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ABSTKACT

We propose that an interconnected systen of
late Tertiary tu (Q(uaternary rifts and transforn
faults may extend 25C km across the central Seward
Peninsula. This concept may provide a useful wmodel
for future geothermal exploration of the area.

InTROUUCTION

vuring our 1979 geothermnal eneryy resource
investigations at Pilgrim Springs, Alaska, (Fig-
ure 1) we developed cthe hypothesis that these hot
springs were associated with tensional tectonics
and active rifting. Ve also pronosed that the
low-1ying region extending from the Imuruk Basin
through the Kuzitrin valley to the Liuruk 1lava
field represents an incipient rift through the
Seward peninsula {(Turner and Forbes, 1Ys0}. In
July 1980, we conducted a geological and geophys-
jcal reconnaissance of the central Seward Pen-
insula, designed to test the rift hypothesis and
to provide information on the regional geothermal
energy potential of the area.

REG1OHAL GEOLOGY AHD GEUPHYSICS

Figure 1 shows the generalized geology of the
Seward Feninsula as modified from Hudson (1977).
The figure 1is designed to emphasize the distribu-
tion of basaltic lava fields and vents, Yuaternary
basins, and selected faults believed to be related
to the proposed rift model.

A considerable vody of geologic and genphysi-
cal evidence indicates that the Imuruk Basin-Pil-
grim giver valley (Figure 1) represents a graben
or half graben structure. The Kigluaik Fault (Fig-
ure 1} is a major normal fault with displace-
ment consistently down to the north. The fault
marks-the northern boundary of the Kigluaik Houn-
tains and separates these mountains from the low-
lands of the Imuruk basin and Pilgrim kiver val-
ley. Surficial mapping by Kline et al. (1980)
suggests that relatively rapic subsidence has been
occurring in the Pilgrim River valley.

Seismic studies in the Pilgrim River valley
have shown that crystalline baseiment of the val-
ley floor is about 40U wm beneath Pilgrim Springs
(Turner and Forbes, 1980). The total throw of the
Kigtuaik Fault is therefore at least 400 m. A
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resistivity survey
(Turner ana Forpes, 1950) are consistent with the

gravity survey and.a deep
results of the seismic refraction study, although
they cannot 1n themselves provide precise depths

to basement.

Althoughi there is nu evidence of volcanic
activity in the lmuruk Basin-Pilgrim River Valley
region (Figure 1), the 1.5 kn¢ cgeothermal anonaly

at Pilgrim oprings ang a seconu area of thawed
ground about 3 ki northeast are indicative of
high heat ftlow in at least part of this region

(Turner and Forbes, 198U).

The Imuruk Leke-nuzitrin diver lowland is a
30 km-wide, valley extending 100 km northeast fronm
the ¢frecaubrian ovdsement hiuh cut by the ruzitrin
river to about 25 km northeast of I@auruk Lake
(Figure 1). e have mapped a fault extenaing
northeast about U kir neer the scuthern vorder of
the lowlanu and nawed tuis fault the Kuzitrin
Fault (Figure 1). The fault cuts Precambrian base-
ment rocks along the northern froat of the Bendele-
ben tiountains. bisplaceient 1is consistently down
to the north. Glacial moraines are not oresent
along the fault trace, hut the fault has produced
a scarp in colluvium north of iit. Bendeleben,
indicating Quaternary activity.

To the north of the Kuzitrin River lowland, &
series of strikingly linear, northeast-trending
parallel strean valleys are evident on landsat
imagery and on the topographic maps of the area.
Five of these Ttineanents are shown in Ficure 1,
Although they have not previously been mapped as
faults (Sainspury, 19/4), their strony alignment,
their parallelism to the Kiyluaik fault and the
fact that they border the Quaternary structural
basin of the Imuruk Lake-kuzitrin River lowland
(nopkins, 1903}, suggest trat tnese lineanents way
represent en-echelon normal faults bordering a
major ygraben.

anu eastern parts of the Imuruk
Lake-Kuzitrin river lowland are covered by the
extensive alkali and tholeiitic basalt flows of
the Imuruk Lake Tava plateau (Figure 1). iopkins

ihe central

{1963) mapped these volcanics and distinguished
five volcanic units.

Alkali olivine basalt 1is the most common
bulk composition in the Imuruk lava field, but
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sowe tholeiitic basalt is also present. The lava
flows are relatively thin (3-20 m) compared to
their large lateral extent (up to 35 km in
length). Figure 1 shows the distribution of vol-
canic vents on the Seward Peninsula from. Hopkins
(1963) work. Near Imuruk Lake the vents form north-
west-trending swvarms parallel to observed surface
faults. A series of vents and extensive flows
also extend east and scutheast along tie Royuk
River valley. The abrupt offset of this valley to
the south (Figure 1) suggests the presence of a
major fault.

Hopkins (1903) has shown that faults in the
.northwest-trending system shown 1in Fiqure 1 de-
Tineate a broaa graben occupied hy Imuruk Lake.
The faults cut the Imuruk and Gosling flows, but
do not cut the Camille or Lost Jia flows, suggest-
ing that the faults were active until late iiscon-
sin tine but may not have been active during the
Tast 10-15,000 years. topkins (19G3) also postu-
lated a structural trench in the Koyuk HKiver Val-
ley and on the site of the Kuritrin flats (Figure
1).

RIFT HMUDEL
We propose that a complex continental rift

systew, shown in Figure 2 may be responsible for
struc-

the fullowing late-Tertiaryv-to-Quaternary

tural, tectonic, and volcanic features of the

central Seward Peninsulad:

(1) Hortih-south extension dna graben structures
in the Imuruk Basin-Pilgrim River valley and
Imuruk Lake-huzitrin  River Lowland basins
and in the Koyuk trench.

(2) Lxtensive outpourings of basalt lavas of the
Imuruk Lake lava plateau and Koyuk River
valley.

(3) Lorthwest aligmnent of volcanic vents and
normal faults in the lmuruk Lava plateau and
Koyuk diver valley.

(4) The high level of seismnicity in the central
Seward Peninsula {Biswas et al., 1950).

(5) The presence of the Pilgrin Springs geother-

mal area and other evidence of anonalously
high neat flow in the Pilgriin River valley.

The above evidence 1is consistent with the
existence of rift segments &, C, v and £ shown
in Figure 3. We propose that these rift segments
are offset by transform faults (Figure 2). Re-
sults of swmall scale (1:65,000) geologic mapping
along the proposed offset between segments b and
C show a lack of lithologic and structural contin-
uity across the proposed transform boundary and an
apparent offset of about 1 ka.

Marine seismic reflection work (Grim and
McHanus, 1970; dopkins et al., 1974, Johnson and
nolmas, 1977) shows & wajor rift structure trend-
ing westward from rort Clarence under the Bering
Sea. The 60 ki-long valley located about 15 ki
north of Teller (Figures 1 and Z) may be the on-
shore continuation of this rift system, named the
Port Clarence wift by iopkins et al. (1974). The
valley is filled with Quaternary sediments and
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cuntdins extensive basalt flows of Quaternary to
late Tertiary age (sainsoury, 197¢; dopkins et
al., 1974). basalt samples from this area are
alkalic and show features, incluuing ultranafic
inclusions, similar to the Imuruk Lake basalts.
K-Ar ages of these basalts ere 2.5-£.9 w.y., sui-
lar to the ages obtainea from the basalts of the
Inuruk foraation.

Having proposea tne existence of rift segnent
A in Figure 2, we make two additional speculations:
1. the eastern end of segrent A is connected to
the western end of rift segment B by means
of a north-soutn-trenaing transform fault, as
shown in Figure 2.
The western end or segent A is cuonnected  to
the Port Clarence Jift by means of a north-
south-trending transforw fault exteroing fron
tile western edge of the basalt field southward
tu the Port Clarence 1Tt (Figure 2).

HeL1UH SOIL GAS SURVEY

rnelium concentratiuns in soil gas were ea-
sured along five traverses across proposed rift
seguents A, B, ¢ and v (Figure 2} dnd at various
locations in the Pilgrim Valley. nelium, which is
produced by the raainactive decay of the uranium
and thoriwa series, has been shown to be a useful
indicator of geotherrial  resources (bergaquist,
1979). The normal atmospheric He content is 5.24
ppla, and our couercidl analysis has a precision
of = 0.01 ppa.

Figure 3 is a map of the Seward Peniusula
shoviing the locations of sarpling sites and he-
Tium anomalies greater than 5.4 ppm. Signifi-

cant heliwm anomalies on all traverses which occur

only within 10 km of the center of the proposed rift
segments with the exception of two small anomalies
at the north end of the Imuruk traverse. The lar-
gest anomalies were in the Pilgrim Valley near the

Pilgrim Springs KuRA, but large anomalies were
also found on the liurug ana Agiapuk traverses.
These wdarrant more detailed exploration for geo-

thermal resources.

SUiiHARY AHD COLCLUSTONS

Ve propose tne complex continental rift wodel
shown in Figure ¢ as an explanation for wmany of
the late Tertiary-to-vud.eriary topographic, struc-
tural, tectunic and volcanic features of the cen-
tral Seward Peninsula, and for the rift structure
offshore in the Bering Sea. Although sowe features
of the model are highly speculative, we believe
that the body of geological and geophysical evi-
dence consistent with the model is sufficient to
support tne model as a working hypothesis to be
tested by future field work. He anomalies are
localized at or near segutents of the proposed
rift, suggesting the presence of abnormally high
heat flow.

The model iumplies that the central Seward
Peninsula is spreading apart in a north-south di-
rection. He have not yet been able to do geo-
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logic mapping at tne eastern end of the proposed
ritt system and the eastern termination of the
rift system is purely speculative, based on the
limited geologic data base for the area.

We have not discussed the extensive basalt
fields in two northsouth-trending valleys in the
northeast corner of the peninsula or the large
basaltic field west of Cape Lspenberg (Figure 2).
Following the ritt wmodel, 1t is perhaps possible
that the basalts in the two north-south-trending
valleys could represent flows from leaky transfuri
faults parallel to the proposed transforms of the
nodel..

The possible existence of a major rift systen
extending 250 km across the Seward Peninsula is of
major significance for regivhal geothermal energy
resource assessment. The proposed rift segments
should, in yeneral, be areas of higher heat flow
than their surrounding regions. The proposed rift
systam should be considerea as an exploration nodel
for future geothermal studies on the Seward Penin-
sula.
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Generalizea geoloygy of the Seward Peninsula showing cvistribution of basaltic lava fields
(QTb), vents (dots), Quaternary basins ({) and selected faults.
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Figure 2. Uiagram of proposed rift wodel for the central Seward Peninsula. The graben structure
offshore (PCR)} is the Port Clarence kift (hopkins et al., 1974) Geology generalized
from udson {1977). See text for discussion.

Figure 3. Station locations of helium soil samples on five traverses across proposed rift sections
A-u, and significant anomalies. )
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