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- FOREWORD

This collection of 43 short papers is the last of the chapters of Geological Survey Re-
search 1964. The papers report on scientific and economic results of current work by members
of the Geologic, Conservation, Water Resources, and Topographic Divisions of the U.S.
Geological Survey. Some of the papers present results of completed parts of continuing
investigations; others announce new discoveries or preliminary results of investigations that
will be discussed in greater detail in reports to be published in the future. Still others are
scientific notes of limited scope, and short papers on techniques and instrumentation.

Chapter A of this series presents a summary of results of work done during the present

fiscal year.

Tuomas B. Novraw,
Director.
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SIGNIFICANCE OF TRIASSIC OSTRACODES
FROM ALASKA AND NEVADA

By I. G. SOHN, Washington, D.C.

Abstract.—Marine ostracodes are recorded for the first time
from sedimentary rocks assigned to the Upper Triassic of
Alaska and Middle Triassic of Nevada. These occurrences ex-
tend the range of the Cytherellidae downward into the Middle
Triassic and tentatively extend the ranges of the Paleozoic
Beyrichicopina and Thlipsuracea into the Triassic.

Identifiable marine Triassic ostracodes have hitherto
not been recorded in North America, although non-
marine forms have been known for more than a cen-
tury in the continental Triassic beds of the Eastern
United States (Jones, 1862). Jones described and
illustrated Candona? rogersii and C.% emmonsi from
the Triassic of North Carolina and Pennsylvania.
These are probably decalcified films of ostracode shells,
and are therefore unidentifiable (Sohn, 1958).

Marine ostracodes are present in limited numbers in
samples collected for the U.S. Geological Survey by
E. G. Sable in 1948 and C. L. Whittington in 1952
from the upper part of the Shublik Formation (Upper
Triassic) of the Arctic slope of Alaska. The Fora-
minifera from this formation were described by
Tappan (1951). Harlan Bergquist kindly segregated
the ostracodes from the collections.

Silicified marine ostracodes from the Grantsville
Formation of late Middle Triassic age (Silberling,
1959) in the Shoshone Mountains, Nev., were sent to
me by Prof. David L. Clark, Department of Geology,
University of Wisconsin. These specimens were ex-
tracted along with conodonts by Mr. Cameron Mosher,
University of Wisconsin, from the insoluble residue of
a limestone sample collected by N. J. Silberling of the
Geological Survey.

Although the ostracodes from Alaska are pyritized
and very poorly preserved, and those from Nevada are
not perfectly silicified, several genera can be identified.

The samples from Alaska are from the Shublik For-
mation, on Dodo Creek 2 to 2.3 miles above the junc-

tion with the Sadlerochit River, in the foothills of the
Sadlerochit Mountains, northern Alaska. The 30 col-
lections made contain the following:

Hungarella sp. or spp.

Paracypris? sp. or spp.

Darwinula? sp. ’

Steinkerns unident.

The sample from Nevada is from USGS Mesozoic
loc. M76, in the Grantsville Formation, in the Sho-
shone Mountains, and contains the following:

Acratia? sp.

Carinobairdia? sp.

Gen. indet. Bairdiidae
Cytherelloidea 1. sp. 1
Cytherelloidea n. sp. 2

New genus Thlipsuracea?
Gen. indet. Cytheracea

Gen. indet. Healdiidae

Gen. undet. Beyrichicopina ?

Prof. Clark informs me (written communication,
1964) that ostracodes are present in other Triassic
samples from Nevada, so that additional collecting
will doubtless increase the list. The available infor-
mation, though meager, is of interest because it begins
to fill the gap in the knowledge of Triassic ostracodes
and the relation of Paleozoic to post-Paleozoic ostra-
code groups.

Figure 1 shows the current interpretation of the
range and affinities of superfamilies and higher cate-
gories of the Ostracoda, upon which is superposed the
information obtained from this study. Sylvester-
Bradley (1962) discussed the classification and sug-
gested alternate groupings. The stratigraphic ranges
of the groups as illustrated by Scott and Sylvester-
Bradley in Moore (1961) are indicated by dashed lines
in the Triassic, with the exception of the family Cythe-
rellidae which extends down to the Upper Triassic.
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Figure 1.—Diagram showing stratigraphic distribution and inferred relations of the super-
families and higher categories of Ostracoda, after Scott and Sylvester-Bradley, in Moore (1961,

figs. 32 and 34).

More recently, Hartmann discussed the phylogeny of
Ostracoda and published a diagram (1963, p. 28, text
fig. 8) in which the entire scheme is shown by dashed
lines through the Triassic System.

The reasons for the revisions shown by the stippled
pattern on figure 1 are given below:

Suborder Beyrichicopina

Kollmann (1963, p. 144-146) recorded Kirkbyidae?
indet., a family that is included in the Byrichicopina,
from the Upper Triassic of the Alps, and Hornibrook
(1949) described the Recent family Punciidae that is
tentatively placed in this suborder. The specimens
from Nevada listed above as gen. undet. Beyrichico-
pina? substantiate the extension of the range of this
suborder into the Middle Triassic.

Suborder Platycopina

The presence of Cytherelloidea in the assemblage
from Nevada extends the range of this suborder into
the Middle Triassic.

Superfamily Healdiacea
Hungarella in the Upper Triassic of Alaska, and
gen, indet. Healdiidae in the Middle Triassic of Ne-
vada are the basis for extending Healdiacea through
the Triassic.

Stippled pattern shows age revisions discussed in text.

Superfamily Thlipsuracea

The new genus of Thlipsuracea? in the Middle
Triassic of Nevada suggests that this taxon has a
longer stratigraphic range than has been supposed.

Superfamily Cyiherqcea

The presence of an indeterminate genus of Cythe-
racea in the Middle Triassic of Nevada extends the
range of this taxon into the Middle Triassic.

Superfamily Bairdiacea

Acratial, Carinobairdia?, and Bairdiidae gen. indet.
from Nevada document the presence of this group in
the Triassic.

Superfamily Cypridacea

The Upper Triassic specimens from Alaska, identi-
fied is Paracypris? sp. or spp., are very poorly pre-
served. The fact that Styk (1962, p. 733) listed with-
out illustrating Paracypris sp. from the Muschelkalk
of Poland supports the extension of this superfamily
into the Triassic.

Superfamily Darwinvlacea

Although the identification of Darwinule in the
Upper Triassic of Alaska is based on extremely poorly
preserved specimens, the genus has been recorded many
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times from the Triassic in Europe. Drawings of the
diagnostic muscle scar of Darwinulacea by Beutler
and Griindel (1963, pl. 7a, fig. 3) firmly establish the
occurrence of this superfamily in the Triassic.

Suborder Myodocopina

Although several fragments in the assemblage from
Nevada might possibly represent myodocopid ostra-
codes, they are inadequate for positive identification
and are not mentioned in the faunal list. However,
the description and illustration of C'ypridina balber-
steinensts Kittl in Trauth (1918) from the Middle
Triassic, and C. tonkinensis Patte (1926) from Upper
Triassic supports the inclusion of this taxon in the
Triassic.
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TEMPERATURE AND CHEMICAL QUALITY OF WATER
FROM A WELL DRILLED THROUGH PERMAFROST

NEAR BETHEL, ALASKA

By ALVIN J. FEULNER and ROBERT G. SCHUPP,
Anchorage, Alaska, Palmer, Alaska

Work done in cooperation with the U.S. Air Force, Alaskan Air Command

Abstract.—A water well drilled on the Kuskokwim delta
near Bethel, Alaska, obtained potable water beneath 603 feet
of permafrost. Temperature of the subpermafrost water was
33.2°F. Chemical similarity of well water to water from the
Kuskokwim and Yukon Rivers suggests recharge from either
of these rivers through unfrozen zones in the delta deposits.

A water well, 622 feet deep, drilled in delta deposits
of the Kuskokwim River at a military installation
near Bethel (fig. 1) produced water from beneath
permafrost 603 feet thick. Located on the older part
of the delta, which has been trenched by modern
streams, the well site (well 2) is about 175 feet above
mean sea level (fig. 2). According to Waller (1957,
p- 4) the area is underlain by clay, silt, sand, and some
gravel, and the deposits generally are coarser with
depth. Waller (1957) also reports that the deposits
of coarse sand and fine gravel penetrated in the drill-
ing of wells in and near Bethel are lenticular and
cannot be correlated from one well to another.

WELL DRILLING AND TESTING

The materials penetrated in drilling well 2, as re-
ported by the U.S. Army Engineers, Alaska District,
consist of interbedded sandy silt, silty fine sand, fine
sand, and pebbly sand (fig. 8). All these materials
are believed to be of deltaic origin. The depth to
which the deltaic deposits extend at the well site is
not known, but in the general vicinity of the well the
total thickness of the deltaic deposits ranges from 450
to nearly 1,000 feet (T. L. Péwé, oral communication,
1963). Permafrost at well 2 extends to a depth of 603

o 100 200 MILES

Ficure 1.—Map of Alaska, showing areas referred to in text.

feet. When the drill reached the base of permafrost,
a slurry of water, sand, and wood fragments surged
up the hole, filling it to within about 350 feet of the
surface. One fragment of wood, believed to have come
from just below the base of permafrost, has been dated
by the carbon-14 method as older than 34,000 years
(Ives and others, 1964, sample W-1287).

After well 2 had been drilled to a depth of 662 feet,
the interval between 626 and 651 was screened, the
hole was plugged back to the bottom of the screen,

U.S. GEOL. SURVEY PROF. PAPER 501-D, PAGES D144-D148
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Figure 2.—Map showing location of wells near Bethel, and cross section showing thickness of permafrost
(diagonal lines) in the area.

and the well was developed by surging and bailing.
Following the development of the well, the static water
level stood 136 feet below land surface. Because the
water level stood so high in the permafrost (more
than 450 feet), it was necessary to introduce about
114 gallons per minute of warmed water into the
well to prevent freezing. In early January a pump
having a capacity of 12 gpm was installed, and by
continuous pumping the water in the well was kept
from freezing.

Although the capacity of the pump was small, the
pump was used in making a preliminary test. After
the well had been pumped continuously for 64 hours
at a rate of 12 gpm, the water level stood at 146.7 feet
below land surface, or 10.7 feet below static level,
indicating a specific capacity of about 1 gpm per foot
of drawdown.

At intervals of 12, 24, and 36 hours after completion
of the preliminary test, the temperature of the water
in the well was measured at increments of depth from
the water surface to the base of the screen. A Whit-
ney underwater thermometer, rated accurate to within
0.1°F, was used to make the measurements. The three

sets of water temperatures were averaged and are pre-
sented on figure 3. The greatest deviation from the
average of the three temperature determinations at
any given depth was 0.1°F. The average temperature
of water opposite the permafrost zone was 31.8°F, but
the average of the three readings at the different
depths within this zone ranged from 31.8° to 31.9°F.
All temperatures below a depth of 605 feet were the
same on all three readings. The maximum water tem-
perature recorded was 33.2°F at a depth of 620 feet.
The presence of a solid casing rather than a screen at
this depth is not believed to have had any significant
effect in the temperature determinations.

The temperature at which water in the well would
freeze inward opposite the permafrost zone was not
determined. However, during construction of the well,
the water froze inward from the casing during the
night when drilling was not in progress. Collars of
ice, more than an inch thick, formed in the casing at
a depth of about 300 feet during the period between
midnight and 8 o’clock in the morning. After com-
pletion of drilling and development of the well, con-
vection currents between warmer water at the base
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of permafrost and the cold water above may have
kept the water from freezing inward during the period
in which the temperature measurements were made.
After the last set of temperature measurements were
made, warm water from storage was again introduced
into the well to prevent freezing.

About a week after the conclusion of the prelimi-
nary pumping test a larger pump was installed and a
second pumping test made. This test lasted only 10
hours because the electric water-level tape, used tp
measure depth to water, became entangled in the pump
column. A third and final test was begun 2 days
later, and pumping continued for 33 hours. During
this test the average rate of pumping was about 45
gpm and the drawdown was about 40 feet, again
indicating a specific capacity of about 1 gpm per foot
of drawdown.

DEPTH, IN FEET BELOW LAND SURFACE

GROUND WATER

PERMAFROST

In the immediate vicinity of Bethel the base of
permafrost is about 350 below sea level (Waller, 1957,
fig. 3). The greater thickness of the permafrost in
the vicinity of well 2 is probably due to the fact that
the ground surface at the site is about 150 feet higher
than at Bethel. Beneath rivers and old meanders,
and in areas where tributaries have flowed in com-
paratively recent times, the permafrost has partly
thawed from the surface downward, or has been re-
moved entirely by downward thawing. At the site of
well 1, about 1,500 feet south of well 2, permafrost
was reported at depths of from 22 to 42 feet and from
280 to at least 378 feet, where drilling was stopped.
The well was backfilled to 202 feet, and the zone be-
tween 192 and 202 feet was screened and developed.
According to Waller (1957, p. 5), the report of perma-
frost from 22 to 42 feet is questionable. Well 1isina
depression that is believed to have been the channel
of a fairly sizable stream which fed the Kuskokwim
River within comparatively recent times. This thawed
zone is shown on figure 1 between well 2 and the air-
port well. Elsewhere in the vicinity, permafrost ex-
tends from near ground surface to 350 to 425 feet
below sea level (fig. 2).

WATER QUALITY

Three water samples were collected from well 2 for
chemical analysis (see accompanying table). The
first of these samples was a bailer sample taken when
water and sand first entered the hole from a depth of
603 feet. The second was a bailer sample collected
about 8 hours after the conclusion of the preliminary -
pumping test. The third sample was collected about
1 hour before the conclusion of the final pumping test.
The analyses show that the well yields a bicarbonate
water in which calcium and magnesium are the pre-
dominant cations. The dissolved-solids content ranges
from 123 to 172 ppm.

Also included in the table are analyses of water
from well 1, from a 436-foot well at the Bethel airport
(fig. 2), from the Kuskokwim River upstream from
Bethel, and from the Yukon River. The analysis re-
ported for the Kuskokwim River represents an average
of 11 samples taken during 1962 at Crooked Creek,
about 145 miles northeast of Bethel, and the analysis
for the Yukon River represents an average of 12 sam-
ples taken during 1962 at Rampart, about 480 miles
northeast of Bethel.
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Chemical analyses of water from wells near Bethel and from the Yukon and Kuskokwim Rivers

[Mineral constituents in parts per million. Analyses by the Quality of Water Branch, U.S. Geological Survey, Palmer, Alaska]
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Yukon River at Rampart,
average of 12 analyses__ 1962| 6.7 .03|_.__| 32| 86| 2.6} 1.7 105/28. 0| 1. 1.1 132| 111} 25/ 219{ 8.0/ 25
Kuskokwim River at
Crooked Creek, aver-
age of 11 analyses_____ 1962| 8.5 .07|.___| 25 5.2/ 1.8 1.1 89(17.0 .5 103| 85 12| 181 7.8 15




FEULNER AND SCHUPP

Chemical analyses of water from wells near Bethel and from the Yukon and Kuskokwim Rivers

[Mineral constituents in parts per million. Analyses by the Quality of Water Branch, U.S. Geological Survey, Palmer, Alaska]
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-
- 2 rd:
3 £2 | 8| 3
g g g | 8 g3 is
Dateof | _ cla|l S|l s3I |=2lsla|l8]|%s 2|33
Source of water sample collection 3 _ % 1 5 ;5 g 2 8 Q &) Z o :6 2 g g—;
slgialalilald |8 5|22 |3 2% |2 5|2
s || 8|2 8|28 |5 |8 |8 8|8 885 |2 |58 |%882|_ |z
= o & 3 13 2 = = = = AT ] <) 2ER for} =]
a |l sj=2lolE®|ala|lBlad|j0 & |2 |4 © | Z |a a | ©
Well 2, 651 feet deep:
Bailer sample from
depth of 603 feet,
before completion of
well___________..._. 11/27/62(21. 0{0. 03|____| 23{15. 0{12. 0| 5. 3| 157| 7.0[11. 0{ 0.0} 0.3 172 118|____| 273 8. 0|.___
Bailer sample 8 hours
after end of first
pumping test_ . __.__ 1/21/63| 9. 8 . 05{0. 33| 23| 8.3 4.0 2. 2| 128| 3. 0| 4. .1 .3 123} 105|___. 206 7.8 10
Pump sample near
end of third pump-~
ing test_ . ... .__ 1/31/63{24. 01 . 05{____| 19{13.0| 3.7 2. 2| 123; 1. 0} 4 .0 .3 127| 100{.... 189| 8. 0[.___
Well 1) 202 feet deep,
1,500 feet south of
well 2. _________. 12/29/60(34. 0| . 87| .35 35| 4. 8| 3.8 1.1 138| 4. 0| 4. .0 .0 155 108|____| 216{ 7.1 20
Airport well, 436 feet
deep, 2.8 miles west of
Bethel - .. __________ 6/ 9/58i25. 0 .31} . 02| 25 7.4 4. 4 1.2 116] 3. 5 3. .0 .0 127) 98|__._] 204] 6.0.___
Yukon River at Rampart,
average of 12 analyses__ 1962 6.7 .03j_.._| 32| 86| 2.6 1.7 105/28. 0| 1. 111 132 111} 25 219 8. 0] 25
Kuskokwim River at
Crooked Creek, aver-
age of 11 analyses___._._ 1962 8.5 .07|._._| 25 5.2| L § L 89(17. 0 .2/ .5 103 85/ 12| 181/ 7.8 15




