 
fronts. These deposits are about 5,000 feet above sea 
level and are perhaps correlative with moraines de- 
posited within the last two centuries by glaciers in the 
Delta River pass (PQw6, 1951, 1957). 
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358. RECESSION OF PORTAGE GLACIER, ALASKA 

By RUTH A. M. SCHMIDT, Anchorage, Alaska 

Portage Glacier occupies a pass in the Kenai-Chugach 
Mountains between Cook Inlet and Prince William 
Sound at the southeastern end of Turnagain Arm, 
Alaska, in the Chugach National Forest. Because it 
is close to Anchorage and to the Seward Highway, 
the U.S. Forest Service has built a road to the area 
and provided picnic grounds and campsites. Exam- 
ination of maps and photographs show that the glacier 
has receded 1.9 miles in 45 years; during this time a 
proglacial lake called Portage Lake formed behind a 
terminal moraine. 

I n  1898 Mendenhall twice crossed the glacier, and 
stated (Mendenhall, 1900, p. 301) - 
* * * the isthmus connecting Kenai Peninsula and the main- 
land is crossed in a portage of about 12 miles to the head of 
Turnagain Arm. A glacier covers 4 or 5 miles of this isthmus, 
and its highest point is 1,000 or 1,100 feet above the sea, with 
a steep approach from the east. * * * This portage over the 
glacier is one of the oldest routes in Alaska, since more than 
a hundred years ago Captain George Vancouver reported that 
it had been long used by Russian and Indian traders as a 
means of communication between Cook Inlet and Chugatch 
Gulf [now Prince William Sound]. 

The route was used at that time only during the 
winter and spring months because of crevasses in the 
glacier during the summer. I n  1914 it could still be 
crossed on a trail, but by 1939 a lake had formed in 
front of the glacier, and the surface had become too 
badly crevassed for passage. 

Botanical evidence (TTiereck, 1960, and oral com- 
munications, 1960) indicates that the last major ad- 
vance of Portage Glacier culminated about 1893. ,4s 
far as can be determined, the glacier reached about 
the same position then that it occupied in 1913-1914 
when maps of the glacier were made in connection with 
studies for the Alaskan Engineering Commission. A 
terminal moraine that is present at this point dams the 
proglacial Portage Lake. No other terminal moraines 
have been seen in Portage Valley beyond this one. 

Maps based on surveys by the Alaskan Engineering 
Commission in 1914 and the Alaska Railroad in 1939 
(Barnes, 1943, pl. 16), and aerial photographs taken 
in 1950, 1951, and 1959 provide the follon~ing data on 
the recession of the glacier : 

Apprmimate 
rece8sion 0.f 

ice front, in 
Period: feet @a. 368.1) 

1914 to 1939 (25 years) . . . . . . . . . . . . . . . . . . . . . . . .  3,000 
1939 to 1950 (11 years) . . . . . . . . . . . . . . . . . . . . . . . .  5,500 
1950 to 1959 (9 years) . . . . . . . . . . . . . . . . . . . . . . . . .  1,500 

1914 to 1959 (45 years) . . . . . . . . . . . . . . . . . . . .  10,000 

I n  1913 elevations above sea level were measured a t  
points A and B (fig:358.1) on the northeast side of the 
surface of the glacier (Giffen and Bagley, 1914). 
Elevations at these points in 1913 and in two later years 
are given below : 

Barnes (1943, p. 232) reports that in 1939- 

Soundings in *** [Portage Lake] *** revealed a maximum depth 
of 400 feet ast the glacier front 2,000 feet southeast of the tip 
of Turnagain Shoulder, and depths of more than 200 feet at 
several places within 400 to 600 feet of the south and west shores. 

I n  July 1960 soundiilgs taken by the writer in ap- 
proximately the same area as the 1939 glacier front gave 
depths of 250 feet to 260 feet, indicating that sediment 
about 150 feet thick had been deposited. The depth of 
the lake increased sharply from the terminal moraine 
to depths of more than 125 feet within 100 feet of the 
shore. A maximum depth of 595 feet was measu.red 
about 1,000 feet from the glacier front. Because of 
continual calving, no closer soundings were taken. 

Measurements will continue to be made and photo- 
graphs taken to provide a continuing record. Undoubt- 
edly the recordbreaking high temperatures and low 
precipitation of the 1960-1961 winter will have a 
marked effect on the regimen of all the glaciers in 
Alaska. 

Remarks 

Surface reported as "at least 
200 feet lower" (Barnes, 
1943, p. 231). 

Estimated from topographic 
map, Seward D-5. 

Date 

1913----- 
1939 - - _ - -  

1950- - -. - 

Elevation (feet) 

A 

492 
- - - _ _ - _ - - - - - - -  

Lake surface 
(< 150) 

B 

934 
734 

550 
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0 ; MILE 
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F I G ~ E  358.1.-Portage Glacier area, Alaska, showing glacier f ronts  from 1914 to 1959. 

(Points A and B are described in text.) 
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374. EARLY CRETACEOUS (MIDDLE XEOCOMIAN) MICROFOSSILS IN SOUTH-CENTRAL ALASKA 

By HARLAN R. BERGQUIST, Washington, D.C. 

A small microfauna of middle Neocomian age has 
been found in rocks associated with the Nelchina lime- 
stone in the Talkeetna Mountains, south-central Alaska. 
This is the second record of Foraminifera of middle 
Neocomian age in North America-one foraminifer has 
been described from rocks of Hauterivian age near Coa- 
huila, Mexico (Loeblich and Tappan, 1952). 

The microfossils were found in a few samples that 
were collected by Arthur Grantz and Leo Fay from silty 
shale beds within and below the Kelchina limestone at 
five localities along Tyone Creek and along tributaries 

a to Bubb and Billy Creeks (fig. 374.1). The micro- 
fauna consists largely of calcareous Foraminifera and 
a few species of Radiolaria, and in addition 2 species of 
ostracodes were found in 2 samples. The Foraminifera 
consist of 17 species of lagenids, 1 rotalid species, and 

FIGURE 374.1.-Location of Lower Cretaceous microfossil collec- 
tions from Nelchina limestone (Neocomian age), south-central 
Alaska. 

1 agglutinate species. Some of the Foraminifera ap- 
pear to be the same as species described from rocks of 
middle Weocomian (Hauterivian) age of Glanerbrug, 
Ketlierlands (ten Dam, 1946,1948). 

Three of the samples were collected from an area 
south of the Little Nelchina River. Collection 
52AGz1'74A (fig. 3'74.1) came from silty partings in 
massive Nelchina linlestone on a north tributary of 
Bubb Creek, 3.38 miles S. 21'30' E. of the main head- 
water fork of the I i t t le  Melchina River. The Nelchina 
limestone there overlies a sandstone unit containing 
Rucl~ia crtls.~ico7Ii,v (Iceyserling) of middle Valanginian 
age as identifiecl by Ralph Imlay (Grantz, 1953). The 
sample yielded 6 species of Foraminifera, including 2 
that are common to abundant. Two colIections 
(53AGz190 and 53AGz201) were made at Limestone 
Gulch, a tributary of Billy Creek, about 2% miles 
southwest of the locality on Bubb Creek. Collection 
53AGz190 from a siltstone unit immediately below the 
Nelchina limestone contained 14 species of Foraminif - 
era; 4 were common to abundant. Collection 
53AGz201, from a silty parting within the Nelchina 
limestone, yielded 15 species of Foraminifera, the most 
found in any of the samples. Six of the species are 
common to abundant. 

Other collections (54AGz101, 102,103, and 54AFy57 
and 71) were made from rocks associated with the 
Nelchina limestone along tributaries of Tyone Creek, 
north of the Little Nelchina River (fig. 374.1). Foram- 
inifera from these are similar to those in the other 
collections, but the samples yielded fewer species; only 
2 species were comlilon to abundant in 2 of the collec- 
tions. Three of the collections (54AGz102 and 103, 
and 54AFy71) liacl abundant specimens of Radiolaria. 

Because only a, fen- microfossil samples have been 
obtained from these Early Cretaceous rocks associated 
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with the Kelchina limestone, and additional samples 
could not be collected readily, only tentative identifi- 
cations have been made of the fossils as shown in table 

TABLE 374.1.-Distribution of microfossils in samples from Early 
Cretaceous (Neocomian) strata, south-central Alaska 

[Number of specimens are given if less then 12 were found C, common (12 to 25 
specimens); A,  abundant (25 to 50 specimens); V, very abhndant (more than 50 
specimens found); f, fragment] 

I Collection number 

Marssonella ozycona (Reuss)- A -4 A 7 A 
Lenticulina munsteri (Roe- 

mer) - - - - - - - - - - - - - - - - - - -  8 A V - - - -  A 
sp. (multichambered) - -  C C C 5 - - -  

Robulus sp. A (raised su- 
tures) - - _ - _ - _ - - - - - - - - - - -  2 2 4 _ _ _ -  6 

sp. B (smooth wall) - - _ -  - - - -  - - - -  C - - - -  - - -  
Marginulina cf. M .  robusta 

Reuss . . . . . . . . . . . . . . . . . . . . . .  7 C - - - -  1 
s p - - - - - _ - - - - - - - - - - - - - - - - -  2 - - - - - - - -  - - -  

Marg inu l inops i s  cf. M. 
graeillissima (Reuss) - - - _ -  - - - -  1 1 - - - _  - - -  

Nodosaria sp. A (5 costae) - - - --.. 2 - - -  _ _ - -  - 3 
sp.  B (7 costae) - - - - - - -  - - - -  - - - -  4 - - - _  - - -  

Denlalina afT. D. gracilis 
dJOrbigny-- - - - - - - - - - - - -  - - - -  - - - -  2 -.-- - - -  

Rectoglondulina sp - - - - - - - - - 1 - - - - - - - - - - - - - - - 
Saracenaria sp - - - - - - - -_ - - - -  - - - -  6 2 - - - -  - - -  
Vaginulina sp - _ - - - - - - - - - - -  - - - -  2 1 - - - -  - - -  
Vaginulinopsis cf. V. pachy- 

nota ten Dam-- - - - - - - - - -  3 7 3 - - - -  - - -  
reticulosa ten Dam - - - - -  - - - -  1 10 - - - -  1 
s p - - - - - - - - - - - - - - - - - - . .  - - - - - - - -  8 - - - - - - -  

Frondicularia sp. (costate) - - - - - -  f - -  - - - - -  - - - - 
E p i s t o m i n a  c a r a c o l l a  

(Roemer) - - - _ - - - - - - - - - - -  - - - -  C C - - - -  - - -  
Radiolaria: 

Nasselina - - - - - -  1 - - - - - -  - - - -  - -  P --.- A 
Spumellina - - - - - - - - - - - -  - - - -  - - - -  - - - -  - - - -  A 

Ostracoda : 
sp. A, smooth carapace- - - - -  P - - - -  - - - -  - - -  
sp. B, ornamented cara- 

p a c e - - - - - - - - - - - - - - - - - - -  P - - - - - - - - - - -  

Fossil 

374.1. Of the Foraminifera, the following were com- 
mon or abundant in one or more samples : Marssonella 
oxycona (Reuss), Lenticulintz cf. L. m/iinsteri (Roe- 
mer), Lenticulina sp., RobuZm sp. B, Marginulina cf. 
M .  robusta Reuss, and Episton~ina caracolla (Roemer). 
Some of these are the same species that have been found 
in rocks of inicldle Neocomiall age in Germany, Eng- 
land, and near Glanerbrug, Netherlands. Two species, 
T7aqinulinopsis cf. Ti. pachynota ten Dam and Vagi-  
nulinopsis reticulosa ten Dam,, though of relatively 
rare occurrence, appear to be the same as forms de- 
scribed from middle Neocoinian rocks in the Glaner- 
brug, Netherlands area (ten Dam, 1946). 

Radiolaria in these samples are nasselline and spumel- 
line forms belonging to the Stichocorythidae, Triacar- 
tidae, and Liosphaeridae. Specimens are large, and 
most have been somewhat distorted by compression. 
Stichocorythidian forms which may be species of Die- 
tyomitm? and Cyrfocapsa? are most abundant. Spu- 
melline forms are represented only by Liosphaeridae, 
-i~hich seem to be entirely cenosphaerids and cenodiscids. 
The Radiolaria in collection 54AGz102 are cenosphae- 
rids and stichocorythidian forms and are preserved as 
incomplete glauconitic cmts. Collection 53AGz201 has 
a few glauconitic casts of stichocorythidian forms. 

Strata of Neocomian age in south-central Alaska 
have not been extensively sampled for microfossils; it 
is intended here only to call attention to their presence 
in these rocks. The Foraminifera are of particular 
interest as little is known about this group of organisms 
in the earliest Cretaceous rocks of North America. 
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FIGURE 419.1.-Index map of a part of Alaska showing the lo- 
cation of the Yukon-Koyukuk lowland. 

data). The terraces, which differ from each other only 
in relative height, are poorly drained and are covered 
with a myriad of steepsided thaw lakes, ponds, and 
swamps. Polygonal ground and braided streams are 
common. Mosses, sedges, low brush, stunted black 
spruce, and (rarely) birch grow on these frozen silts. 
Foundation conditions on both of the terraces are poor. 
Breaking of the insulating tundra can result in a sum- 
mer quagmire and the ground will subside because of 
the thawing of ice masses. The poorly drained fine- 
grained sediments are also susceptible to intense sea- 
sonal frost heaving. 

I n  the northern part of the lowland the terraces are 
commonly covered by alluvial sand, which in many 
places forms dunes. The sandy areas are well drained, 
free of large ground-ice masses and thaw lakes. The 
dunes are largely inactive and support an open forest 
of aspen, birch, and spruce. Foundation construction 
conditions on the ice-free sandy zones are fair although 
slopes in dry sand are unstable. 

The flood-plain map units-"linear," "advanced 
linear," L'coalescent," and "scalloped7'-represent four 
arbitrary phases in the development of the flood plain 
(fig. 419.2). This area has been cited as a classic ex- 
ample of the development of a flood plain by meander- 
ing rivers under subarctic conditions (P&w6,1947), and 
the classification of these flood plain units has been 
extended successfully t o  the flood plain of the Kuskok- 
wim River (Drury, 1956). The linear phase is the 
first formed and the scalloped is the last. The four 

units can be distinguished on the basis of the shape of 
the lakes, vegetation, and the amount of ice and organic 
material they contain. The foundation qualities of the 
units vary largely with the amount of ground ice 
present. The first phase of development, the linear 
unit, is made up of gray micaceous silt and sand form- 
ing slipoff slopes, islands, and other low ,areas most 
recently occupied by rivers. Linear, "point bar" lakes 
are present and an integrated drainage is lacking. 
Permafrost is absent or discontinuous ; no large ground 
ice masses are present. Vegetation is made up mostly 
of grasses, Epubetum, 'alder, willow, and some large 
cottonwood and spruce trees. This unit is fairly good 
for foundation purposes but is subject to flooding, river 
cutting, and icing. The only gravel suitable for aggre- 
gate that is present at the surface in the lowland is 
found sparingly in this unit. 

The second flood-plain map unit, marking the ad- 
vanced linear phase, is lithologically similar to the first. 
Elongate lakes, partially broken into segments by en- 
croaching vegetation, and discontinuous permafrost 
(with no large ice masses) are characteristic of this 
phase. Relatively large birch and spruce with a 
brushy understory grow on the unit. Although the 
unit is fairly good for foundation purposes, it is also 
subject to seasonal flooding. 

Broad swampy areas adjacent to the large rivers 
which are marked by coalescing linear lakes form the 
third unit or coalescent phase of the flood plain. Large 
ground-ice masses are present in the organic silt, and 
melting of these masses results in the partial coalescence 
of the linear lakes. Mosses, cottongrass tussocks, cran- 
berry, alder, stunted spruce, and birch grow here. The 
unit is poor for construction as it is very wet and sub- 
ject to intense frost heaving and to subsidence upon 
thawing of permafrost. Areas underlain by this unit 
may be inundated in flood stage. 

The last unit of flood plain development is the 
scalloped phase. Lakes have lost their linear shape, 
are rounded, and have scalloped edges. Ice wedges 
and many large masses of ground ice are characteristic 
of this stage. I n  general, drainage, ground ice, and 
regetation characteristics are similar to those of the 
adjoining terraces but the unit lies near enough to  river 
level to be flooded occasionally. Because of poor drain- 
age, susceptibility to intense frost heaving, and the 
presence of large ground-ice masses, the unit is very 
poor for foundations or construction of any sort. 

Precise dating of the units in the area is not yet 
possible. However, bones of extinct Pleistocene mam- 
mals (Mammoth) have been found in deposits of the 
oldest terrace. A carbon-14 date of 8,140-+-300 years 
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