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The United States Geological Survey in Alaska:

Accomplishments during 1979

Nairn R. D. Albert and Travis Hudson, Editors

ABSTRACT

United States Geological Survey projects in Alaska cover a
wide rroge of topics of economic and scientific interest. Ac-
complishments during 1979 include contributions to economic,
regional, cnvironmental, marine, and engiveering geology and
to geochronology. paleontology, geophysics. stratigraphy. and
hydrology. Many maps and reports covering various aspects of
the geology and mineral and water resources of the State were
publisbed in 1979.

SUMMARY OF IMPORTANT RESULTS
INTRODUCTION

Significant new scientific and economic geologic
information has resulted from many topical and
field investigations of the U.S. Geological Survey
in Alaska during 1979. Discussions of the findings
or, in some instances, narratives of the course of
the investigations are grouped m eight subdivi-
sions corresponding to the six major onshore
geographic regions (fig. 1), the offshore projects,
and one project that is statewide in scope.

STATEWIDE PROJECT

Landsat data interpretation in the south-central Brooks
Range and in southeastern Alaska
By James R. Le Compte and Wm. Clinton Steele

Landsat images of numerous 1:250,000-scale
quadrangles were studied during 1979 as part of
the Alaska Mineral Resources Assessment Pro-
gram (AMRAP) (see Reed, 1980). Of these
studies, Landsat data from the Survey Pass quad-
rangle region in the south-central Brooks Range
and the Bradfield Canal, Petersburg, and Ketchi-
kan quadrangles region in southeastern Alaska
show the most promising geologic and mineralog-
ical correlations.

Previous Landsat investigations in other areas
of Alaska {Albert and Steele, 1976, 1978; Steele
and Albert, 1978) have demonstrated a good cor-
relation between Landsat-observed circular fea-
tures and exposed intrusive bodies. Numerous

BI

similar circular features have been observed on
imagery of the Survey Pass quadrangle and adja-
cent areas (Le Compte, 1980); these features
range from about 10 to 50 km in diameter and are
defined by numerous semi-concentric, arcuate to-
pographic features such as broad valley bottoms,
narrow canyon troughs, and ridgelines.

Circular features spatially coincide with nearly
the entire outcrop area of each of the major gran-
itic masses exposed in the region (Le Compte,
1980): the Arrigetch and Igikpak plutons (Nelson
and Grybeck, 1980) in the central part of the Sur-
vey Pass quadrangle; the Shishakshinovik pluton
(Alaska Division of Geological and Geophysical
Surveys, 1974) in-the easternmost part of the
Ambler River quadrangle; and the Ernie Lake plu-
ton (Nelson and Grybeck, 1980) in the west-
ernmost part of the Wiseman and easternmost
part of the Survey Pass quadrangles.

In addition to these pluton-coincident circular
features, however, several other circular features
are present in the Survey Pass quadrangle that do
not enclose exposed granitic rocks. Three of these
features, near Shulakpachak Peak, the Nigu
River, and Platean Mountain, in the northern part
of the quadrangle, are particularly noteworthy.
Donald Grybeck (oral commun., 1979) and John
Cathrall (oral commun., 1980) interpret the oc-
currence of numerous vein-type mineral deposits
{principally Cu, Pb, Zn, and Ag) (Grybeck and
Nelson, 1980) and anomalous geochemical values
(principally La, Th, Be, and Sn) (J. B. Cathrall,
unpub. data) in these areas as indicative of
plutonic bodies at depth. The occurrence of circu-
lar features encompassing these same mineral
deposits and geochemically anomalous locales
may be additional evidence for the presence of
these plutonic bodies.

[n the Bradfield Canal, Petersburg, and Ketchi-
kan quadrangles region, intersections of numer-
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FIGURE1.—Regions of Alaska discussed in this report { shaded).

ous lineament “zones” (J. R. Le Compte, unpub.
data) (the term “zone” is herein defined as a
group of alined or pearly alined, well-defined
lineaments that includes nearby parallel linea-
ments) observed on Landsat imagery coincide
with sites of significant porphyry molybdenum
raineralization (Hudson and others, 1979; R. L. El-
liott, oral commun., 1980; D. A. Brew, oral com-
mun., 1980). Raines (1978) has noted a similar
spatial coincidence between sites of important
porphyry copper mineralization and the intersec-
tions of northeast-trending lineaments (“shear
zones”) and north-northwest-trending lineaments
in northern Sonora, Mexico.

Porphyry molybdenum mineralization in this
southeastern region of Alaska is associated with
relatively small granitic masses ( stocks and sills)
of middle to late Tertiary age (Hudson and others,

B2 ACCOMPLISHMENTS DURING 1979

1979). Mo-bearing granite and quartz porphyry
bodies, which spatially coincide with the intersec-
tions of well-developed, northeast-and east-
trending lineament zones, are exposed at Quartz
Hill and Burroughs Bay (Elliott and others, 1978)
in the Ketchikan quadrangle and at Groundhog
Basin (Twenhofel and others, 1946) in the
Petersburg quadrangle. Although vein-type
molybdenum mineralization present at Walker
Cove, in the central part of the Ketchikan quad-
rangle, is not known to be associated with a mid-
dle to late Tertiary granitic body (Elliott and
others, 1978), it is coincident with a lineament
zone intersection (J. R. Le Compte, unpub. data).
The occurrence of this intersection with the
molybdenum mineralization suggests that an un-
detected middle to late Tertiary granitic intrusive
body may be present (either at depth or as yet

-



FIGURE 2.—Computer-enhanced Landsst image masaic of the
Survey Pass quadrangle region, south-central Brooks
Range. Images vsed for computer enhancement are
scenes 1758-21195 and 1758-21201, taken August 20, 1974
(Band 7). Dark lines show Survey Pass quadrangle boun-
daries. Computer-compatible types were processed by Pat
S. Chavez, Jr., Teresa E. Grow. and Linda Sowers. U.S.
Guological Survey. Flagstaff, Arizona.

unrecognized at the surface) at this Jocality and
may be the source of the molybdenum.

Similar intersections that encompass neither
known molybdenum deposits or occurrences nor
known, exposed middle to late Tertiary granitic
intrusive bodies are noted elsewhere within this
region (J. R. Le Compte, unpub. data) and may
warrant further field investigations regarding
their geologic and mineralogical significance.
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National Petroleum Reserve in Alaska—data release
By Robert D. Carter

The Geological Survey in 1979 continued the
policy of timely release of data generated by the
petrolevm assessment program in the National
Petroleum Reserve in Alaska (NPRA). The Jogs
and histories of the six wells completed during
the 1877-78 drilling season. all the seismic infor-
mation gathered from 1972 through t977, and a
summary interpretive report on the seismic data
were made available to the public through the En-
vironmental Data Service of the National Oceanic
and Atmospberic Administration (NOAA), Boul-
der, Colorado.

Duwring the past year, the Geological Survey has
delivered additional material to NOAA for proces-
sing and release in 1980. Included are the seismic
reflection data gathered in the summer of 1977
and the winter of 1978, an aerial gamma-ray and
magnetic survey, a summary geologic report, logs
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and histories of five wells completed in 1979,
paleontological data on all completed wells, and
four reports pertaining to the Barrow area.

A policy was initiated in May to provide infor-
mation expeditiously on the test wells currently
being drilled in NPRA. Geological Survey NPRA
offices in Anchorage and Menlo Park now provide
a weekly summary of each of these wells. The dril-
ling depth, status, test and core data, and forma-
tion tops are available by telephone and copies of
the logs are obtainable locally. These preliminary
data. available prior to the more comprehensive
NOAA releases, are usefu] to those involved in
evaluating nearby lease sales, to scientists in-
terested in geologic problems in the area, and to
all those concerned with arctic problems and
North Slope management.

Depositional history of the Nanushuk Group and related strata
By C. M. Molenaar

The Nanushuk Group of Albian to Cenomanian
(Early and Late Cretaceous) age is a passive-
margin deltaic deposit that crops out in the
Northern Foothills and is present in much of the
subsurface in the western and central Arctic
Siope. Most of the previous stratigraphic studies
of the Nanushuk group have been based on data
obtained from outcrops; however, subsurface
data acquired since 1974 have provided an excel-
tent opportunity to study the Nanushuk and re-
lated strata in the subsurface. Subsurface data
are provided by more than 40 well penetrations
(18 since 1975) in and adjacent to National Pet-
roleum Reserve in Alaska (NPRA) and a10- to 20-
ki grid of seismic lines over much of NPRA. By
uging seismic data and extrapolating strati-
graphic data from previous outcrop studies
(Chapman and Sable, 1960; Detterman and
others, 1963; Chapman and others, 1964 ; Brosgé
and Wittington, 1966; Ahlbrandt and others, 1979;
A. C. Huffman, unpub. data), widely spaced wells
throughout the area have been correlated with a
fair degree of confidence. These correlations and
the integration of outcrop and subsurface data
enable the interpretations of the basin geometry
and depositional history of the Nanushuk Group
and related strata that are summarized below.

The Nanushuk Group is at least 3,444 m thick in
outcrops at Corwin Bluff (Smiley.1969) along the
Chukchi Sea on the west to a pinchout edge in the
area of the present Colville delta on the east side
of NPRA (fig. 3). The lower part of the Nanushuk
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consists of a thick sequence of intertonguing shal-
low marine sandstone and neritic shale and
siltstone that grades seaward into the Torok For-
mation (Early Cretaceous), which consists of
prodelta shale and siltstone with some deep-water
sandstone or turbidites. The upper part of the
Nanushuk consists of a dominantly nonmarine
facies of paludal shale, coal, and fluvial sandstone
that grades seaward into the marine facies. Figure
3 shows the stratigraphic relations of these facies
and formations in the eastern part of NPRA.

On seismic sections, the Nanpushuk Group is
represented by topset reflectors {alluvial-delta
plain and marine shelf) that can be traced sea-
ward to foreset (basin slope) and bottomset (ba-
sin floor) reflectors of the Torok Formation (fig.
4) (Bird and Andrews, 1979). Thus parts of the
Nanushuk and the Torok are coeval over most of
the area (figs. 3 and 4). The directions of deposi-
tional dip of the foreset bedding and the
Nanushuk facies patterns indicate that Nanushuk
and Torok units prograded across the Colville
basin toward the east-northeast (Bird and An-
drews, 1979). This progradation suggests a major
source to the southwest in the present Chukchi
Sea area. Another source area in the ancestral
Brooks Range to the south is indicated by surface
gtudies southeast of NPRA (Ahlbrandt and
others, 1979). This southern-source delta (called
the Umiat delta) did not control the direction of
progradation except along the south side of the
basin. I interpret this limited northward progra-
dation to be the result of greater subsidence and
deeper water on the south side of the basin and
dominance of the western delta complex (the
Corwin delta). However, sand from the Umiat
delta is further interpreted as having contributed
to the east-northeasterly prograding system,
probably by longshore drift, when the wide pro-
delta shelf of the easterly prograding delta was
juxtaposed with the southern delta.

In prograding east-northeastward across the
basin, the base of the Nanushuk rises strati-
graphically in response to basin subsidence and
(or) sea level rise. Between the Tunalik well on
the west side of NPRA to the Atigaru Point well on
the east, a distance of 350 km, the total incre-
mental stratigraphic rise is about 2,100 m. The
basin slope angle, as indicated by the foreset beds
and calculated with respect to topset (shelf) beds,
ranges from less than 2° in the west to as much
as 6° in the eastern part of NPRA. Allowing for
compaction, the original slope angle was



slightly steeper than these figures indicate. Calcu-
lations of the relief between topset and bottomset
(basinal) beds, which are approximations of
water depths in the basin less post-topset com-
paction, indicate depths ranging from 450 to 900
m. Furthermore, in the progradational process,
the western delta constructed a prodelta shelf be-
tween 75 and 150 km wide. The shelf break is ab-
rupt, as indicated on seismic lines (fig. 4), and
rises stratigraphically in response to sea level rise
(or basin subsidence) as it progrades east-
northeastward across the basin.

Bottomset beds of the Torok Formation dowrnlap
outo or near the pebble shale unit, a distinctive
basal Cretaceous (Neocomian) transgressive unit
in northern NPRA. Inasmuch as these bottomset
beds can be traced seismically to correlate with
Nanushuk beds to the west, the thin interval of
Torok between the bottomset beds and the pebble
shale unit is a condensed or nondepositional zoue
representing part of Neocomian, all of Aptian,
and part of Albian time (fig.3). This starved dep-

period when the deeper part of the Colville basin
to the south received all the sediment being de-
rived from the south and southwest after deposi-
tion of the pebble shale unit. Not until the latest
stages of the Nanushuk-Torok depositional cycle
did the Colville basin fill enough for sediment to
reach the northern part of NPRA.

The same progradational, downlapping deposi-
tional pattern continues in younger strata to the
east and northeast of NPRA. Turonian-age shales
of the Colville Group. which overlie the Nanushuk
in the eastern part of NPRA. lap down onto or
near the pebble shale unit in the Prudhoe Bay
area 1)00 km to the east (Bird and Andrews, 1979,
p.35).
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Compositional variation in sandstones of the Nanushuk Group,
Arctic North Sope

By Susan Bartsch-Winkler and A. C. Huffman

The Nanushuk Group, of Albian to Cenomanian
(Early and Late Cretaceous) age, is a transitional
unit containing deltaic, interdeltaic, and shallow
marine sequences that crop out in the western
and central foothills belt of the Aretic North
Slope. Sandstones collected from eight measured
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sections (fig. 5) in the Nanushuk Group were
examined for compositional differences in order
to verify and expand previous preliminary petro-
graphic observations ( Bartsch-Winkler, 1979, un-
pub. data; Huffman. 1979). Results of the 139
modal analyses discussed here are shown in figure
6. The entire suite of sandstones is classified as
litharenite and feldspathic litharenite when plot-
ted on a Q-L-F ternary diagram (Folk, and others
1970)(fig. 64).

Two depositional lobes (western and eastern)
can be distinguished by variations in the lithic
component of the sandstone modal analyses (fig.
6B). This conclusion is supported by facies
analyses (Ahltbrandt, 1979; Huffman, unpub.
data) as well as paleontologic data (Fred May,
oral commun., 1979). Sandstones from the Bar-
bara syncline, Corwin Bluff, Tupikchak Mountain,
and Carbon Creek sections in the western lobe
show a greater proportion of sedimentary lithic
component, especially calcareous and argilla-
ceous/carbonaceous grains, and thus are
sedimentary litharenites, according to Folk, An-
drews, and Lewis (1970). In contrast, sandstones
from the Tuktu Bluff, Kurupa anticline, Arc
Mountain, and Marmot syncline sections in the
eastern lobe contain more volcanic lithic grains

1640 160¢

(particularly quartzite and folialed quartz-mica)
and metamorphic lithic grains. These sandstones
are predominantly phyllarenite, although some
samples may be categorized as sedimentary
litharenite and volcanic litharenite.

Sources for the sandstones of the Nanushuk
Group must have differed for the two lobes. The
greater amounts of calcareous and argillaceous
material found in the western Jobe were derived
predominantly from the Lisburne Group, the
Shublik Formation, and the Siksikpuk Formation
(Huffman, 1979; Bartsch-Wiokler. 1979). Mate-
rial found in the eastern lobe probably was shed
from the Endicott Group, consisting of the Upper
Devonian Hunt Fork Shale and Kanayut Conglom-
erate and the Lower Mississippian Kayak Shale.
The greater proportion of quartzose and
metamorphic lithic debris in the eastern tobe was
derived from the Endicott Group (Bartsch-
Winkler, unpub. data).
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stones from the Nanushuk Group, western North Slope,
Adaska. in Ahlbrandt, T. S., ed., Preliminary geologic. pet-
rologic, and paleontologic results of the study of the
Nanushuk Group rocks, North Slope, Alaska:
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Minimum age of beach deposits north of Teshekpuk Lake, Alas-
kan Arctic Coastal Plain
By L. David Carter and Stephen W. Robinson

Radiocarbon dating of organic materials within
and overlying beach deposits exposed in bluffs
along the north side of Teshekpuk Lake (fig. 7)
indicate that the beach deposits were formed
more than 51,000 years ago. These are the
youngest beach deposits identifiable between
Teshekpuk Lake and the modern coast. They are
overlain by deposits that are interpreted here as
deltaic in origin and that are either approximately
the same age as the beach deposits or are consid-
erably younger and represent a separate trans-
gressive event.

Bluffs along the north side of Teshekpuk Lake
are as much as 12 m high and, from the base up-
ward, typically consist of 0.3 to 2.5 m of clay
(unit1), 3.5 to 6.0 m of sand and pods of gravelly
sand (unit 2), 3.5 m of silty very fine sand to
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sandy silt (unit 3), and1 to 2 m of peat. The clay
(unit 1) is massive, dark gray, and plastic. The
sand and gravelly sand of unit 2 are fossiliferous
and distinctly crossbedded and commonly contain
highly abraided detrital wood. some of the
driftwooad is as much as 25 ¢m in diameter. Unit 3
is generally massive in appearance but in places
contains a few pebble lenges from 5 to 10 em
thick. A 3- to 8-cm-thick horizon containing mac-
erated fine- to medium-grained detrital peat
commonly occurs at the base of unit 3, and simi-
lar horizons are present in the lower 2 m. The
upper 1 m of the unit contains lumps of peat pre-
sumably incorporated by thaw lake activity.

Units1 and 2 are identifiable as marine deposits
because they contain abundant marine foraminif-
ers and ostracodes. Unit 2 also contains the shells
of marine mollusks and some sea mammal re-
mains. the molluscan assemblage indicates a
nearshore environment.

Unit 3 lacks marine megafossils and driftwood.
In samples examined for microfossils, foraminif-
ers, marine and nonmarine ostracodes, seeds,
plant fragments, insect parts, and Daphnia ephip-
pia were found. On the basis of the presence of
both marine and nonmarine fossils and its fine-
grained texture, unit 3 is interpreted as a deltaic
facies.

The pods of gravelly sand of unit 2 at Teshekpuk
Lake can be traced eastward to Harrison Bay and
westward to near Barrow (fig. 7; Williams and
others, 1978). The linear distribution of the
gravelly sand, together with the driftwood and
shallow water molluscan fauna, demonstrates that
unit 2 is a beach deposit. The base of unit 2 at
Teshekpuk lake ranges from 1.8 to 4.0 m above
sea level, and the top is as high as 8 m.

A driftwood log collected from the beach de-
posits has been radiocarbou dated as greater than
44,000 years old (USGS-360). Furthermore, de-
trital peat from the base of the overlying deltaic
deposits yielded a radiocarbon date of >51,000
years (USGS-676). Therefore. the beach deposits
are more than 51,000 years old.

Sediments north of these beach deposits are
predominantly marine mud. and marine and allu-
vial sand occurs to the south. The beach and del-
taic deposits at Teshekpuk Lake and the marine
mud to the north may be equivalent in age and
may constitute the youngest marine deposits on
this part of the coastal plain. However, Sellmann
and Brown (1973) proposed that the youngest of
the marine transgressions of the Arctic Coastal

Plain occurred during middle Wisconsinan time
and extended to a few kilometers south of Teshek-
puk Lake. Their age estimate is based on
radiocarbon dates of organic materials in marine
deposits near Barrow that range from
25,300+2,300 (1-1384)to >44,000 (W-2676). If
the deltaic deposits of unit 3 prove to be consid-
erably younger than the beach deposits, then unit
3 may represent the transgression proposed by
Sellmann and Brown (1973).
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Paleoenvironments during deposition of a xection of the Gubik
Formation exposed along the lower Colville River, North Stope

By R. E. Nelson

Palynological investigations have been com-
pleted for a section of the Gubik formation ex-
posed along the Colville River near QOcean Point
(fig. 8), 2.3 km upstream from the Big Bend
benchmark in the Harrison Bay A—3 quadrangle.
The age and fauna of these strata are discussed by
Carter and others (1977). This report presents the
interpretations of regional paleoenvironments
based on pollen analysis of the sedimentary de-
posits. Details of the study, including pollen dia-
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grams, have been reported elsewhere (Nelson,
1979).

The Gubik Formation at the Ocean Point locality
consists of 16 w of marine and nonmarine sedi-
ments that unconformably overlie strata of con-
siderably greater age (fig. 9). Although fission-
track dating of an ash within these older beds in-
dicated an age of Eocene (Carter and others,
1977), recent work on pollen floras indicates an
age of Maestrichtian to Danian (J. A. Wolfe, oral
commun., 1979). These strata are labeled “Da-
nian” in figure 9.

Pollen from the marine strata of the Gubik at
this locality indicate that a forest dominated by
spruce and tree birch occupied the North Slope
during deposition of the sediments. Hardwoods
and hemlocks were not present in the forest, and
pines and true firs were rare. The overall envi-
ronment suggested by the pollen analysis is one
similar to that of present-day Anchorage.

On the basis of the present knowledge of the
evolution of the Alaskan flora (Péwé, 1975), the
flora in the marine strata is almost certainly con-
siderably older than the early Pleistocene flora at
Cape Deceit (Matthews, 1974; fig. 8), where

Modern tundra surlace
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tundra was recorded, but not as old as the 5.7
m.y. Lava Camp flora of Seward Peninsula {( Hop-
kins and others, 1971; fig. 8). The Lava Camp
flora. consisting of pollen and plant macrofossils,
indicates a rich coniferous forest including at
least 10 species of conifers. The Gubik marine pol-
len record at the Ocean Point site agrees well with
Repenning's suggested age of 2-3 m.y. for this
unit on the basis of sea otter remaing ( Carter and
others, 1977, p. BL3).

Comparison of the present-day climatic envi-
ronment of the North Slope with that of modern
Anchorage suggests that mean annual tempera-
ture has decreased ahout 12°C, and mean July
temperatures 3°-5°C, bétween the late Pliocene
and the present day. Precipitation probably has
also decreased, perhaps by as much as 50 per-
cent. Similarities between the climate of modern
Anchorage and the inferred climate of the North
Slope during deposition of the marine beds
suggest that the Arctic Ocean was largely free of
ice In the late Pliocene, and permafrost, if pre-
gent, was digcontinuous and probably limited to
north-facing slopes.

Pollen spectra from fluvial strata overlying the
marine beds indicate tundra conditions that were,
for the most part, harsher than those of the pre-
sent day at inland North Slope sites. Woody taxa
were rare during deposition of the fluvial beds,
and the overall character of the North Slope vege-
tation was probably similar to that of the Barrow
area today. Au increase in alder and birch pollen
percentages in midsection to values higher than
those of the present Ocean Point environment
may represent an interstadial or interglacial
warming. The bulk of these sediments, however,
appear to have been deposited during a time of
glaciation in the Brooks Range to the south.

The strongly glacial character of the pollen
spectra from the nonmarine beds suggests that
the uncontformity between the marine and non-
marine strata of the Gubik Formation may repre-
sent a considerable hiatus (fig. 9). It is impossi-
ble to assign an age to these strata on the basis of
the pollen, since pollen spectra from any glacial
period are much like those from any other glacial
period in the same region. On the basis of the pol-
len analysis and unpublished field studies by L. D.
Carter, it seems most likely that these beds are of
early or middle Pleistocene age.

The nearest locality to Ocean Point where mod-
ern climatic records are available is Umiat. Com-
paring this record to the one for Barrow suggests




that early or middle Pleistocene glacial tempera-
tures may have been as much as 6°-8°C cooler in
July than they are today. Mean abnual tempera-
tures may have been comparably depressed, al-
though this cannot be determined by the pollen
studies. Relative abundances of the pollen of
grasses, sage, and chenopods are greater in the
fluvia) strata than in modern Colville River sedi-
maent and suggest that the paleoenvironment dur-
ing the deposition of these beds was more arid
than that of the present day.
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New stratigraphic assignment for rocks ulong Ygilarvik (Sabbarh)
Creek, William O. Douglas Arctic Wildlife Range. Alaska
By Robent L. Detterman and Robert A. Spicer'

New age data have been obtained over the past
few years on a 3,322-m-thick section of non-
marine clastic rocks exposed for 9 km along Sab-
bath Creek, a tributary of the Jago River, in the
northern part of the William O. Douglas Arctic
Wildlife Range (fig. 10). These rocks in the Arctic
Coastal Plain have an important bearing on the
petroleum potential not only of the William O.
Douglas Arctic Wildlife Range, but also of the
offshore Beaufort Sea area.

leperial college, London. Englnod.

The rocks in the Sabbath Creek section, first
measured in 1971, were assigned by Detterman
and others (1975) to the Bathtub Graywacke and
Nanushuk Group. At that time no definitive fossil
data were obtained. The rocks are barren of
megafaunal remains but contain abundant plant
scraps. These fossils were not identifiable, how-
ever, and results of the analyses of numerous
samples for pollen were inconclusive. Lithologi-
cally, the rocks seemed to be more closely related
to the Lower Cretaceous Bathtub Graywacke and
Lower and Upper Cretaceous Nanushuk Group
than to the Upper Cretaceous and Tertiary rocks
of northern Alaska because they lack pyroclastic
material either as discrete beds or as matrix and
detrital components. All previously known Upper
Cretaceous and Tertiary sequences in Northern
Alaska, some of which are exposed within 15 km
of the Sabbath Creek section, contain pyroclastic
material.

In 1978 an intensive search was made for identi-
fiable fossil materia)l in beds known to contain
abundant plant debris. Three collections of
broad-leaf plant fossils (dicotyledon angio-
sperms) and one of swamp-type vegetation were
obtained. The broad-leaf dicotyledon angiosperms
are important age indicators as they are unknown
before the Late Cretaceous in Alaska and, con-
sequently, place a lower age )Jimit on the section.
Although the jdentification of the fossils is in-
complete, preliminary data suggest that the
plants are of late Late Cretaceous or early Ter-
tiary age.

The presence of these fossils in the rocks ex-
posed along Sabbath Creek precludes their corre-
lation with the Bathtub Graywacke and Nanushuk

A

Bartes
lal,

147°

70°

-
I

£
=1
wn
212
r‘r(lg
WA 4F
WILLIAM 0. DOUGLAS ARCTIC ] LF
& 9 =
“ WILOLIFE SRANGE S 2
o 100 KILOMEVERS
L L J
FIGURE 10.—Location of Sabbath Craek section in William 0.
Douglas Aretic Wildlife Range.
NORTHERN ALASKA Bl



Group (Detterman and others, 1975, figs. 9 and
11). Because one fossil collection came from the
base of the exposed section, one from the top, and
the other two from the upper middle, the entire
gection is younger than originally thought. On the
basis of these discoveries, Reiser and others
(1978, 1980) assigned the Sabbath Creek rocks to
the Upper Cretaceous and Tertiary sequences of
northerp Alaska.

The age and lithologic correlation of the Sab-
bath Creek section have important implications
for the petroleum potential of the northern Wil-
liam O. Douglas Arctic Wildlife Range and
Beaufort Sea. This 3.322-m-thick sequence is dis-
similar from known Upper Cretaceous or lower
Tertiary rocks farther west in northern Alaska in
that it lacks pyroclastic material and thick coal
beds, even though Upper Cretaceous sedimentary
rocks typical of western northern Alaska are ex-
posed nearby. This evidence suggests that the
Sabbath Creek section belongs to a different de-
positional basin. The Sabbath Creek section ap-
pears to be genetically similar to and is correlated
with the Moose Channel Formation—a thick,
mainly nonmarine fluvial sequence exposed in the
Northwest Territories and found in boreholes on
the MacKenzie Delta, Canada (Young, 1971, 1972;
Holmes and Oliver, 1973). The Sabbath Creek
section therefore may represent a westward ex-
tension of the large basin that had a depocenter in
the MacKenzie Delta area rather thap an eastward
extension of the basin to the west that includes
Prudhoe Bay. The contact of the Sabbath Creek
section with underlying rocks is not exposed, but
a major uoconformity that would account for the
more than 3,000-m thickness of the section may
be present. Whether this unconformity would cut
underlying source beds of the Lower Cretaceous
i1s not known. Samples collected from outcrops of
the Sabbath Creek section have a thermal altera-
tion index in the hydrocarbon producing range
(Palmer and others, 1979). In the MacKenzie
Delta area, these rocks produce mainly gas.
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Further notes on the ground-water supply bencath Selin Creek
near Cape Lisburne, nosthwestern Alaska

By Alvin J. Feulner and Jobha R. Williams

Selin Creek is a short intermittent stream flow-
ing northward to the Chukchi Sea 4 km east of
Cape Lisburne in northwestern Alaska. It lies
within the zone of thick, continuous permafrost in
which ground-water supplies have been difficult
to develop. A water supply has been obtained
from the formerly frozen alluvial gravel beneath
the incised creek bed by methods that have effec-
tively simulated the cold-water thaw techniques
used to prepare frozen placer deposits for mining.
These methods include: removal of the tundra
vegetation and the upper part of the alluvium to
allow warming of the gravel in sumimer; construc-
tion of an upstream reservoir from which warmed
water recharges the alluvium in suromer; use of
snow fences to retard seasonal frost penetration
and to provide early recharge; and installation of
galleries downvalley to collect the water. These
methods for developing the alluvial aquifer have
been described in detail by Feulner and Williams
(1967), and the use of galleries in permafrost re-
gions has been discussed by Feulner (1964).

In 1951 a 24-m-long lateral gallery was placed at
the base of shallow unfrozen gravel beneath the
creek, but it yielded water for only a few weeks
following cessation of streamflow in the fall sea-
sons of 1961 and 1952. In 1953 a reservoir was
constructed about 210 m upstream from the
gallery; stored water was available in summer,
but it leaked so rapidly through the permeable



gravel beneath the reservoir that, despite efforts
to seal the bottom, no water was available for
winter use. Storage tanks were then constructed,
to be filled from the creek in summer. Snow-
nmelting equipment was used to augment storage
but was found to be both unsatisfactory and un-
economical. Between 1951 and 1955 the tundra
vegetation cover and surface gravel were stripped
from the stream valley to provide material for
road construction. In1955 a 60-m well was drilled
in frozen alluvium and bedrock but provided no
water. A test drilling program in 1960 indicated
that the permafrost table in the alluvium between
the reservoir and the roadway crossing the stream
had been lowered to a depth as great as 4.8 m and
that a potential aquifer had formed between the
lower limit of seasonal frost and the receding
permafrost table, apparently as a result of the
stripping of gravel and the downvalley percolation
of water warroed in the reservoir. Clearing the
roadway of snow during winter and the presence
of a lens of clay within the alluvium apparently
retarded seaward movement of ground-water
below the road.

In1961 a new gallery was constructed just above
(south of) the road where the thickness of thawed
alluvium was greatest.' This gallery was used to
supplement water from the storage tanks and was
normally not pumped after January. In 1963 and
again in 1965, however, as much as 996,000 liters
of water was pumped from the gallery between
February and May. The gallery was not used dur-
ing late winter from 1965 to 1970. [n 1970 the gal-
lery dried in January, and each succeeding year
brought an earlier drying of the gallery until in
1975 it was dry by mid-November. Studies made
in 1975 to rehabilitate the ground-water supply
included seismic and resistivity measurements by
the U.S. Geological Survey to determine the depth
to which permafrost had receded. By that time the
permafrost table had receded to 27.5 m at the site
of the 1961 gallery and to more than 6 m at the
gite of the 1953 reservoir. Downstream from
(north of ) the roadway, near the 196] gallery, the
depth to the top of permafrost was only about 3
m. On the basis of these studies, a well was drilled
near the 1961 gallery in 1976, reaching imperme-
able shale at a depth of12 m. Seasonal frost at the
site of the well extended to a depth of 5.1 m, and
fluid ground water was present from 5.1 to 12 m.
The well was screened from 8.5 to 11.5 m, and
about 1,514,000 liters of water was pumped from
the well at a rate of 57 liters per minute to meet

immediate needs during late March and early
April 0f 1976. This well, like the 1961 gallery, is in-
tended to provide water through the mid-winter
months and to supplement water drawn from tank
storage during late winter. The availability of
water during these critical months depends upon
the maintenance of a high permafrost table north
of the road and on the depth to which seasonal
frost can penetrate to complete a barrier to the
movement of water from the aquifer to the sea.
Water available to the well is estimated to be li-
mited, and because of the lower impermeable
zone below the aguifer, storage is unlikely to be
increased by depression of the permafrost be-
neath the present base of the aquifer. Assuming a
model of the aquifer with a planar upper bound-
ary at the base of seasonal frost and its base on
the top of either bedrock or frozen alluvium, a
width ranging from 60 m near the reservoir to 75
m at the site of the 1961 gallery (fig. 11), no in-
flow or outflow, a cover of about 4.5 m of sea-
sonal frost, and average porosity of 20 percent for
the gravel, the estimated storage above the top of
the well screen is about 2,271,000 liters. This es-
timate of total storage may require modification
in light of one or more factors. The porosity esti-
mate does not take into account the bouldery silt
found in the gravel in most of the test wells
drilled in 1960 and may therefore be too high. If
the water level could be drawn down into the well
screen, however, considerable amounts of addi-
tional water could be obtained., perhaps as
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FIGURE 11.—Schemutic cross section along Selin Creek showing
water-supply installations and approximate recession of
permafrost table between 1961 and 1976. (Not to scale; ele-
vations as noted ).
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much as 568,000 liters, depending upon how far
the water could be drawn down. Other variables
can also affect the estimate. We conclude that the
amount of water available to the well in late
winter is probably only enough to augment the
surface streamflow stored in tanks and is gener-
ally insufficient for a year-round water supply.

The history of the Cape Lisburne water supply,
covering more than 25 years of construction ac-
tivities, shows that water can be obtained from
fluvial aquifers in continuous-permafrost regions
by cold-water thaw methods such as those de-
scribed here. The record also provides informa-
tion of a kind not generally available, on the rate
and depth of thaw of permafrost when the ther-
mal regime is disturbed by man. At Cape Lis-
burne, thawing of permafrost probably was accel-
erated considerably by conductive heat transfer
from ground water moving through coarse mate-
rial toward a pumping gallery or well.
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Mafic racks in the Avan Hills ultramafic complex, De Long
Mountains

By Jay Zimmerman', Charles O. Frank?, and Sean Bryo®

The Avan Hills ultramafic complex in the De
Long Mountains of the western Brooks Range is
an allochthonous ophiolite probably emplaced by
northward thrust transport during Mesozoic or
early Tertiary time (Roeder and Mull, 1978). The
complex overlies Paleozoic and Mesozolc sedimen-
tary rocks and mafic volcanic rocks of uncertain
age along a subhorizontal thrust contact. No gene-
tic relation between the ultramafic complex and
the underlying volcanic rocks has been estab-
lished. The complex consists of three major
lithologic units; in ascending order they are: a
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zone of ultramafic tectonites, a transition zone
about 1 km thick, and the remnants of a mafic
zone, presently about 2.5 km thick, consisting of
coarse-grained, dominantly gabbroic rocks
(Zimmerman and Soustek, 1979). In most models
of complete ophiolites coarse-grained mafic rocks
grade upsection jnto mafic extrusive rocks with or
without an intervening section of sheeted dikes.
The uppermost rocks in the Avan Hills are
phanaritic, and if sheeted dikes and extrusive
rocks originally formed part of the sequence, they
have been removed, probably during obduction or
subsequent thrust transport.

Samples of mafic constituents of the transition
and overlying mafic zones were collected in 1979
from exposures in the xnorthernmost part of the
complex. In this area, compositional layering and
8-surfaces strike northwest and have an average
dip of 62° NE. The results of preliminary thin-
section examination of 33 samples are given in
table 1. Gabbroic rocks comprise over two-thirds
of the material collected, although field observa-
tions suggest that at least 90 percent of the rocks
in the mafic zone are gabbroic. Among the gab-
bros, leucogabbro predominates, and some of the
"“diorites” reported from other parts of the com-
plex by Zimmerman and Soustek (1979) probably
should be reclassified as leucogabbro. Nongab-
broic rocks (amorthosite, tonalite, and granite),
although volumetrically minor, should be sig-
nificant in the construction of models of the pet-
rologic evolution of the mafic zone.

The base of the transition zone is defined at the
first appearance of mafic rocks in a matrix of ul-
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tramafic material. Along the 1979 traverse line.
these rocks are leucogabbros that occur in several
layers less than 1 cm to about 60 ¢ thick, paral-
le] to foliation planes in the enclosing dunite and
peridotite. In contrast to rocks of similar composi-
tion and stratigraphic level elsewhere in the com-
plex, these show little evidence of intense strain
and are not obviously tectonitic. No other mafic
rocks occur along the traverse line until about 20
m below the top to the transition zone where thin
(1- to 4-em) leucogabbros occur in clinopyroxe-
nite, the dominant ultramafic rock type at this
level. The basal mafic units of the transition zone
are thus separated from their nearest upsection
counterparts by more than 900 m of intervening
ultramafite.

The contact between the transition and the
mafic zones is abrupt. Rocks immediately above
the contact are olivine gabbros and leucogabbros
with characteristic centimeter-scale compositional
layering due to variations in relative abundances
of plagioclase feldspar and dark minerals, typi-
cally clinopyroxene and olivine. Ultramafic rocks
in the zone are limited to a few widely separated
layers or lenses of serpentinite.

Although rocks of gabbroic composition are
widely distributed over the entire preserved
thickness of the mafic zone, and unquestionably
define the most abundant rock type, the sequence
in general tends to become more leucocrati¢c up-
ward. Anorthosite, troctolite, tonalite, and biotite
granite recur at intervals separated by varying
thicknesses of layered gabbro although there is
no direct evidence of regular cyclic repetition of
units. For example, in the central part of the
mafic zone, the following layering sequence oc-
curs: leucogabbro, biotite granite (0.7 m), olivine
leucogabbro (13.0 m), serpentinite (8.0 m),
biotite granite(3.3 m),olivine gabbro(30.0 m),
leucogabbro (3.0 m). Note that the granites are
interlayered and do not cut across the composi-
tiona) planes of adjacent rocks. Although mylo-
nites occur toward the upper part of the zone,
there are no convincing indications of tectonic re-
petition of the sequence on the scale of a few me-
ters, and we conciude that the striking lithologic
variations are the results of magmatic or other
nontectonic¢ processes.

Throughout the mafic zone, most rocks (includ-
ing biotite granite) appear foliated owing to pre-
ferred orientations of dark minerals. In thin sec-
tion, however, rocks from the lower and central
parts of the zone show only moderate strain, typi-

cally in the form of undulose extinction. In con-
trast, most material from the highest preserved
parts of the zone has been intensely deformed.
Thin compositional layers can be extremely at-
tenuated, intrafolial folds are common in some
samples, and neoblastic feldspars surrounding in-
ternally strained relict crystals define characteris-
tic textures. Deformation at these locations may
be related to proximity of the rocks to the thrust
fauit along which the complex was emplaced, al-
though sirailar gabbroic tectonites and mylonites
found elsewhere in the complex have been attri-
buted to earlier tectonic phases.

Part of this study is funded by National Science
Foundation Grant EAR-7815479.
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Gravity measurements uscful in exploration and evaluation of
the Nimiukmuk barite deposit

By David F. Barnes

The high specific gravity of barite (approxi-
mately 4.35) suggests that massive deposits of
the mineral should be easily detected and that
their masses could be evaluated by precise and
detailed gravity surveys. Published gravity studies
of barite deposits (Uhley and Scharon, 1954; Vis-
arion and others, 1974) have already shown small
positive anomalies (0.5 to 1.0 mgal), which pro-
vided satisfactory tonnage estimates, and unpub-
lished information suggests that gravity data have
been useful in other commercial barite explora-
tion. In July, 1979, two gravity profiles showed
that a 2-mgal anomaly is associated with the
Nimiuktuk barite deposit reported earlier by
Mayfield and others (1979) in the western Brooks
Range of northern Alaska.
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This Nimiuktuk barite deposit crops out as a
smell hill at 68° 24.80'N. and 159° 53.80'W.,
which is within the new Noatak National Monu-
ment and about 25 km south of its boundary with
the National Petroleum Reserve in Alaska. The
outcrop is approximately 2.5 km west of the con-
fluence of the Nimiuktuk River and Klim Creek.
The hil} forms a small, ovoid dome about 8 m
high, 50 m wide, and 80 m long. Barite rubble and
a few solid outerops cover the entire hill; acces-
sory minerals are few and minor in concentration.
Mayfield and others (1979) originally estimated
that the outcrop exposes a minimum of 12,500
metric tons of high-grade barite, but measure-
ments of the dome’s topography during the grav-
ity survey have doubled this estimate of exposed
tonnage. The tonnage of concealed barite, how-
ever, i§ much larger. the hill rises above the
gently rolling tundra-covered lowland on the
south flank of the Brooks Range. The gentle to-
pography of the area makes the deposit an attrac-
tive target for a gravity survey because terrain
corrections are minimal.

The specific gravities of seven samples collected
from the outcrop range from 4.36 to 4.40 and av-
erage 4.37. Two small samples of much lower den-
sity chert and limestone also were collected at the
outcrop, but the small proportion of these conta-
minants in the deposit could not be estimated.
Specific gravities of two samples of graywacke
from the end of the porthern profile were 2.65
and 2.59, but the volcanic rocks that crop out on
the hill south of the barite deposit commonly have
specific gravities close to 2.75. Specific gravities
of 4.37 for the barite and 2.67 for the host rock
have been used in modeling the anomaly.

The gravity measurements were made on July
20 and 21, 1979 with a high-precision, modei-D
LaCoste gravimeter along two profiles that inter-
sect on a flat shoulder of the hill approximately 15
m east of its summit. A gravity base station
(marked with a USGS hexagonal marker) was es-
tablished approximately 3.6 m north of this inter-
section; the observed gravity of this base was
measured as 982,424.88 on the IGSN-71 datum,
and an approximate elevation of 421 m (1,380 ft)
was determined by altimetry. A transit was used
for stadia measurements of distance and elevation
along the profiles. A standard density of 2,670
kg/m? and the 1967 Internationa) Ellipsoid were
used for data reduction. Although no terrain cor-
rections have been made, their maximum relative
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magnitude has been estimated as less than 0.3
mgal. Station spacing was about 8 m near the bar-
ite outcrop and increased to nearly 60 m at the
outer end of the southern profile.

The measured topography and gravity along the
two profiles are shown in figure 12 along with a
derived contour map that compares the Bouguer
gravity anomaly with the barite outcrop area and
adjacent drainage. The measured anomaly has a
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magnitude of approximately 2 mgal, which is sig-
nificantly larger than the anomalies reported by
Uhley and Scharon (1954) for commercial barite
deposits in Missouri. Because the width of the
anomaly is significantly greater than the outerop,
the hidden dimensions of the deposit may be
larger than the hill itself. The slight asymmetry of
both gravity profiles suggests that the deposit
may dip to the south and west. Additional gravity
data between the southern and western profiles
may show a further extension of the barite deposit
toward the southwest.

Varjous mathematical technigues (such as those
of Nettleton, 1976) have been used to study the
anomaly. Integrating the magnitude of the ano-
maly over a horizontal surface suggests by Gauss’
theorem that its total causative mass must exceed
1.5 million metric tons, but such calculations are
usually low because of the difficulties in estima-
ting the limits of integration (“tailing-off” error).
However, mathematical models also tend fo sup-
port this 1.5-million tonnage estimate. A sphere
with a radius of 45 w (150 ft), tangent to the
Earth’s surface, and having a specific gravity of
4.37 in a 2.67 host rock has a similar mass of
about 1.5 million tons. The anomaly calculated for
such a spherical body has an amplitude similar to
that measured at the Nimiuktuk deposit, but its
calculated shape is too narrow and thus suggests
a broader source body. A better mathematical
model is an exposed, horizontal, cylindrical disk
55 m thick and having the same 45-m radius,
depsity, and density contrast as the spherical
body and a similar total mass that slightly ex-
ceeds 1.5 million metric tone. The calculated a-
nomaly for this cylinder disk is shown as dotted
lines in figure 12 and seems to be a good approx-
ymation on the porthern and eastern sides of the
anomaly. The gentler gradients on the other two
sides would be better represented by more
rounded and (or) gently dipping contacts. Other
calculations have shown that lower density but
thicker disks produce bounding gradients that are
significantly smaller than in the observed profile.
Thus the anomaly observed at the Nimiuktuk de-
posit can best be explained by a shallow, high-
density source, although high-density impurities
such as galena could reduce the postulated grade.
Combined models suggest that the ore body may
be qualitatively described as a southwestward
elongate and plunging ellipsoid (bean shape)
containing a total mass of more than 1.5 million

metric tons of high-grade barite.

Mayfield and others (1979) geochemically sam-
pled the stream (figure 12) that drains the area
around the deposit as well as other streams flow-
ing into the upper Nimiuktuk River. The highest
barium concentrations were actually measured in
some of these other streams. and similar high
barium concentrations are common in geochemi-
cal samples from other parts of northern Alaska
(Theobald and Barton, 1978). The source of these
high barium concentrations could be either mas-
sive deposits like the Nimiuktuk deposit or smal-
ler and more diffuse veinlets. The distinct gravity
anomaly associated with the massive Nimiuktuk
barite deposit suggests that gravity exploration
could locate other massive deposits. A properly
planned combination of geochemical and gravita-
tional exploration could prove economically suc-
cessful in an area where barium is abundant.
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Late Mississippian to Pennsylvanian radiolarian assemblages in

the Siksikpuk(?) Formation at Nigu Bluff, Howard Pass quad-
rangle, Alaska

By Beuita L. Murchey, Patricia B. Swain, and Steven Curtis

Analysis of radiolarians obtained from a 92-m-
thick section of the Siksikpuk(?) Formation at
Nigu Bluff in the Howard Pass quadangle, Alaska,
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indicates that the formation ranges in age from
late Mississippian to Pennsylvanian. The section
is lithologically similar, although not identical, to
the type Siksikpuk formation, but may not be its
stratigraphic equivalent. Although radiolarian
cherts from the type locality in the Chandler Lake
quadrangle have not been studied, megafossils
indicate that part of the Siksikpuk Formation is
probably Permian (Patton and Tailleur, 1964 ).

The section exposed at Nigu Bluff in a cutbank
of the Nigu River was selected for study because it
appeared to be a structurally simple, strati-
graphically continuous sequence (fig. 13). This
Siksikpuk(?) sequence structurally underlies
spiculitic limestone, interbedded dark-gray chert
and shale, and diabase. The entire sequence dips
steeply south. Micropaleontological evidence
suggests that the sequence is inverted.

The Siksikpuk(?) Formation stratigraphically
overlies the limestone unit; the contact between
the two is gradational. The lower 78 m of the Sik-
sikpuk(?) sequence consists of dark-gray radio-
larian chert that weathers to a distinctive varie-
gated green and orange. The chert beds, which
are interbedded with minor shales, range in
thickness frorm 5 ¢cm to 30 cm. Some beds contain
mammillary structures, which project above the
bedding surface as much as125 mm. The upper 14
m of Siksikpuk(?) exposed at this locality is very
thinly bedded (to 20 mm thick) maroon and
green argillite and argillaceous radiolarian chert.

Twenty-nine chert and limestone samples were
collected from the entive Nigu Bluff section for
radiolarian processing. Conodonts and poorly pre-
served radiolarians and foraminifers were ex-
tracted from dark shale and chert at the south
end of the section, but no positive age determina-
tions have yet been made from these microfossils,
Sponge spicules and a few poorly preserved
radiolarians of possible Late Mississippian age
were recovered from the limestone unit that
stratigraphically underlies the Siksikpuk(?) and
four distinct radiolarian assemblages were found
in the samples from the Siksikpuk(?) Formation.
These assemblages can be correlated with the late
Paleozoic radiolarian zonation {fig. 13) developed
by Holdsworth and Jones (1980).

Assemblage A: Samples from the basal Siksik-
puk(?) formation (base to 15 m) contain abun-
dant sponge spicules and a few poorly preserved
radiolarians of the Paronaella impella Ormiston
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and Lane Group. Low diversity and poor preserva-
tion of the radiolarians make statigraphic correla-
tion of this assemblage uncertain, but the absence
of "Spongotripus’ Haeckel or undescribed tet-
rahedral Spongodiscaceins indicates that these
samples may be Late Mississippian.

Assemblage B: Samples from the Siksikpuk(?)
Formation collected between 15 m and 26 m con-
tain abundant Paronaella of the P. impella Ormis-
ton and Lane Group. Two samples contain Albail-
lella. 'Spongotripus’ Haeckel and tetrahedral
Spongodiscaceins are absent. These samples cor-
respond to the lower part of the Chesteriap to
Morrowan Albaillella-3 assemblage.

Assemblage C: Samples from the Siksikpuk(?)
Formation collected between 50 m and 58 m con-
tain abundant 'Spongotripus’ Haeckel and unde-
scribed tetrahedral Spongodiscaceins as wel} as a
few specimens of Albaillella sp. aff. Albaillella
pennata Holdsworth. These samples correspond to
the upper part of the Chesterian to Morrowan
Albaillella-3 assemblage.

Assemblage D: Samples collected from the Sik-
sikpuk(?) maroon and green argillite between 78
m and 92 m contain excellently preserved speci-
mens of Psuedoalbaillella sp. (Holdsworth and
Jones, 1980), complex Paronaellas, narrow-armed
Spongodiscaceins, and many other Spumella-
rians. The species of Pseudoalbaillella is similar to
those known to be older than the Permian P.
u- forma (Holdsworth and Jones, 1980). This as-
semblage corresponds to the lower part of the
Pseudoalbaillella assemblage of late Morrowan to
Leonardian age.

Radiolarians collected from throughout the
Nigu Bluff section represent the first systematic
collection from a Paleozoic section in the Brooks
Range. The results indicate that the Paleozoic
radiolarian zonations developed by Holdsworth
and Jones (1980) work well in this area. This
study extends the range of varicolored radiolarian
cherts in the Brooks Range, previously considered
to be of Pennsylvanian to Triassic age, into the
Mississipian. '

REFERENCES CITED

Holdsworth, B. K.. and Jones, D. L.. 1880, Preliminary
radiolarian zonation for late Devonian through Per-
mian time; Geology, v. 8, p. 281 -285.

Patton, W. W., and Tailleur, . L., 1964, Geology of the Killik-
Itkillik region, Alaska: U.S. Geological Survey Profes-
sional Paper 303-G. p. 427-30.



METERS | Murchey, Swain, Assemblage | Holdsworth and Age Epoch
ERS Curtis (1979) 9 Jones (1980) 9 P

-90 ___i_t{_‘_.;‘“c; Pseudoalbaillella Atokan to Middle and Late
X assemblage Virgillian Pennsylvanian

S==
===

-70 S T
=
-60 __E_ _
L C Early
Y| o e e N Morrowan Pennsyivanian
&
40 X _
) a Albaillella-3
Rli=—=—= = Assemblage
X -2 _
20 oo 2 B Chesterian ~ Late
e~ - — 4+ — — Mississippian
L1 Coe eSS
e o o A
AR -~ -7 — 22— 7 —

-0 oo oo

-10 oIS 28

- 20

L
EXPLANATION
==, Dark gray chert & & | Barite concretions
(o5 e - ]
c0ooc  and shale e
=lelol Gray spiculitic lime - o Top tetrahedral
Slo[a]  Stone—Weathers buft Spongodiscaceid
TAN Base tetrahedral
Gray chert—Weathers Spongodiscaceid
orange and green
Maroon and green argillite

Figumy 13.—Correlation of radiolarian assemblages with the Siksikpuk Formation measured section at Njgu Bluff (1at 68°29‘ N.,
long 156°27' W.).

" NORTHERN ALASKA B9




Deporitianal model for the fluvial Upper Devonian Kanayut
Conglomerate, Brooks Range. Alaska
By T. H. Nilsen, W. P. Brosgé, J. T. Dutro, Jr.. and T. E. Moorc

The Upper Devonian (Fuamennian) Kanayut
Conglomerate is one of the thickest and most
widespread nonmarine clastic sequences in North
America. It is as much as 2.000 m tbick and ex-
tends across the Brooks Ranye for more than 600
km from cast to west and 50 to 100 km from north
to south. Fossiliferous marine strata of the Upper
Devonian Hunt Fork Shale and Lower Mississip-
pian Kayak Shale respectively underlie and over-
lie it. The Kanayut records the southwestward ad-
vance of a major coarse-grained fluvial-
dominated delta (fig. 14) analogous in many re-
spects to Devonian and Mississippian deltaic de-

160°

posits of the Canadian Arctic Islands, Black War-
vior Basin, Catskill Basin, and Old Red Continent
of northern Europe and Greenland.

Throughout most of its east-west extent, the
Kanayut contains three fluvial members—a coarse
middle member consisting of interbedded con-
glomerate and sandstone deposited by braided
streams, and upper (Stuver Member) and lower
members composed mostly of fining-upward cy-
cles of sandstone. siltstone, and shale deposited
by meandering streams. A fourth member crops
out in the west half of the Brooks Range beneath
these fluvial members and consists of interbedded
fluvial and fossiliferous nearshore marine
sandstone and shale. This member grades down-
ward and laterally into the underlying Upper De-
vonian (Famennian and Frasnian) Hunt Fork
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FIGURE 14.—Paleogeographic sketch showing extent of Kanayut delta during deposition of the middle member of the Kanayut
Conglomerate. Qutline of delta is superimposed on sketch map of northern Alaska so that south half of delta js in present
location of outcrops of the Kanayut Conglomerate. although the unit is allochthonous. Dashed line indicates approximate
boundary between braided stream facies and meandering stream facies.
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Shale, which comprises the prodelta and deeper
marine part of the deltaic complex. To the south
and southwest, the upper and lower fluvial mem-
bers thin and pinch out (Brosgé and others.
1979), and the middle member thins ang fines.
Sedimentary features indicate that the Kanayut
was derived from a chert-rich terrane to the east

and northeast. The areal distribution of maximum |

size of conglomerate clasts suggests a source 10
the northeast, and paleocurrent measurements
indicate sediment transport dominantly toward
the southwest. The conglomerates are texturally
and compositionally mature, containing mostly
chert clasts with lesscer amounts of quartz,
quartzite, and argillite. The largest clasts. gener-
ally quartzite or quartz, are about 60 ¢m long.
Finer conglomerates are rich in chert bhecause
chert tends to break into smaller fragments more
easily than quartz or guartzite. The sandstone are
also compositionally and texturally mature, con-
sisting chiefly of subrounded grains of quartz,
chert, and argillite with negligible amounts of
feldspar (Nilsen and others, 1980).

The Kanayut outcrops are bounded on the east
and northeast by large anticlinoria near the
Canadian border, where the much thinner Missis-
sippian Kekiktuk Conglomerate rests with angular
vaconformity on Precambrian and lower Paleozoie
basement rocks (Reiser and others, 1974). These
basement rocks, which include a thick unit of
Cambrian or Ordovician bedded chert, were ex-
posed to erosion in Late Devonian time and prob-
ably formed part of the source area for the
Kanayui Conglomerate. In some of its east-
ernmost outerops, the Kanayut rests directly on
sheared conglomerate and reefoid limestone of
the Upper Devonian (Frasnian) Beaucoup Forma-
tion (Dutro and others, 1979), which underlies
the Hunt Fork Shale farther west in the Brooks
Range. This eastern pinch-out of the Hunt Fork
suggests an unconformity beneath the Kanayut
close to its source area.

The Beaucoup Formation, Hunt Fork Shale.
Kanayut Conglomerate, and Kayak Shale record a
major progradational-retrogradational deltaic cy-
cle. The lower warine member of the Kanayut and
underlying and overlying marine units consist of
prodelta, delta-margin, and delta-front deposits.
The lower and upper (Stuver Member) nonmarine
members of the Kanayut consist of meandering
flunal delta-plain deposits. and the middie non-

marine member of the Kanayut consists of
braided fluvial delta-plain and. possibly in east-
ernmost outcrops, alluvial fan deposits. This del-
taic complex reflects major middle Paleozoic
mountain building (Dutro, 1980), but because of
uncertainties regarding the original Paleozoic po-
sition of the Brooks Range, jt is not clear whether
this tectonism was associated with the Acadian,
Ellesmerian, or Antler orogenies.
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Episodic Holocene alluviatioo su the central Brooks Range:
chronology, correlations, and climatic implications
By Thomas D. Hamilton

Radiocarbon dates from Holocene alluvial ter-
races within valleys of the central Brooks Range
cluster into assemblages that appear to reflect
periods of alluviation alternating with downcut-
ting or stability (fig. 15). These events evidently
were contemporaneous with fluctuations of local
cirque glaciers and reflect significant climatic
changes comparable to those reported from cen-
tral Alaska (Hamilton and Robinson, 1977).

Terrace history is clearest and most consistent
within the Itkillik Valley close to the north flank
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of the Brooks Range, where large active cirque
glaciers occupy the heads of every major tributary
valley. Four alluvial terraces in this part of the It-
killik drainage system form morphologically sepa-
rate surfaces; each terrace contains abundant
datable organic material. Earliest alluviation, to a
height of about1l m above modern river level, fol-
lowed accumulation of a massive peat deposit
dated at 4,2207195 yr B.P. Subsequent downcut-
ting to a position at or below modern river level
was followed by three successive periods of ter-
race building. each bracketed by radiocarbon
dates:

Terrace height ¢ date Position of semple
{m abore stream level) {yrBLP.) n terrace

3.5t0 4.1 210£76 Near top.
430150 Near base.

6.5 770£130 Near top.
127580 Near base.

781683 150580 Near top.
25053190 Near base.

Radiocarbon dates from the Anaktuvuk River
region show similar clustering, although the dates
are from more widely separated areas and terrace
heights consequently are less consistent. The two
oldest dates (fig. 15) probably correspond to
major expansion of cirque glaciers near Anak-
tuvuk Pass, which caused alluviation of coarse
outwash to 6 m height in Inukpasugruk Valley
about 2,800 yr B.P. (Porter, 1964) and formed a
terrace that decreases in height northward down
Anaktuvuk Valley. Two somewhat younger dates
represent rapid delta building into the south end
of Shainin Lake, probably in response to in-
creased sediment yield from glaciers at the head
of Alapah Creek. A date of 193580 yr B.P., from
massive bryophytic peat, repesents either a pause
or a reversal in rapid terrace alluviation along
Anaktuvuk River. The three youngest dates, which
cluster around 1,100 yr B.P., appear chronologi-
cally separate but cannot be related to geomor-
phically younger terraces. Alluviation possibly
continued between about 3,000 and 1,000 yr B.P.,
but more likely it was interrupted by a period of
widespread downcutting.

Five dates {rom the Sagavanirktok River region
fall within a time span comparable to that of the
oldest suite of Anaktuvuk dates. An early phase of
alluviation in the Ribdon Valley dates at

3,570190 yr B.P.; this event can be related to ex-
pansion of cirque glaciers at the valley head and
to formation of a widespread outwash terrace
(Hamilton, 1978, 1979). Youpger dates in the
range of 2,600 to 2,000 yr B.P. mark alluviation to
terrace levels of 4-6 m near Atigun Canyon. An
apparently older surface dated at 4,830%155 yr
B.P. probably was abandoned by stream downcut-
ting prioxr to renewed alluviation (Hamilton, 1979,
p. 16). The youngest date, 7403 100 yr B.P., was
obtained near the base of a massive peat layer
near river level in alluvial deposits near Atigun
Canyon. The river evidently had cut down to a po-
sition close to its present datum before the peat
began to form.

Two dates from the Killik Valley define con-
struction of a 5-m terrace about 2,500-2,000 yr
B.P. through a stretch of the valley dominated by
large glacier-fed tributaries. A younger date,
1,740+120 yr B.P., was obtained from eolian de-
posits that formed close to modern river level
after the Killik River had incised to a position
close to or below its modern datum.

Within the John Valley system, two middle
Holocene dates define episodes of peat formation
and forest growth following early postglacial al-
luviation. Renewed alluviation to terrace levels of
about 3.5 m is dated at about 2,000 and 450 yr
B.P. in two widely separated tributary valleys. A
date of 695175 yr B.P. from a buried forest floor
in alluvial deposits within the main valley
suggests that the terraces may represent two dis-
tinct episodes of alluviation separated by stability
or downcutting.

Sparse data from terrace deposits in other val-
leys tend to support the alluvial history sum-
marized in figure 15. An episode of lacustrine de-
position, later terminated by renewed alluviation,
was taking place about 5,600 yr B.P. in the Chan-
dalar Valley. Alluviation to a 3.5-m terrace oc-
curred about 2,000 yr B.P. near the Alatna Valley,
and an episode of flooding, probably associated
with accelerated fan building, began about 350 yr
earlier in the Koyukuk Valley.

Independent data on late Holocene climatic
changes are provided by upland surfaces that re-
mained stable for an interval and then were
buried by loess, solifluction sheets, or frost-
churned deposits. Nine of these successions have
been dated in the central Brooks Range (fig. 15),
the dates falling into two or perhaps three sepa-
rate groups. The older dates, which range be-
tween about 4,000 and 4,750 yr B.P. represent
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buried peats overlain by frost-churned stony silt.
Five younger dates, which cluster within the time
span of 1,850 to 1,150 yr B.P., represent buried
peats and organic soils that were overridden by
solifluction sheets in three localities and blan-
keted by loess at two other sites. The youngest
date, 360195 yr B.P., also is from a peat bed
buried beneath solifluction deposits. These dates
suggest intensification of cold-climate processes
after relatively mild intervals that terminated
about 4,000 yr B.P., began again perhaps 1,900 yr
ago and lasted several hundred years, then recur-
red again within the last 1,000 yr.

Direct dating of cirque-glacier fluctuations by
lichenometry has recently been attempted in the
Atigun Pass area of the central Brooks Range (El-
lis, 1978; Calkin and Ellis, 1980). Preliminary re-
sults suggest that major cirque-glacier expansions
began shortly before 4,000 yr B.P. after a long
mild interval that spanned the middle Holocene.
Glaciers subsequently retreated from advanced
positions, fluctuated for a period of perhaps 1,000
yr or more, then readvanced strongly about 1,100
yr B.P.,(Ellis and Calkin, written commun.,
1979). A final readvance occurred within the past
500 yr and culminated between 100 and 200 yr
ago. The youngest two advances appear syn-
chronous with the two youngest alluvial episodes
summarized in figure 15; the earlier glacial fluc-
tuations show good general correspondence to the
older alluviation between about 3,800 and 2,000
yr B.P.

REFERENCES CITED

Calkin, P. E., and Ellis, J. M., 1980, A lichenometric dating
curve and its application to Holocene glacier stngies in the
central Brooks Range, Alaska: Arctic and Alpine Re-
search, v. 12, no. 3, p. 245-264.

Ellis, J. M., 1978, Neoglaciation of the Atigun Pass area, east-
central Brooks Range, Alaska: State University of New
York at Buffalo, M. A. thesis. 113 p.

Hamilton, T. D., 1978, Surficial geclogy. Phillip Smith Moun-
tains quadrangle, Aleska: U. S. Geological Survey Miscel-
laneous Field Studies Map MF-879-A, scale 1:250,000.

— 1979. Radiocarbon dates and Quaternary stratigraphic
sections, Phillip Smith Mountains quadrangle, Alaska:
U.S. Geological Survey Open-File Report 79- 866. 44. p.

Hamilton, T. D., and Robinson, Stephen, 1977. Late Holocene
{Neoglacial) environmental changes in central Alaska
[abs. ): Geological Society of America Abstracts with Prog-
rams, v. 9, no. 7, p. 1008.

Porter, S. C. 1864, Late Pleistocene glacial cbronology of
porth-central Brooks Range, Alaska: American Journal of
Science. v. 262, no. 4, p. 446 -460.

B24 ACCOMPLISHMENTS DURING 1979

Significance of Middle Devonian clastic rocks iu the eastern
Brooks Range, Alaska

By William P. Brosge, H. N. Reiscr, and J. T. Dutro, jr.

In the northeastern Brooks Range, and in the
parts of the Arctic Coastal Plain that have been
explored by deep drilling, Mississippian rocks
commonly rest with angular unconformity on
folded basement rocks of Precambrian to Silurian
age. In the central and western Brooks Range,
however, a thick section of Devonian clastic and
carbonate rocks lies conformably beneath the
Mississippian rocks.

Although most of the Arctic quadrangle in
northern Alaska contains a stratigraphic sequence
of Paleozoic rocks similar to that in the central
Brooks Range, including about 1,000-2,000 m of
Midgdle and Upper Devonian sirata, the north-
ernmost part of the quadrangle is typical of the
northeastern Brooks Range, in that Devonian
rocks are generally absent or occur as thin rem-
nants beneath the regional pre-Carboniferous un-
conformity.

The oldest formation in the southern part of the
Arctic quadrangle is the Skajit Limestone, about
600 m of relatively pure, platform carbonate
rocks, which contain Silurian and Devonian fos-
sils. Because the Skajit extends laterally for about
600 km in the southern Brooks Range, it has been
assumed to have onee been continuous to the
notrthern part of the Brooks Range and to inter-

! finger with the Middle(?) Devonian Nanook

Limestone and the underlying Katakturuk Dolo-
mite (Devonian or older) (Tailleur and Brosgé,
1970). These two carbonate units are present be-
neath the pre-Carboniferous unconformity in the
Sadlerochit and Shublik Mountains about 50 km
north of the Arctic quadrangle (Dutro, 1970). In
most of the Brooks Range, the Skajit is uncon-
formably overlain by an Upper Devonian se-
quence consisting of the marine Beaucoup Forma-
tion, the marine Hunt Fork Shale (Frasnian and
Famennian), and the dominantly nonmarine

Kanayut Conglomerate (Famennian) (Dutro and

others, 1979).

Recent mapping has shown that in the north-
eastern Arctic quadrangle, about 40 km north of
the exposed Skajit Limestone, Early and (or)
Middle Devonian is represented by at least 300 m




of black shale interbedded with ferruginous argil-
laceous fossiliferous limestone, quartzite, and
conglomerate and intruded by thin mafic sills.
Preliminary studies suggest that shelly fossils
from the limestone are of latest Early Devonian
(Emsian) or early Middle Devonian (Eifelian)
age. These newly discovered Devonian rocks are
probably transitional to the much thinner Middle
Devonjan (Eifelian?) shallow marine clastic se-
quences that occurs locally beneath the pre-
Carboniferous unconformity in the northeast
corner of the Arctic quadrangle and adjacent
areas to the east (fig. 16). About15 km east of the
Arctic quadrangle, these Devonian strata are un-
conformable on Cambrian or Ordovician chert
that forms part of the Precambrian and lower
Paleozoic core of the northeastern Brooks Range
(Reiser and others, 1974).

Because Middle Devonian clastic rocks intervene
between the areas in which the Skajit an Nanook
Limestones crop out. it is unlikely that a Middle
Devonian carbonate shelf was ever continuous
across northeastern Alaska. The Nanook and
Katakturuk carbonate rocks may have been depos-
ited on a shelf that extended northward from the
pre-Mississippian fold belt of the northeastern
Brooks Range.

In addition, the similarity of the Middle Devo-
nian clastic rocks in the northern Arctic quad-
rangle to the Middle Devonian clastic rocks of the
southernmost part of the northeastern Brooks
Range sequence suggests that there has not been
much horizontal displacement on the thrust faults
that now separate the two sequences.
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New chemical und isotope data for the hot springs alomg Big
Windy Creck, Circle A-1 quadrangle, Alaska

By Terry E. C, Keith, Thercsa S, Presser, and Helen L. Foster

A small hot spring area on Big Windy Creek
(Circle A-1 quadrangle) was visited in July 1978
(Keith and Foster, 1979) and again on July 8,
1979. The purpose of the second visit was to col-
lect water samples for uranium analysis and to
study the geologic setting of the springs. Springs
and travertine deposits are present on both sides
of Big Windy Creek. but because of accessibility,
only the springs on the north side were studied.

The hot springs along Big Windy Oreek occur
near the northwest margin of a granitic pluton,
one of five granitic plutons alined along a north-
easterly trend in the southern Circle A~1 quad-
rangle. The southwesternmost pluton also has an
active hot-spring system, Chena Hot Springs, lo-
cated within the pluton near jts northern bound-
ary. The alined plutons range in size from about 4
km? to more than 150 km?, and the one associated
with the hot springs of Big Windy Creek has an
area of about 32 km?% The plutons intrude a
metamorphic terrane consisting of quartz-mica
schist, quartzite, pelitic schist, marble, and minor
amphibolite.

In the western part of the Big Windy Creek
hot-spring area. warm springs issue along sub-
horizontal joints in granitic rock. Green algae
grows in abundance where warm water runs over
the granitic rock. The flow rates of several springs
are on the order of 1 L/min. A water temperature
of 25°C and a pH of approximately 7.5 were mea-
sured in several different places. The results of
partial chemical analysis of the slightly saline
NaHCO: water(79AFr3000A) are listed in table 2.

The hottest spring waters are located in the
eastern part of the spring area. Here the water
temperatures are mostly between 40° and 48°C,
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but temperatures as high as 61°C have been meas- | waters {table 2), together with an additional hot-
ured. The pH at the eastern spring vents is very | spring sample from this area reported by Keith
close to 7, and flow rates from individual vents | and Foster (1979), vary only in temperature, pH,
are as much as 8 L./min. A chemical analysis of | HCOa, and Ca.

the water from one of the hottest vents The hottest spring waters issue through traver-
(79AFr3000R) is listed in table 2. The analyzed | tine which is deposited on granitic bedrock. Old

TaBLE 2.—Chemicol analvsis of waler from springs along Big Windy Creeh. Clrcle A- 1 quadrangle

[Concentrations are in mg/L. Samples not filtered in the field. Cations
determined on an acidified sample. 1Isotopic compositions are in parts per
million (9/00) reported relative to Standard Mean Ocean Water for oxygen
and hydrogen, and Peedee Belemnite for carbons (L. D. White, analysts).
Analytical methods are outlined by Brown, Skougstad, and Fishman (1970) and
by Presser and Barnes (1974). pH (lab), HCO3, and §13C values are
approximate owing to lack of field determination or preservation. SiO;
values may be a minimum owing to polymer formation. U values may be a
minimum owing to nonacidification of the sample; analyst: Earl Skinner,
Denver Central Lab.]

Sample number T9AFr3000A TOAFr3000H
Temperature ------ m—m e mmm e 25°% 52°C
pH (fleld) ~=———=c-—mmmmm e 7-7.5 7-7.5
pH (lab) =~ e 8.45 7.75
Total alkalinity as HCO3- (lab) —————=- 630 730

Na ——=———- g g g 430 430
QO 21 21

CO = e 16 4y

Mg ——— 3.2 4.0
T 76 80

€l —mmmmmmmm oo e 270 270

F ommmeme— o e 9.1 9.0
S10p —mmmmmmmmmm e 136 133

B —mmmmmmmmmmmmmmmmc e cmmmmmmmmmm—mm e 3.2 3.2
U o e e e 0.001 <0.001
8180 oL | ~19.65 ~20.00
8D = e -161.7 -163.0
813C-5rC05 =mmmmmmmmmm oo ~0.01 -1.55
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travertine deposits occur 3 to 5 m above the pre-
sent active orifices. The granitic rock js partly
leached by the flowing hot water. Green and
orange algae line the numerous water channels
that cross the travertine terraces and flow into
Big Windy Creek. Travertine is probably being
deposited locally. Two minor-element analyses of
the travertine are given by Keith and Foster
(1979). A thin coating of amorphous silica was
detected with the scanning electron microscope as
an irregular, late-forming deposit on the traver-
tine.

The 8°C values of the dissolved carbon species
(—0.01 °/ec and —1.55 °/oo indicate a marine
limestone (Craig, 1953). The 60 and 8D values
(table 2) fall on the curve for waters of meteoric
origin (Craig, 1961); the very light isotopes are
due to the northern latitude. These values are
comparable to those reported by Miller, Barnes,
and Patton (1975) for other hot-spring waters
{rom similar geologic settings in west and central
Alaska.

The chemistry of the water can be explained by
the deep circulation of meteoric waters that be-
come heated at depth. During the return to the
surface, these waters react with thinly bedded
metamorphosed limestone known to crop out in
the area. The waters probably also react with
feldspars in the granitic and metamorphie rocks
of the area. Other minerals in the metamorphic
rocks that come in contact with the waters are
generally stable under present physical condi-
tions, and their contribution to the water compo-
sition is neghigible.

The concentration of uranium in the hot-spring
area of Big Windy Creek was of interest because
of the anomalous uranium values reported by
Barker and Clautice (1977) from the geologically
similar Mount Prindle area 120 km to the west.
The Mount Prindle granitic pluton intrudes
metamorphic rocks consisting dominantly of
quartzite and micaceous quartzite. An artesian
spring system occurs in the metamorphic rocks at
a fault contact with the Mount Prindle granitic
pluton. Barker and Clautice (1977) report
uranium concentrations of stream sediments as
high as 400 ppm and of spring sediments as high
as 570 ppm; they do not report any water
analyses. The uranium concentrations of 1.0 ppb
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(0.001 mg/L, table 2) in the lower temperature
water from the hot spring along Big Windy Creek
shows that uranium is present in a concentration
significant for a thermal spring.
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Laumontite occurrence in the Circle A-1 quadrangle, Alaska
By Terry E. C. Kcith, Ivaa Barnes, and Helen L. Foster

Several fist-size chunks of massive launontite
float were found in the northwest part of the Cir-
cle A-1 quadrangle during reconnaissance map-
ping in the summer of 1978. Because massive
laumontite is of potential economic interest, the
area was revisited in July 1979 to investigate the
possible extent and origin of the laumontite. Iden-
tification of the laumontite (leonhardite) was con-
firmed by X-ray diffraction and optical properties.

Laumontite was found in outcrop as steeply

.dipping to vertical intersecting veins in nearly

horizontally foliated schist. The veins are several
centimeters to several tens of centimeters wide,
and some of the longer veins are exposed a verti-




cal distance of 5 to 10 m along a steep canyon wall
for a horizontal distance of about 100 m. Some
veins have a narrow contact zone where the
laumontite permeates the host rock. The schistose
country rock has a mineral assemblage consisting
dominantly of quartz, plagioclase, chlorite, mus-
covite, phlogopite, biotite, tremolite, and diop-
side. Other metamorphic rock types that crop out
in the area include quartzite, several kinds of
quartz-mica schist, marble, and minor amphibo-
lite.

A granitic pluton crops out only a few kilome-
ters west and northwest of the laumontite-veined
area. The hot springs of Big Windy Creek (Keith
and others, 1980) are presently active on the
north side of the pluton. We postulate that the
laumontite may have crystallized from mineral
constituents derived from ground water circula-
ting through metamorphic rocks in a former hot-
spring system, perhaps not unlike the hot springs
on Big Windy Creek. In fact. the chemical and
isotopic data from the hot springs along Big
Windy Creek (table 2, Keith and others. 1980)
can be used to explain the laumontite occurrence.

The §*C values (—0.01 °/oo and —1.55 °/os) of
the dissolved carbon species in the hot-spring
waters at Big Windy ‘Creek indicate that the
bicarbonate originated from a marine carbobate
(Craig, 1953). Marble derived from marine car-
bonate is commonly interlayered in the schists
pear the springs at Big Windy Creek and near the
laumontite locality.

Most of the constituents of the hot-spring water
of the Big Windy Creek springs can be explained
by reaction of heated meteoric water (Keith and
others, 1981) on an underlying marine carbonate
some residual metamorphic brine, and some
leaching of the feldspars of the granitic rocks.
Most mineral constituents of the other inter-
layered metamorphic rocks, most of which are
fairly quartzitic, are stable under the conditions of
these reactions.

The reaction of the hot-spring water with the
CaCOs-rich marble of the metamorphic rock
sequence and the feldspar of the granitic rocks
should yield abundant HCO; and Ca™* into solu-
tion. The amount of HCO; actually present in the
waters indicates that much more Ca** should be
in solution than is actually present (Keith and
others, 1981 ). Therefore, the Ca™ must be coming

out of solution as a noncarbonate compound.
Conceuntrations of Na¥ and Cl™ in solution are
high. If we attribute the Cl~ and the correspond-
ing Nu' to metamorphic brine, a high Na™ con-
centrition still remains in the hot-spring water.

The formation of albjte from the spring waters
would require much more Si™ than is available,
so Na™ stays in solution. Because the water (espe-
cially the warmer water) is unsaturated with re-
spect to Si0,, the SiO, may be combining with
Ca*™ to form a calcium silicate mineral.
Aluminum was not analyzed in the water, but a
logical conclusion from the breakdown of
aluminosilicates, primarily feldspars, is that Al*3
is involved in the reaction. Therefore, we conclude
that a calcium aluminum silicate mineral is com-
ing out of solution and that this may be laumon-
tite or a structureless laumontite precursor.

Although no laumontite is presently being pre-
cipitated by the Big Windy Creek hot springs, a
patchy thin coating of amorphous silica, iden-
tified by scanning electron microscope, occurs in
some places on carbonate of the travertine de-
posits, As postulated by Barnes, Downes, and
Huston (1978, p. 1423), the formation of laumon-
tite may not be by direct precipitation but
perhaps through a silica gel precursor. The
chemistry of the waters from the springs along
Big Windy Creck is very similar to that from sev-
eral hot springs in New Zealand from which
laumontite is being deposited (Barnes and others,
1978. p. 1417).

The laumontite vein deposits may be a result of
former hot-spring activity in the area. The
amount of laumontite probably is not great, and
further consideration of economic potential is not
warranted.
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Geologic reconnaisiance of the east half of Kantishna River
quadraagle and adjacent areas
By Robert M. Chapman and Warren Yeend

A preliminary geologic map of the east half of
the Kantishna River quadrangle and adjacent
parts of the Kantishna River and Mount M¢cKinley
quadrangles has been made (fig. 17). Five units

of Quaternary unconsolidated deposits and eight
bedrock units are distinguished. The interpreta-
tions of these units and their ages are tentative
because laboratory studies of the 1979 samples
are incomplete.

Much of the east half of the Kantishna River
quadrangle can be characterized as a great sea of

sand and silt blanketing a chert terrane. The dune
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sand and loess unit includes both medivm- avnd
fine-grained sand dunes, some silt dunes, massive
gilt deposits, particularly on windward slopes, and
relatively thin veneers of silt. The linear dunes
trend southwest, are commonly several kilometers
long and 8 to 20 m high, and have rounded tops
(fig. 18). Silt, more than 1.5 m thick, conceals
bedrock on the lower hills between the Cosna and
Kantishna Rivers. Clearly the sand ang silt were
derived from flood plains of the ancestral Tanana
River system and distributed by winds from the
northeast. A larger, ancestral Lake Minchumina
may have occupied the lowlands that are now dot-
ted by many small lakes. Beach deposits have not
been identified, but the morphology of the clay,
silt, sand, and gravel deposits near Lake Min-
chumina and near Mooseheart Mountain suggests
a lacustrine origin.

Bedrock exposures are scarce and discontinuous
in much of the area, owing to extensive vegetation
and surficial deposit cover and generally low re-
lief. Contacts are concealed and therefore are ap-
proximate. Some suspected fault contacts are not
shown on figure 17.

The limestone and phyllite unit in the vicinity of
Sischu Mountain includes impure limestone,
dolomite, greenish-gray phyllite, and silty shale,
all of very low metamorphic grade. Firm age data
are lacking for these rocks, but the rocks are
coextensive, at least in part, with probable pre-
Ordovician rocks exposed 10 to 20 km to the west.

A unit of shaly rocks apparently underlies the

FIGURE 18.—Aerial view to southeast over vegetated linear sand
dunes east of Zitziana River, Kantishna River quadrangle.
(See fig. 17 for location.)

chert vnit and includes siltstone-mudstone-
argillite, shaly-slaty-phyllitic mudstone, maroon
and green slaty argillite, grit, quartzite, calcare-
ous quartz-chert arenite, sandy limestone, and
minor amounts of chert, and quartz-mica schist.
Ordovician graptolites and an Ordovician coral
occur in one part of this section. A coral of "prob-
ably Early or Middle Devonian” age (W. A. Oliver,
written commun., 1979), found in a lakeshore
cobble, also may have come from this unit. An
age range of Ordovician to Middle Devonian(?) is
provigionally assigned to the chert and shaly
rocks, although some pre-Ordovician rocks may
be included in the Jower part of the shaly rocks.
Ages and suggested regional correlations of these
two units are discussed more fully in the following
paper (Chapman and others, 1981).

A chert unit, which forms a northeast-trending
belt of prominent hills between the North Fork of
Kuskokwim River and the Zitziana River, includes
gray thin- to thick-bedded chert with thin infer-
beds of silceous sittstone, shaly to slaty mudstone,
angd shaly tuffaceous argillite. These rocks gener-
ally weather to a light and moderate reddish
brown and yellowish.orange. Radiolarians of early
Paleozoic age occur in both the chert and argil-
lacecus rocks, and Ordovician graptolites were
found in thin shale beds at one site (fig.17).

Two limestone units have been identified: Devo-
nian limestone, which is coextensive with a lime-
stone unit of Givetian to Frasnian age in the adja-
cent Medfra quadrangle (Dutro and Patton,
1981), and the Tolovana Limestone of Silurian
and Devonian age, which forms a klippe in the
Dugan Hills (Chapman and others, 1975).

Granitic rocks at Sischu, Baystack, and Bear-
paw Mountains and near Chilchukabena Lake are
included in one unit and provisionally assigned
Cretaceous and (or) Tertiary ages pending com-
pletion of petrologic and geochronologic studies.
A K-Ar age of 6412 m.y. has been reported for
quartz monzonite from Haystack Mountain (Sil-
berman and others, 1979). All of these granitic
rocks are coarse grained and commonly porphyri-
tic. On the basis of field identifications, the rocks
at Sischu and Haystack Mountains range from
quartz monzonite to diorite. Porphyritic granite
forms the pluton near Chilchukabena Lake, and
the Bearpaw Mountain outcrops were tentatively
identified as porphyritic granite.

The unit of volcanic rocks near Sischu Mountain
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includes rbyolite, dacite, andesite, and some
basaltic rocks. Silberman and others assigned this
unit a Cretaceous and (or) Tertiary age on the
basis of 70- and 71-m.y. whole-rock K-Ar ages of
rhyolite from this unit in an adjacent area to the
southwest in the Medfra quadrangle.

The Nenana Gravel of Miocene and Pliocene age
(Wolfe and Tanai, 1980), a weakly consolidated
unit of pebble-cobble polymictic conglomerate
with some interbedded sandstone and claystone,
forms low, terracelike hills that flank the north
end of the Kantishna Hills in the southeast corner
of the Kantishna River guadrangle. The south-
ward continuation of this unit has been mapped
by Bundtzen and Turner (1979).
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Ordovician graptolites and early Paleovroic radiolariany {n the
Lake Minchuminy area date a regional shale angd chert belt

By Robert M. Cbapman, Michael Cburkin, Jr., Claire Carter,
and James H. Trexler, Jr. o

Graptolites and radiolarians discovered in 1979
in the Lake Minchumina area provide new paleon-
tologic age data for the shaly rocks unit and the
chert unit that [ie in a northeast-trending belt be-
tween the North Fork of Kuskokwin and Kan-
tishna Rivers (fig. 17). An Ordovician age has
been assigned to the graptolites by Claire Carter,
and an early Paleozoic age for the radiolarians has
been determined by David L. Jones.

A sequence of interbedded siltstone, argillite,
shaly-slaty-phyllitic mudstone, and some quartzit-
ic sandstone and chert at the base of the western
and northwestern slopes of Yutokh Hill at Lake
Minchumina is part of the shaly rocks unit. These
beds strike generally northeast and dip both
north and south. A reliable determination of the
structure and thickness could not be made be-
cause of discontinuous exposures apd many
slumped outcrops. No faults were identified. Two
collections of graptolites from thin shale beds
near the south end of the small hill south of
Yutokh Hill (inset map, fig. 17) contain Or-
thoretiolites hami Whittington and Orthograptus
gsp., a fauna that approximately correlates with
the Climacograptus tubuliferus Zone of Middle Or-
dovician age (79Ch-88), and unidentifiable bise-
rial graptolites of probable Ordovician age
(79Ch-88A). A third collection (79Ch-89), from
thin shale beds exposed at the shoreline on the
northwest side of Yutokh Hill, contains very
poorly preserved specimens of Orthograptus(?)
ef. O. quadrimucronatus (Hall), indicating ap-
proximately the C. tubuliferus Zone of Middle Or-
dovician age.

Saffordophyllum sp., a coral that ranges from
Middle to Late Ordovician (Oliver and others,
1975), has been found in a bedrock section of cal-
careous quartz-chert arenite, siltstone, and phyili-
tic shale on the northeast side of Yutokh Hill at
the shoreline. Another coral was found here in
1978 in a beach cobble that is lithologically simi-
lar to the local bedrock. W. A. Oliver, Jr., (writ-
ten commun.,1979) identifies it as probably Xys-



triphyllum and of EBarly or Middle Devonian age.
According to Oliver, this coral has some features
that are unusual for this genus, but it neverthe-
less belongs to the family Ptenophyllidae, which is
primarily of Devonian age but extends into the
Silurian, and it is morphologicatly too complex to
be as old as Ordovician. This coral-bearing beach
cobble, however, could have been ice rafted or
transported by otber means and its lithology can-
not be unequivocally related to the local bedrock.

A sequence of interbedded very fine to fine-
grained light-gray partly conglomeratic quartzite,
siliceous siltstone, argillite, phyllite, slaty shale,
and some sandy Jimestone on the eastern shore of
Lake Minchumina is interpreted, in the absence
of fossil evidence, to be part of the shaly rocks
unit. The stratigraphic relation of this sequence to
that at Yutokh Hill is uncertain. Lithologically
similar rocks that are discontinuously expased to
the northeast are provisionally assigned to this
unit. The chert unit, consisting of chert, silicic
mudstone, and some thin beds of shaly argilla-
ceous and tuffaceous(?) rocks, forms a broad
belt immediately north of the shaly rocks unit
(fig. 17).

Another graptolite discovery was made in 1979,
about 36 kwm north of Lake Minchumina ( fig. 17).
Here, in the chert unit, Carter has identified
Pseudoclimacograptus(?) sp., and Didymograp-
tus(?) sp., of Middle(?) Ordovician age (79Ch-
84). These specimens are fragmentary and not
well enough preserved to date these rocks more
accurately.

Radiolarians are abundant in many of the chert
and argillaceous beds of the chert unit. Although
studies of the radiolarian-bearing samples from
this unit are incomplete, preliminary identifica-
tions of some of the radiolarians by D. L. Jones
(oral commun., 1980) indicate an early Paleozoic
age (Ordovician to Early Devonian) for the rocks.

The chert unit is provisionally interpreted from
field observations to overlie the unit of shaly
rocks, and both units are assigued an early
Paleozoic age. The contact between these two
units was not found, but the presence of some in-
terbedded chert in the sections at Yutokh Hill and
Moose Island may indicate a gradational contact.
Both units are structurally complex, and more de-

tailed studies are needed to determine thickness
and the stratigraphic positions of the fossiliferous
beds. The chert unit was partly mapped in1974 as
a chert and slate unit of Ordovician age (Chap-
man and others, 1975; U.S. Geolagical Survey,
1975) on the basis of regional lithologic correla-
tions with the Livengood Dome Chert of Late Or-
dovician age in the Livengood area {( Chapman
and others, 1980). Generally similar units with the
same stratigraphic relation occur in the Dugan
Hil)s (fig. 17) where a chert and slaty shale unit
overlies a unit of maroon and green argillite and
slate with quartzite, grit, and some phyllite. These
units have been interpreted as Ordovician and
Cambrian or Ordovician in age, respectively,
(Chapman and others, 1975); in earlier work
(Péwé and others, 1966) they were mapped as
units in the Nilkoka Group with, respectively,
Camabrjan or Ordovician, and pre-Ordovician and,
possibly, late Precambrian age.

The chert and shaly rocks units of the Lake
Minchumina area fall within, and help to confirm
the existence of, an arcuate belt of discontinu-
ously exposed rocks of similar age and lithology
that extends across central Alaska from the
Canadian border. This belt includes the Ordovi-
cian to Devonian Road River Formation in the
Charley River area (Brabb and Churkin, 1969),
the Livengood Dome Chert in the Livengood area
(Chapman and others, 1980), and the lower
Paleozoic rocks in the Terra Cotta Mountains 90
km southwest of Lake Minchumina ( Churkin and
others, 1977). We believe that this belt of rocks is
part of a major Paleozoic shale-out that marks the
western margip of the North American continen-
tal plate. This Paleozoic margin can be traced
from east-central Alaska into the Selwyn Basin of
Yukon Territory, and from there south through
British Columbia, Idaho, Nevada, and into south-
ern California where it terminates against the San
Andreas fault system.
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Geochronologic studier in the Yokon-Tanana Upland, east-
centrad Alaska

By John N, Aleinikoff, Cynthia Dusel-Bacon, and Helen L.

Foster

A U-Th-Pb geochronologic study of igneous and
metamorphic rocks in the geologically complex
terrane of the Yukon-Tanana Upland was begun
in 1978. Prior to this investigation, K-Ar and very
limited Rb-Sr radiometric dating had been done
on some rocks in this area (Dadisman, 1980). Be-
cause widespread tectonism, metamorphism, and
Mesozoic and Tertiary plutonism apparently have
reset many of the K-Ar systems to very young
ages, the true ages of many of the igneous and
metamorphic rocks in this region are uncertain or
unknown. In this study. the U-Th-Pb method has
been used to date an augen gneiss in the Big
Delta quadrangle and granodiorite from the
Taylor Mountaio batholith in the Eagle and
Tanacross quadrangles.

The most detailed geochronologic study has
been conducted on a large body of augen gneiss,
approximately 700 km? in surface outcrop, in the
southeastern part of the Big Delta quadrangle
(Weber and others, 1978). The gneiss is charac-
terized by large (3 to 7 cm) perthitic microcline
augen set in a cataclastic to recrystallized matrix
of quartz+plagiociase+biolite +white micat
K-feldspar with accessory zircon+tapa-
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tite+sphenet garnet+opaque minerals. On the
basis primarily of textural evidence (Dusel-Bacon
and Aleinikoff, 1980; Dusel-Bacon and others,
1979) and the presence of xenoliths at a few
localities, the augen gneiss is considered to be a
deformed and metamorphosed porphyritic gram-
tic pluton in which the augen represent por-
phyroclastic megacrysts. Some of the augen re-
tain their original idiomorphic habit, although
most have been severely deformed and stretched.
Field relations within and around the augen
gneiss are unclear, and contacts are poorly ex-
posed. No age assignments could be made during
the course of reconnaissance mapping, but Weber
and others (1978) state that the protolith of the
augen gneiss may have been of Precambrian or
Paleozoic age.

U-Th-Pb isotopic data for the augen gneiss are
presented in table 3 and plotted in figure 19.
Standard techniques for analysis of U, Th, and Pb
were used, including ion-exchange chemistry
(Krogh, 1973) and mass spectrometry ( Cameron
and others, 1969). Figure 19 is a concordia plot of
nine size fractions of zircons from four samples of
augen gneiss. Seven of the fractions (with
27Ph /2%Pb ages ranging from 523 to 1,420 m.y.)
form a linear array. 2Pb/?®Ph ages are directly
correlative with grain size. The largest size frac-
tions whose zircons frequently contain sizable
cores have the oldest *Pb/*Pb ages, and suc-
cessively smaller size fractions are younger.
Furthermore, dark grains within a particular size
fraction appear to have older *Pb/2°°Pb ages
than light-colored grains (compare samples AG2
(4100) LT and AG2 (+100) DK, table 3). A
best-fit line through these points has intercepts
with concordia of about 345 m.y. and 2,300 m.y.
However, because the points plot so close to the
lower intercept, the calculated upper intercept
has considerable uncertainty. Two other points
plot slightly below the line. These samples (AGI
(+100) DK and AG4 (—100+150) DK) were cho-
sen for analysis because they are large and dark
and might have plotted farther toward the upper
intercept on the best-fit line. However, their
07Ph /26Ph ages of 1,210 m.y. and 1,220 m.y., re-
spectively, are not the oldest, and they plot
slightly below the best-fit line. We suggest that
the recent loss of a small amount of lead from
these large metamict crystals accounts for the
shift toward the origin from the best-fit line.

Two interpretations of these data are consi-




dered: (1) the granitic protolith of the augen
gneiss is of early Proterozoic age and was severely
affected by a metamorphic event about 350 m.y.
ago (Weatherill's model for episodic loss of lead,
1956); or {2) the protolith of the augen gneiss
crystallized 350 m.y. ago, and the zircons contain
significant quantities of inherited radiogenic lead
from Proterozoi¢ rocks. The linearity of the data
and the correlation of large (perhaps magmatic)
zircons with old ages and small (perhaps
metamorphic) zircons with young ages seem to
support the first interpretation. The extreme de-
gree of discordance displayed by these zircons is
very unusual. However, the position of the data
points on the best-fit line is probably due to the
combined effects of lead loss in the old Pro-
terozoic cores and young overgrowths that formed
350 m.y. ago. Additonal isotopic analyses of are-
ally related rocks, both intrusions into the gneiss
and possible wallrocks, as well as dating attempts
using other geochronoclogical techniques, such as
Rb-Sr and Sm-Ng, are being undertaken in order
to arrive at an unequivocal age detemination. The
old 2"Pb/**Ph ages do indicate, however, that the

protolith crystallized in Proterozoic time, or it was
derived from or assimilated Proterozoic rocks.
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FIGUKE 19.—Concordia diagram (solid line formed by locus of
points showing evolution of paired U-Pb isotope ratios
through time) for zircons from augen gnéeiss, Big Delta
quadrangle. Caleulation of best-fit line (dashed) does not
include two points below line. See text for explanation.

TanLk 3.—U~- Th- b isolopic datn for the augen gneiss. Big Delta quadrangle and the Taylor Mountain batholith, Eagle and
Tanacross quadrangles

Conosntrationa Atomio ratioes Ages (m.y.)
Semple Latitude  Longituda (ppm)
u - . 266Pb 207PY 207pb 206PY 268pp  207pp  J068pp  208ph  206Py
238y 255y 200pp 2329y 238y 2353 206py 2329, 20Lpy
AUGEN GNEISS
£G5(+100)M 635.7 173.7 57.0  0.0842  1,0422  D.0897  0.0351 s21 725 1420 678 2014
AGS(+150)M 631.8 188.8 L8.3 L0740 JB2Th L0811 . 0253 460 612 1225 504 2394
AG5(=150+200)KM §uO18 340 {ul926r30" 632,31  158,5 4.7 . 0865 L6500 L0709 . 0229 s 509 954 458 3374
AG5(-325) 64é.y 149.8 38.1 .0583 - 10596 -0191 365 397 588 383 1948
ACS (=400} 622.9 1574 35.2 L0570 ST L0578 .0182 357 380 523 364 6115
AG2(+100)LT } GH%21r55m  qyhO3ypys  S04-9 127.0 BL.O D766 .B&ZY  .0835  .0308 k76 4u2 1281 613 1482
AG2(+100)0K 1007.3  214.5 83.0 L0785 .Qu33 .08 .0307 487 675 1362 612 1456
AG1(+100)DK 440177 Yo" WWEOU 3N 1205.2  237.6 1%y, 3 .0679 L7835 . 0805 10396 423 570 1210 785 95.3
AGH (=100 150)DK S4G1Q un  qukB24r06"  893.1  167.6 63.4 L0890 L7658 0809 L0217 430 580 1220 553 1758
AG5(+150)8p" 640187347 144824+ 307 17.4 13.3 11.2 0210 . 1407 .0u87 . 0066 134 134 YN 134 21.5
TAYLOR MOUNTAIN BATHOLITH
2005(+100) 1 303.8  150.2 2.7  0.D361 D.2567 0.0515 0.0106 229 2% 264 213 542
2005(= 100+ 150) 270.5 121.3 9.8 .0351 <249 0515 NQOL] 222 226 263 209 4247
2005 (=150+200) 63968520 12209108 255.5 04,7 8.5 .0319 228k 0509 +0099 203 206 239 199 2958
2005(-325) 229.4 95.6 8.1 L0336 2356 L0508 L0106 21) 215 234 213 1918
2005 Sp* J 5.6  128.4 3.8 0333 2324 .0503 .0107 212 212 21 215 105
iSphene; all othaer aamples are ziraons.
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In an effort better to define the timing of
metamorphic events affecting the augen gneiss, a
sphene sample (AG5 (+4150) Sp) was analyzed.
All of its U-Th-Pb ages are134 m.y., almost surely
reflecting a partial resetting of some older age by
the event or events that reset many K-Ar ages
(Foster and others, 1976,1979).

Zircon and sphene from granodiorite of the
Taylor Mountain batholith, a body composed
primarily of unfoliated granodiorite with some
quartz mounzonite, quartz diorite. diorite, and
lamprophyre dikes (Foster and others, 1976),
were also dated. Previous K-Ar dating of
hornblende and biotite by J. G. Smith (Foster
and others, 1976) suggested that the batholith
was about 195 m.y. old, one of the oldest known
undeformed granitic bodies in the upland.
U-Th-Pb dating was undertaken to deterwmine the
reliability of K-Ar ages in the region and to pro-
vide information on early Mesozoic and possibly
pre-Mesozoic geologic events in the region.

Four size fractions of zircon from one sample of
the Taylor Mountain batholith were analyzed. The
results are hsted in table 3. The data are scattered
and show no linearity. 2°'Pb/?"¢Pb ages range
from 234 to 264 m.y. This data array may be due
to either Mesozoic metamorphism of a Paleozoic
intrusion, followed by more recent loss of lead, or
to inherited radiogenic lead in a Mesozoic intru-
sion that recently lost lead (see Higgins and
others, 1977, for a theoretical treatment of com-
plex isotopic systematics involving inherited
lead). The very fresh, unfoliated nature of the
rock suggests that the second explanation is prob-
ably correct. One analyzed sphene sample from
the granodiorite ( table 3) has a concordant age of
212 m.y. To the east in the Yukon Territory of
Canada, the Klotassin batholith, which
Tempelman-Kluit (1976, p. 1350) considers equi-
valent to the Taylor Mountain batholith, has been
assigned an approximate age of 210 m.y. on the
basis of K-Ar analyses of boulders in a Lower
Jurassic conglomerate {Morrison and others,
1979). Therefore, we conclude that the Taylor
Mountain batholith is also Triassic and that it
crystallized about 210 m.y. ago. At Jeast two
younger thermal events, 90-110 m.y. and 45-65

B36  ACCOMPLISHMENTS DURING 1979

m.y. (Foster and others, 1976, 1979), may be re-
sponsible for the partial resetting of K-Ar ages for
the batholith.

We believe that the existing U-Th-Pb age data,

considered in conjunction with previous deter-
mined K-Ar ages, indicate at least four and poss)-
bly five thermal events that took place since the
early Proterozoic. These include an early Pro-
terozoic event (approximately 2.3 b.y.), a middle
Paleozoic event (350 m.y.). a Triassic eveat (210
m.y.), and the two young events indicated by
K-Ar dating (90-110 m.y. and 45-65 m.y.). These
results show that U-Th-Pb radiometric data, used
with data from other dating methods and petro-
graphic studies, can make a significant contribu-
tion to our understanding of the complex geologic
history of the Yukon-Tanana Upland.
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A minimur age for Prindle Volcano, Yukon-Tanana Upland

By Helen L. Foster

Prindle Volcano is a small, isolated basaltic
cone located in the midst of the metamorphic ter-
rane of the eastern Yukon-Tanana Upland, Alaska
(Tanacross C-2 quadrangle). The volcano is made
up of alkali-olivine basalt flows containing abun-
dant inclusions of peridotite and granulite (Foster
and others, 1966). It is of particular interest be-
cause of its apparent youth, its remoteness from
other similar volcanoes, and the presence of
abundant ultramafic snd granulite inclusions. The
well-preserved form of the voleano suggests that
the eruptive activity occurred during Quaternary
time (Foster and others,1966 ).

A thin layer of white volcanic ash was discov-
ered in 1979 on the lava flow emerging from the
voleano’s crater (fig. 20). The ash is probably the
White River Ash Bed, a layer of white rhyodacite
ash that covers large areas in the southwestern
Yukon Territory and adjacent parts of east-central
Alaska. Prindle Volcano lies in the northern lobe
of the ash fall. This lobe has been dated at several
localities by carbon-14 on materials obtained im-
mediately above and below the ash. Dated ash at
the locality nearest Prindle Volcano has an age of
1,750X110 years B.P. (Fernald, 1962). although
other ages obtained in Yukon Territory suggest
that this part of the ash was deposited between
1,850 and 1,900 years B.P. (Hughes and others,

1972). Therefore, a minimum age for lava flow

from Prindle Voleano is about 1,850 to 1,900
years B.P.

The basaltic tuff of a small cinder cone about
200 kmo to the southeast in the Yukon Territory
contains .spinel Jherzolite nodules very similar in
composition to the peridotite inclusions of Prindle
Volecano (Sinclair and others, 1978). This cone,
also comparatively fresh and uneroded and retain-
ing its constructional form, has not been glacially
eroded, although its west edge has been cut by
the Yukon River. The cone is mantled by the east
lobe of the White River Ash Bed, but the lavas
upon which the cone was built lie on unconsoli-
dated glacial outwash and loess. Thus, this cone
postdates early Pleistocene glacial deposiis but,
like Prindle Volcano, predates the ash, although
the east lobe of the ash may be a little younger
than that which mantles the lava flow at Prindle
Volcano (Lerbekmo and Campbell, 1969).

Although these two volcanos are widely sepa-
rated, their similarities suggest that they are
about the same age. Thus Prindle Volcano may be
post-early Pleistocene, but older than 1,900 years
B.P.
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FGURE 20.—View north of Prindle Volcano. Base of cone is
about 1.006 m above sea level snd is 900 to 1,067 m in
diameter. Highest point on cone, about 1.250 m, is on
northwest rim of crater, Crater, breached on the south, js
about 91 m deep.
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Metalliferous mineral resource potential of the Big Delta quad-
ranglc

By W. D. Menzie, H. L. Poster, and D. L. Mosicr

The metalliferous mineral resource potential of
the Big Delta quadrangle {Menzie and Foster,
1978) has been assessed by delineating eight
tracts that are lithologically and geochemically
permissive for the occurrence of mineral deposits
by type (fig. 21). Several additional deposit types
may occur, but tracts cannot be delineated on the

basis of present information.
Production of metals from the gquadrangle has

147 1440

65

7, o7
)

0 25 R
[ \ o s
KILOMETERS R T
640 ~
EXPLANATION

w ' Tract boundary—Dashed where uncertain, Roman
\, numerals designate tracts discussed in 1ext

FIGURE 21,—Sketch map of Big Delta quadravgle showing
tracts delineated as permissive for occurrence of mineral
deposits.
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been confined to gold, mainly from placer de-
posits within tract VIII, but including minor pro-
duction from other placers in tract VII and from
vein deposits.

Two tracts (IV and V) contain units that are
permissive for the occurrence of Pb-ZnXtCu-
bearing massive sulfide deposits associated with
sedimentary and (or) volcanic rocks. Tract IV is
underlain by a semischist unit of diverse lithol-
ogy; protoliths incjude quartzose sedimentary
rocks, limestone, mafic to intermediate volcanic
rocks, volcaniclastic sedimentary rocks, shallow
intrusive and possibly felsic volcanic rocks
(Weber and others, 1978). The tract is charac-
terized geochemically by anomalous levels of lead
in stream sediments and oxide residue (O’Leary
and others, 1978). In addition, tract IV contains
scattered, minor sulfide occurrences. Tract V is
characterized geochemically by anomalous levels
of zinc in stream sediments and oxide residue
samples. Levels of zinc as high as 750 ppm were
recorded n regional stream- sedlment samples
(O’Leary and others, 1978).

Oune tract (VI) was delineated as permissive for
the occurrence of mafic volcanogenic deposits,
mostly because the dominant rock type is
greenstone, which locally contains abundant sul-
fides (Weber and others, 1978; Menzie and Fos-
ter, 1979). In addition, copper, lead, and zinc
occur in avomalous levels in a few stream-
sediment samples from tract VI (O'Leary and
others, 1978).

Three tracts (I, I, III) were delineated for the
occurrence of porphyry copper deposits. These
tracts contain lithologies, dominantly granitic
rocks including felsic porphyritic rocks, that may
permit the occurrence of such deposits; the tracts
also contain anomalous levels of copper in
stream-sediment samples (O'Leary and others,
1978). Experience to date suggests that Alaskan
porphyry copper deposits are lower in grade and
smaller in tonnage than other North American
porphyry copper deposits (Singer and others,
1976); if these tracts contain porphyry copper de-
posits, the deposits may be expected to have low
average grades and small tonnages.

Tract ] is also characterized by the presence of
anomalous levels of tin and tungsten in pan con-
centrate samples and must be considered permis-
sive for the occurrence of tin- and tungsten-
bearing veins and greisens. Areas in the Circle
gquadrangle adjacent to tract 1 also contain




anomalous tin and fungster n pan concentrates
and have been recently staked and investigated by
industry.

Areas of strongly anomalous geochemical sam-
ples and high concentrations of sulfide and other
indjcations of minerlization are not known in the
Big Delta quadrangle. Nevertheless, the quad-
rangle contains permissive geology, minor
amounts of sulfides, and low-level, spatially con-
centrated geochemical anomalies, which may be
useful pathfinders to undiscovered sulfide de-
posits.
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K-Ar age measvrements on obsidian from the Littlc [ndian
River locality in interior Alaska
By Thomas P. Miller and Marvin A. Lanphere

Relatively little-known calc-alkaline volcanic
rocks crop out in several belts in west-central
Alaska and on St. Lawrence and St. Matthew [s-
lands in the Bering Sea (fig. 224) and may, at
least in part, be correlative with the Okhotsk-
Chukotsk volcanic belt in northeast Siberia (Pat-
ton and others, 1976 ). These rocks range in com-
position from high-alumina basalt to highly silicic
rhyolite but have nowhere been studied in detail.
They have been considered Late Cretaceous and
early Tertiary in age on the basis of K-Ar ages
ranging from 58 to 77 m.y., but a recently pub-
lished K-Ar age from St. Lawrence Island (Patton
and Csejtey, 1979) and the dating of obsidian
from the Little Indian River locality in interior
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Alaska (fig. 22B) suggest that some of these
rocks may be considerably younger.

The Little Indian River obsidian locality, first
described by Patton and Miller (9170), occurs
near the northeast end of a belt of subaerial
calc-alkaline volcanic rocks that crop out discon-
tinuously for about 800 km along the eastern
margin of the Yukon Koyukuk volcanogenic prov-
ince from the lower Kuskokwim River Valley to
the Arctic Circle (Patton and others, 1976). The
obsidian occurs in a nearly horizontal tabular
body of rhyolite flows and tuffs, and possibly in
some domes, covering an area of about 40 km*
between the Little Indian and Indian Rivers (fig.
22B). These volcanic rocks disconformably overlie
deformed Cretaceous sedimentary rocks (Patton
and Miller, 1970). Frost action has completely re-
duced exposures {0 fragments as much as 25 cm
long strewn across a sandy surface of vitric and
pumeceous debris. The obsidian probably formed
as residual inclusions (“Apache tears”) in a hy-
drated perlitic glass. Fresh surfaces of the obsi-
dian are glossy black, but slivers as thick as1 em
are commonly transparent and show fine fluidal
banding. Patton and Miller (1970) consider the
bedrock source for obsidian artifacts in north-
western Alaska to be at this locality.

The obsidian is an unaltered, nonhydrated, and
undevitrified glass free of microlites and rock
fragments; exteriors of the residual obsidian
fragments have a frosted and finely pitted hydra-
tion rind. The range of refractive indices mea-
sured on several samples, from 1.484 to 1.487,
suggests a Si0. content of more than 77 percent
(Williams and others, 1958, p. 28). Chemical
analyses (table 4) of the obsidian and associated
tuff indicate they are high-silica rhyolites contain-
ing more than 77 percent silica and more than 8
percent total alkalis. The low H,O content illus-
trates the nonhydrated character of obsidian. De-
layed neutron analyses of obsidian that yielded
14.4 ppm U and 42.6 ppm Th indicate a strongly
uraniferous character; the associated rhyolitic tuff
containg 9.1 ppm U and 39.6 ppm Th, values indi-
cating a loss of U probably as a result of hydra-
tion, devitrification, and ground water leaching.

Because of jts freshness and unaltered nature,
the Little Indian River obsidian seemed unlikely
to be as old as Cretaceous or early Tertiary and
therefore was dated by K-Ar techniques. Two
samples were taken from a large piece of obsidian
(25 em across) and crushed, and the —10-18
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mesh fraction used for argon analyses. Potassium
was measured on an aliquant of this size fraction,
which was ground to —200 mesh. Potassium was
determined by flame photometry using lithium
metaborate fusion (Ingamells, 1970). Argon was
measured using procedures described by Dalrym-
ple and Lanphere (1969).

The ages measured on the two samples (table 5)
agree within analytical uncertainty and yield a
weighted mean age of 40.810.8 m.y. for the obsi-
dian. Each sample age was weighted by the in-
verse of its estimated variance. This is the
youngest radiometric age yet obtained from these
volcanic rocks on the Alaska mainland but ig simi-
lar to the K-Ar age 39.31] m.y. obtained from
biotite from rhyolite tuff on St. Lawrence Island
(Patton and Csejtey, 1979). The volcanic rocks on
St. Lawrence Jsland were assigned an Oligocene
age on the basis of this date and correlation with
nearby voleanic rocks interbedded with sedimen-
tary rocks containing Oligocene plant fossils (Pat-
ton and Csejtey, 1979). Recent evaluations of the
Paleogene time scale (Hardenbol and Berggren,
1978) place the age of the Eocene-Oligocene

‘boundary at about 37 m.y., thus making the obsi-

dian from Little Indian River and the dated rhyo-
lite tuff from St. Lawrence Island late Eocene in
age.

The K-Ar age measurements at the Little Indian
River locality and on St. Lawrence Island, to-
gether with the correlation of the St. Lawrence Is-
land volcanic rocks with possible Oligocene
sedimentary rocks, indicate that silicic volcanic
activity was not confined to Late Cretaceous and
early Tertiary time in western Alaska. Further
study on the composition and other characteris-
tics of this late Eocene volcanic episode is needed
to determine whether it is an extension of the
Late Cretaceous and early Tertiary volcanism or a
separate event with a gap of about 20 m.y. be-
tween episodes. In either case, the existence of
this voleanic episode may have important implica-
tions in the interpretation of the timing and na-
ture of tectonic events in west-central Alaska.
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TaRLE 4.—Chemical analyses of rhyolitic luff end obsidian from the Little Indion River locality

[Rhyolite analysis from Patton and others (1978); rapid-rock chemical
analysis: Hezekiah Smith, analyst. Obsidian analysis from R. L.
Smith (oral commun., 1979); classical gravimetric analysis: John E.
Thomas, Univ. of Redding, U.K. analyst. n.a., not analyzed.]

Rhyolite Obsidian Rhyolite Obsidian

SiC)2 --------- 77.5 77.3 H20+ ——————— 0.54 0.06
———————— . . H,.0- ==m———- 17 .04

11\.].203 12.9 12.41 5 1 0
Fe203 -------- .09 .44 '[‘102 ——————— .12 .10
Fe0----—~———-- .28 .26 P,0, -—----= .13 -01
O L ——— .09 .04 MNO ——-m—=m- .02 .07
o7 Yo R —— .34 .39 CO, -—--=-—- .02 n.a.
NaZO ————————— 4.4 4.0S Cl ————————— n.a. .08
K,0====mm==~ 4.4 4.52 F ————m oo n.a. .12
Sum---- 101 99.89

TaBLE 5.—K-Ar ages and analytical data for obsidian from the Little Indian River locality
g
K0 HOArrad Calculated age ©
Field No. (weight %) (mol/gm) % qurrad (m.y.)
78AMm- 156- ) 4.76 £ 0.01(8)  2.762 x 1070 37.4 39.9 £ 1.2
78AMm- 156-2 b.74 + 0.01(W) 2.869 84 .5 §y.6 + 1.2
#
Mean value and standard deviation. Number of measurements in
parentheses.
* o, =058 x 1070yt Ay = 4.962 x 10710 yr=!, M0 sk = 1167 x 10 M

mol/mol. The ¢ figures are estimates of analytical precisjon at the
68-percent level of oonfidence.
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Lower Paleozoic platform carbonate sequevce in the Medfra
quadrangle, west~central Alaska
By J. T. Dutro, Jr., aod W. W. Panton, Jr.

More than 5,500 m of shallow-water lower
Paleozoic strata (fig. 23) is exposed in the north-
ern Kuskokwim Mountains of the eastern Medfra
quadrangle (Patton,1978). Most of these are plat-
form carbonate rocks, ranging from Lower Or-
dovician supratidal laminated silty limestone
through a complex array of shallow-shelf lime-
stone facies that include reefoid masses in the
Upper Ordovician and Middle Devonian. Dark,
platy limestone and shale with Middle Silurian
graptolites are the only major evidence of deeper
water paleoenvironments.

The oldest rocks are in the Novi Mountain area
where nearly 900 m of Lower Ordovician thin-
bedded silty to micritic limestone and calcareous
siltstone is exposed. This sequence is charac-
terized by 5- to 30-m-thick cycles that begin with
a massive limestone unit, usually with flat carbo-
nate pebbles in its base. Oolites are common in
the lower parts of the cycles, which grade upward
through thin, irregular, shaly limestone into cal-
careous siltstone or shale in the uppermost parts.
At least a dozen such cyles occur in the interval
between 300 and 600 m above the base of the
formation. Rocks below the cyclic interval are di-
vided into two units: a lower 150-m-thick unit that
is predominantly siltstone and shale with much
bioturbation, and an upper unit, from 150 to 300
m above the base of the sequence, characterized
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by massive limestone beds. The upper 300 m of
the sequence consists chiefly of thin, irregularly
bedded silty limestone and shale in which cycles
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are not so clearly delineated. A few poorly pre-
served trilobites, gastropods, cephalopods, and
relatively sparse conodonts indicate that the en-
tire sequence is Early Ordovician. The middle cye-
lic part contains Early Ordovician conodont
Faunas C, D, and possibly E, according to John
Repetski (written commun.,1978).

Along a high ridge east of the Telsitna River,
Novi Mountain beds are overlain by about 2,000
m of Middle and Upper Ordovician limestone and
dolomite that yield conodonts ranging from Mid-
dle Ordovician Fauna 3 near the base to probable
Maysvillian equivalents near the top. Crude cycles
are also developed in this sequence; algal and
lime mudstone and laminated dolomite reflect the
shallowest environments. Shelly fossils, jncluding
ostracodes, brachiopods, and snails, are occa-
sionally found; Maclurites is common throughout.
The uppermost beds contain Catenipora and other
corals of possible Maysvillian age (W. A. Oliver,
Jr., written commun., 1977).

In the Browns Fork area, a 200-m-thick se-
quence of Upper Ordovician limestone has been
mapped tentatively as a separate and distinct unit
stratigraphically above the Telsitna River se-
quence. The Browns Fork sequence is charac-
terized by reefoid masses as much as 10 m thick
that contain Late Ordovician corals and shelly fos-
sils, including triobites, and by reef flank strata
that yield possible Maysvillian conodonts.

South of the Telsitna River area, poorly ex-
posed, deeper water, dark platy limestone and
black shale contain latest Llandoverian through
early Wenlockian graptolites (Claire Carter, writ-
ten cormnmun.,1978). At least 1000 m of these dark
beds is exposed in the hills along upper Paradise
Fork. No definite lower Llandovery equivalents
are known, and the contact with underlying Upper
Ordovician rocks may be a fault.

Upper Silurian and Devonian strata are well ex-
posed about 50 km southwest of Paradise Fork in
the ridges east of Whirlwind Creek. This 1000- to
1500-m-thick sequence . a composite of two meas-
ured sections. consists of a lower predominantly
dolomitic unit, a middle carbonate unit that in-
cludes favositid biocherms and shelly fossils, and
an upper unit with rugose corals and
stromatoporoids. The lower unit, 100 m thick,
consist of algal, laminated dolomite and dolowitic

limestone that grade upward into Favosites-
bearing Jimestone and ostracode-rich calcareous
siltstone of the middle unit. The ostracodes indi-
cate a probable Late Silurian age (J. M. Berdan,
written commun., 1979). Limestones high in the
middle unit contain shelly fossils and corals prob-
ably of Siegenian through Emsian age. No defi-
nite Gedinnian is recognized. The upper unit, well
exposed above upper Beaver Creek, has many
beds of dark, Amphipora-bearing dolomite.
Rugose corals. including Smithiphyllum, near the
top of the upper unit suggest an early Late Deva-
nian (Frasnian) age (Oliver, written commun.,
1977).

In the northwestern part of the outcrop area
along the Telsitna River, the lower Paleozoic car-
bonate sequence overlies metasedimentary and
metavolcanic rocks of probable Precambrian age
(Silberman and others, 1979; Patton and Dutro,
1979). Along the southeast margin of its outcrop
area, this platform carbonate terrane is jux-
taposed, along a major northeast-trending
strike-slip fault. with deep-water, slightly
metamorphosed carbonate rocks of about the
same age. Early Ordovician to Early Devonian
conodonts have been identified from this appa-
rent slope or basin sequence (Anpita Harris, writ-
ten commun., 1979).

Correlations with other early Paleozoic se-
quences in Alaska are not secure. Some of these
Medfra carbonate units appear to have close af-
finities with the Ordovician and Silurian sequence
of the western Seward Peninsula (Sainsbury and
others, 1971) and possibly also with the Paleozoic
sequence in the Livengood area. Detailed paleon-
tologic studies now in progress may shed more
light on these relations.
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Lower Paleozoic rudiolarian chert and associated rocks in the
Tikchik Lakes area, southwestern Alaska
By J- M. Hoare and D, L. Jones

Recently collected radiolarian chert has pro-
vided new information on the age and correlation
of an isolated terrane of Paleozoic rocks in the
Tikchik Lakes area. The Paleozoic rocks are ex-
posed in a triangular-shaped area of about 1,200
km? with the 35-km-wide base at Nuyakuk Lake
and the apex 70 km to the north at the west end of
Nishlik Lake (fig. 24). Mertie (1938, p. 37-42)
assigned a Mississippian(?) age to most of the
rocks in the southern part of this area because
they apparently underlie Permian limestone and
greenstone. In later reconnaissance mapping
(Hoare and Coonrad, 1959, 1961), the rocks in the
western part of this area were assigned to the
Gerwuk Group of Carboniferous to Early Creta-
ceous age (Cady and others, 1955, p. 27-34). By
1978, when the present investigation began,
megafossils of Permian, Late Triassic, and Early
Jurassic age had been found at numerous loca-
tions near the perimeter of the Paleozoic terrane
(fig. 23), but no fossils had been found in its in-
terior. Three of the four Permian fossil localities
north and south of Lake Chauekuktuli near the
east side of the terrane and two others north and
south of the upper part of Nuyakuk Lake (fig. 24)
are in rocks that Mertie (1938) mapped as Missis-
sippian(?). Dominant structural trends at these
fossil localities and in the interior of the terrane
are west and northwest, so it seemed likely that
rocks in the interior of the terrane were also of
Permian age.

The recent investigation was directed at deter-
mining the age of a thick section of highly de-
formed chert that is closely associated with lime-
stone and clastic sedimentary and volcanic rocks
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widely exposed in the central part of the Paleozoic
terrane. About 50 chert samples were collected
along the shores of Chikuminuk, Chauekuktuli,
and Nuyakuk Lakes, and Tikchik Lake, which is
east of the map area. Six samples contained
radiolarians diagnostic of early or middle
Paleozoic age. Six other samples yielded poorly
preserved forms of Paleozoic{?) age. Five
localities yielded radiolarians of Mesozoic age.
One of these, on the south shore of Chikuminuk
Lake (fig. 24), yielded Triassic, radiolarians and
is near the center of the Paleozoic terrane. The
other Mesozoic localities—of Triassic, Late Juras-
siec, and Early Cretaceous age—are several
kilometers east of the southeast corner of the ter-
rane, on Tikchik Lake. No radiolarians of Permian
or late Paleozoic age were found, although rocks
of this age may be present in the unsampled
mountainous country between the lakes.
Although chert, cherty tuff, and siliceous
siltstone probably constitute 25 percent or more
of the older Paleozoic rocks, apparently relatively
few contain radiolarians. The Paleozoic radiolar-
iaps were found in thin (1- to 5-m) zones of

thin-bedded gray chert with shale partings and in-

thick (more thun 30-m) zones of thin-bedded
chert and red siliceous siltstone. The radiolarian
cherts are closely associated with, and probably
interbedded with, thick sections of massive and
thick-bedded, highly fractured, gray, black,
white, and brownish chert. Closely associated with
the chert is a thick section of interbedded cal-
careous sandstone and shale, several thick beds of
white crystalline limestone, and pyroclastic vol-
canic rocks altered to greenstone.

The thickness and stratigraphic succession of
these rocks are not known because the rocks were
deformed twice by isoclinal folding and offset by
porthwest-trending high-angle faults and

porthwest-dipping Jow- and high-angle reverse’

faults. The older folds trend west or northwest;
the younger folds are post-Cretaceous in age,
trend northeast. and are commonly recumbent to
the southeast.

The older Paleozoic rocks are lithologically un-
like, but apparently about the same age as, the
Holitna Group, which is Ordovician(?), Silurian,
and of Middle Devonian age (Cady and others,
1955, p. 23-27). In its type locality on the Holitna
River 175 kmn to the northeast, the Holitna Group
congsists of massive and thin-bedded limestone

and dolomite with an estimated thickness of 2,000
to 3,000 m. Major structural trends in the Holitna
Group near the Holitna River parallel those in the
Tikchik Lakes area, and the Paleozoic rocks in
both areas are truncated to the northwest by
segments of the Denali fault system. It seems
likely that the Paleozoic rocks in these two areas
had a similar tectonic history and are strati-
graphically related, although the nature of the re-
lations is still pot clear.
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K-Ar ages on intrusive rocks and altered zones io the Chignik
and Surwik Island quadrangles
By Prederic H. Wilson

Continued K-Ar dating of intrusive rocks and
hydrothermal alteration zones in the Chignik and
Sutwik Island quadrangles of the Alaska Penin-
sula. supplemental to that by Wilson, Detterman,
and Silberman (1978) and Wilson (1978), has re-
fined our knowledge of the ages of the igneous
rocks and clarified relations between altered zones
and igneous events in the area.

Age determinations on approximately 40 sam-
ples indicate two major igneous evepts that in-
clude volcanic, plutonic, and hypabyssal rocks.
The older of these two events, related to the
Meshik and in part to the Tolstoi Formations
(Detterman and others, 1980). includes volcanic
rocks ranging from leuco-basalt to dacite (Strec-
keisen, 1979) and volcaniclastic rocks of Eocene
and Oligocene age. The K-Ar data suggest that
two stages of this event may be distinguishable; a
major late Eocene and early or late Oligocene
(about 42 to 27 m.y.) stage and a minor early
Miocene (22 to 19 m.y.) stage. A younger igneous
event, starting in the late Miocene (about 10
m.y.) and continuing until the present. also in-
cludes rocks of volcanic (leuco-basalt to dacite),
plutonic, and hypabyssal origin. The large Devils
batholith, a tonalitic to granodioritic pluton cen-
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tered on Devils Bay in the Chignik A-2 quadrangle

(1:63,360), and apparently the large dioritic -

batholith in the northeast part of the Sutwik Is-
Jand quadrangle were both emplaced during this
later event.

Ages of minerals from zones of copper-porphy-
ry-type mineralization fall within the same time
ranges as primary rock ages, and where dating of
primary and secondary phases has been possible,
there is apparently a significant time gap (1 to 6

m.y.) between emplacement and alteration. At

Warner Bay, mineralization occurred between the
emplacement of the 10- and 6-m.y.-old phases of
the Devils batholith (Wilson and others, 1978).
Additional work at the Bee Creek prospect has
shown the earlier inferred 7-m.y. age to be in er-
ror. Present data do not allow an estimate of the
emplacement age of the main Bee Creek hypabys-
sal pluton, but mineralization that took place
about 3.7 m.y. ago was followed by emplacement
of alate intrusion about 2.1 m.y. ago. Age determi-
nations at the Mallard Duck Bay prospect indicate
a long history of igneous activity spanning at least
6 m.y. from about 27 to 21 m.y. ago. Late in this
history, alteration and minor mineralization oc-
curred about 21 m.y. ago. Preliminary data from a
small altered zone on Unavikshak Island (Sutwik
Island guadrangle, lat 56°30'N, long 158°40'W)
indicate emplacement and alteration during the
early and (or) middle Oligocene (36 to 29 m.y.).
In addition, preliminary data in the plutonic com-
plex on Cathedral Creek and south and east of
Black Peak indicate emplacement of some plutons
during late early Pliocene time (4 to 3 m.y.) and
alteration as late as the Pleistocene (1.38 m.y.).

Alteration and mineralization events are well
distributed throughout the Tertiary igneous his-
tory in the Chignik and Sutwik Island quadran-
gles. Each alteration episode is a discrete event
gpatially related to the centers of igneous activity.
At present, the petrnlogic and K-Ar data from the
Chignik and Sutwik 12land quadrangles do not re-
veal any tendency for alteration episodes to be
limited to any particular time of igneous activity
or to apy particular igneous rock type.
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Revised ages of Paleozoic and Mesozoic rocks in the Talkeetna
quadrangle, south~central Alaska

By D. L. Jones, N. ]. Silberling, Bruce Wardlaw, and Don
Richter

Paleontological data pertaining to the age of
sedimentary rocks on the north side of the Denali
fault in the central Alaska Range are very scarce.
In the Talkeetna quadrangle, only a single pre-
Cenozoic (Early Cretaceous) fossil locality has
been previously recorded from the north side of
the fault (Reed and Nelson, 1977). Consequently,
the ages of several linearly extensive and very
thick stratigraphic units have remained prob-
lematic or unknown. In this report, we present the
first paleontologic evidence (table 6) for the age
of two units, as well as data that substantiate
lithic correlations with other dated units farther
east In the Alaska Range. These data were col-
lected during reconnaissance investigations re-
lated to our ongoing study of the tectonic history
of southern Alaska (Jones and Silberling, 1979).

Reed and Nelson (1977) mapped as single
unit—their Paleozoic shale and limestone unit
(Pzsl)—a thick, isoclinally folded sequence of
black, sooty shale, interbedded gray calcareous
siltstone, gquartzite, and limestone, and tan phyl-
lite. They suggested that these rocks are correla-
tive with graptolite-bearing Lower Ordovician
strata exposed to the southwest in the Terra Cotta
Mountains (south of the Denali fault). As shown
on figure 25, we have subdivided Reed and Nel-
son’s unit into two distinctive assemblages. One,
best exposed on Pingston Creek, consists of sooty
black shale and interbedded gray calcareous
quartzitic siltstone, quartzite, and limestone that
contains Triassic conodonts (locs. 1 and 2, fig.
25). The other, best exposed in the northern
foothills east of Pingston Creek, consists of tan
phyllite, minor chert, and a lens of crinoidal



TARLE 6.—New fossil localities in the northweslern part of the Talkeetna quadrangle, south-centrul Alaska

(Conodont identifications by B. R. Wardlaw; radiolarian age assignments
by D. L. Jones]

Locality

number Fauna Age

(fig. 295)

1. Conodonts——=m—rmm— s e Late Triassic (Karnian and
Neogondolella polygnathiformis earliest Norian).

(Budurov and Stefanov).

2. Conodonts-— ———=———— = Late Triassic (late Karnian and

Epigondolella primitia Mosher. early Norian).

Neogondolella navicula (Buckriede).

3. Conodonts--——~————————————— o Early Pennsylvanian (late

Adetognathus sp. early Morrowan}.
Declinognathodus lateralis (Higgins
and Bouckaert).
Idiognathodus sinuosus Ellison and
Graves.
Idiognathoides convexus (Ellison
and Graves) .
Neogondolella clarki (Koike).
Xaniognathus sSp-

4. Conodonts———===—————————— Early Permian (Leonaxdian).

Neogondolella idahoensis (Youngquist,
Hawley, and Miller).
Ellisonia sp.
Radiolariang§==——====———m=————m e~ Permian and oldex.
5, Conodonts—~=————==————mmme e m e e - Probably Permian.

Neogondolella sp.

Radiolariang———=-—=c————m——— e —— e Permian.

Acroteuthis(?) sp.
Inoceramus sp.
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limestone that contains Penusylvanian conodonts
(loc. 3, fig. 25).

The original relation of these two stratigraphic
upits is unknown. All present contacts appear to
be faults; the Triassic rocks clearly are folded with
the Pennsylvanian strata, and both are cut by
large intrusions of altered gabbro and diabase.

153400

182430°
=

0 § KILOMETERS
[

EXPLANATION

3| Sandstons and Siltstone
{Tertlary)

PINGSTON TERRANE

! Black shale, calcareous
'ﬁs' !. siltstone, quarizite,
and limestone

{Triassic)

"] Silisione, graywacke, and
:]  phydiiic shaie (Crelaceovs
and Jurassic?)

[’ CRb Y l Pillow basalt (Triassic?)
oAk > PN

Phyllite, minor chert
and limestone
(Pennsylvanian)

S

Pc | Chen (Pemmian and older?)

Metamorphosed sedimentary
and vaicanic rocks
(Paleozoic and older?)

Foss!l locality—See table 6
for explanation of numbers

o}

Al contacts shown are faults {dashed
where approximats)

FIGURE 25.—8Sketch map, modified from Reed and Nelson
(1977), showing lithologic units and position of new fossil

localities. Base from U.B. Geological Survey Talkeetna
1:250,000 quadrangle, 1958.
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South of the outcrop belt of their Paleozoic
shale and limestone unit Reed and Nelson (1977)
mapped a thick unit of undivided marine
sedimentary rocks of Juragsic and Cretaceous age
consisting mainly of phyllite, argillite, graywacke,
and siltstone, with lesser amounts of gray, green,
and red chert, conglomerate, grit, and impure
limestone. A single fossi) locality (their loc. 4,
which is shown as loc. 6 on fig. 25 of this report)
was found in graywacke and contains fragments
of belemnites and large scraps of Inoceramus.
Such fossils are common in Lower Cretaceous
(Barremian) rocks in southern Alaska (Jones,
1973), and their presence is the basis for assign-
ing a late Mesozoic age to the entire assemblage.

Examination of a thick chert unit (unit Pe, fig.
25) at two localities (locs. 4 and 5) resulted in
discovery of Permian conodonts and radiolarians
of Permian and possibly Mississippian age. Be-
cause of limited sampling, the full range in age of
this chert unit is unknown. It appears to be in
fault contact with Mesozoic clastic rocks, but the
relations with nearby thick piles of Triassic{?) pil-
low basalt (fig. 23) are unknown. The age of the
pillow basalt has not been established, but it ap-
pears to be similar to Upper Triassic basalt ex-
posed to the east near Polychrome Pass in McKin-
ley National Park, where Wyatt Gilbert (Alaska
Division of Geological and Geophysical Surveys)
found a small specimen of Halobia of the type that
ranges in age from the late Karnian to the early
Norian.

Southern Alaska has recently been subdivided
into a large number of separate tectonostrati-
graphic terranes (Jones and Silberling, 1979),
each of which exhibits an individual stratigraphic
sequence different from that of neighboring ter-
ranes. These separate terranes make up the vast
tectonic collage of Alaska believed to have formed
by accretion during late Mesozoic time (Jones and
others, 1977). Rocks lying between the McKinley
and Hines Creek strands of the Denali fault in the
central Alaska Range belong mainly to the
Pingston and McKinley terranes (a third terrane,
the Windy, is locally developed immediately north
of the McKinley strand). Previously, the only pub-
lished paleontological data for the age of the
Pingston terrane were obtained from the eastern
part of McKinley Park, where weakly metamor-
phosed folded limestone, calcareous quartzitic
siltstone and sandstone, and black, sooty slate
with Triassic conodonts was mapped




by Hickman and Craddock (1975) and Gilbert and
Redman (1977). Our new find of Triassic cono-
donts from similar strata on Pingston Creek sub-
stantiates the lithic correlation made previously
(Jones and Silberling, 1979) between these two
areas. Likewise, the presence of upper Paleozoic
strata (Pennsylvanian) within the Pingston ter-
rane further complicates this ernigmatic as-
semblage.

The presence of upper Paleozoic chert within
the McKinley terrane is equally surprising, as all
the previous reliable fossil localities from this ter-
rane substantiated only the presence of Mesozoic
rocks (Jones and Silberling, 1979).
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Evidence for northwestward thrusting of the Talkeetna superter-
ranc, 4aod jts regional gignificance
By Béla Csejtey, Jr., and Dennis R. St. Aubin

Southern Alaska is part of the accretionary con-
tinental margin of western North America, which
mostly consists of an undetermined number of al-
lochthonous and diverse tectonostratigraphic ter-
ranes. In southern Alaska, these terranes were ac-
creted to the North American continent by gener-
ally northward plate motions in late Mesozoic and
early Tertiary time (Jones and others, 1977; Csej-
tey and others, 1978 Jones and Silberling, 1979).
The structural method, direction, and the exact
time of {inal emplacement for most of these ter-

ranes are still imperfectly known. This report pre-
sents evidence from the northern Talkeetna
Mountains that one of the largest of these al-
lochthonous terranes of southern Alaska, herein
named the Talkeetna superterrane, was emplaced
to its present and final position, after collision
with the North American Continent, by north-
westward thrusting in about middle Cretaceous
time.

The Talkeetna superterrane is defined in this
report to consist of the Wrangellia and Peninsular
terranes of Jones, Silberling, and Hillhouse
(1977) and Jones and Silberling (1979). Strati-
graphic evidence from the southern Tatkeetna
Mountains and southern Wrangell Mountaing
strongly suggests that these two initially unre-
lated terranes have been tectionically coupled
since Middle Jurassic time and that they were
emplaced in Alaska together as a structurally
cohesive unit. This stratigraphic evidence, accord-
ing to E. M. MacKevett. Jr. (Csejtey and others,
1978. p. 9-11), is the similarity in age and lithol-
ogy between the Middle Jurassic to Upper Cre-
taceous sedimentary units of the southeastern
Talkeetna Mountains, that rest with a depositional
unconformity on the volcanogenic Lower Jurassic
Talkeetna Formation of the Peninsular terrane,
and the Middle Jurassic and younger sedimentary
formations of the southern Wrangell Mountains
that rest depositionally on the Upper Triassic
McCarthy Formation of the Wrangellia terrane
(MacKevett, 1978; Jones and Silberling, 1979).
Only in the Talkeetna Mountains do the two ter-
ranes occur jn proximity. where the Wrangellia
terrane on the north and the Peninsular terrane
on the south have been tectonically juxtaposed
along a northeast-trending steep fault (Csejtey
and others, 1978). Here, however, the Wrangellia
terrane has no indigenous rocks younger than
Late Triassic, probably as a result of erosion.

In‘ the Talkeetna Mountains, the leading edge of
the Talkeetna superterrane is delineated by the
northeast-trending Talkeetna thrust (Csejtey and
others, 1978). Ob its southeast side, the thrust
brings dominaatly upper Paleozoic and Upper
Triassic, chiefly volcanogenic rocks of Wrangellia
against a thick, flyschlike sequence of Lower Cre-
taceous argillite and graywacke. Although the

Talkeetna thrust is geverally poorly exposed, in
the northern Talkeetna Mountains three sub-
sidiary, southeast-dipping imbricate thrust faults
structurally above it (fig. 26) are exposed just to
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the south at aboutl- to 3-km intervals,

The two structurally lowest subsidiary thrust
faults consistently bring on the older rocks of
Wrangellia (on the south) against younger ones.
Geologic mapping shows that the structurally
lowest of the subsidiary thrusts is actually a splay
of the main Talkeetna thrust, encasing a sliver of
Upper Jurassic and Lower Cretaceous (D. L.
Jones, oral commun., 1979) volcanic conglomer-
ate, argillite, and arkose. The tectonostratigraphic
affinity of these rocks is uncertain; perhaps they
are a fragment of the Gravina-Nutzotin belt of
Berg, Jones, and Richter (1972).

The structurally highest subsidiary thrust fault,
in contrast to the others, brings the younger part
of the Nikolai Greenstone of the Wrangellia ter-
rane (on the south) against older rocks of the
Nikolai (on the north). However. along this fault
for several kilometers in both directions from the
line of the cross section of figure 26, several tec-
tonic slivers of Upper Triassic Chitistone Lime-
stone (D. L. Jones, oral commun., 1979) strati-
graphically above the Nikolai. Thus, this fault
must be a northwestward directed overthrust that
has cut across already folded rocks of Wrangellia.

The direction of tectonic transport is also indi-
cated by the northwestward overturned drag
folds, with amplitudes from a few meters to as
much as 200 m, which developed in some of the
incompetent rocks in the upper plates of the sub-
sidiary thrusts. Furthermore, in a several-kilo-
reter-wide zone north of the Talkeetna thrust,
the structurally underlying Lower Cretaceous
flysch was also thrown into large, northwestward
overturped tight folds, as indicated by bedding
attitude and axial plane cleavage measurements.

This thrusting and related deformation are
younger than the youngest rocks involved, the
Lower Cretaceous flysch, but are older than the
undeformed Cretaceous and Paleocene granitic
intrusive rocks. In the northernmost Talkeetna
Mountains and adjacent central Alaska Range,
the oldest undeformed rocks appear to be several
flow-foliated granitic plutons that may be 80 to 90
m.y. old (Turner and Smith, 1974). These gra-
nites intrude a thrusted and folded region that is
underfain by the Lower Cretaceous, a newly dis-
covered terrane of Upper Triassic calcareous
sedimentary rocks, and a fine-grained clastic
sequernce of Silurian or Devonian age.
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A still unresolved but critical problem for the
tectonic history of southern Alaska is whether the
Lower Cretaceous flysch is a separate allochthon-
ous terrane or part of the ancient North American
continent, Because of its widespread occurrence
in southern Alaska, its age and lithology. and be-
cause of its tectonic role as “matrix” between the
numerous allochthonous terranes, the Lower Cre-
taceous flysch in this report is considered to be a
para-autochthonous, continental-marginal-type
deposit of the ancient North Ameriean continent.

Apother unresolved tectonic problem is the local
but fairly common occurrence of southeastward
overturping in large areas north of the Talkeetna
superterrane. This overturning js either the result
of local contemporaneous stress reversals, very
common in alpine-{ype orogenic belts, or the re-
sult of a superimposed Tertiary deformation of
rather minor significance.

The geologic features discussed here indicate
that the Talkeetna superterrane, one of the

' largest allochthonous crustal blocks of southern

Alaska, was emplaced in its present position after
collision with the ancient North American contj-
nent by northwestward thrusting. This evidence
also strengthens the previous interpretation
(Csejtey and others, 1978; Csejtey, 1979) that the
smaller allochthonous blocks north of the Tal-
keetna thrust were emplaced by the “bulldozing”
action of the large, northwest-moving Talkeetna

; superterrane during a middle Cretaceous ac-

cretionary orogenic period that produced truly
alpine-type structures of gigantic dimensions and
great complexity.
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Recognition of the Wrangellia terrane in the Clearwater Moun-
tains and vicinity, south-centra) Alaska
By N. J. Silbesling, D. H. Richter, and D. L. Jones

The Wrangellia terrane is one of many tectono-
stratigraphic terranes that accreted to North
America in late Mesozoic time (Jones and Silber-
ling, 1979). Throughout its extent, from southern
Alaska to northeastern Oregon, stratigraphy re-
cords a distinctive depositional history for
Wrangellia in late Paleozoic and Triassic time
(Jones and others,1977), and paleomagnetic data
indicate several thousand kilometers of northward
transport since middle Triassic time (Hillhouse,
1977). In the Wrangell Mountains and eastern
Alaska Range, where it 15 best known in Alaska,
Wrangellia is bounded on the northeast by the ac-
tive Denali fault, but farther west it diverges from
this structure and terminates against an older
major fault system ( Coney and others, 1981 ; Csej-
tey and others, 1978; Csejtey and St. Aubin,
1981).

The presence in the Wrangellia terrane of upper
Paleozoic rocks in south-central Alasks as far
west as the northwestern Talkeetna Mountains
was first proposed by Csejtey (1976). However,
the Talkeetna Mountains exposures are separated
from rocks typical of Wrangellia in the eastern
Alaska Range by a wide, continuous outerop belt
of mafic voleanic rocks (Beikman, 1874). whose
age and stratigraphic relations were reported by
various workers to be distinctly non-Wrangellia in
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character. For example, all of the pre-Tertiary
voleanic rocks in this intervening anomalous out-
crop belt were included in the Triassic Am-
phitheatre Group of Smith and Turner (1973) by
Smith (1974, fig. 3) and Stout (1976, fig. 2), and
calcareous rocks containing Triassic fossils as
young as late Norian in age were regarded as
lenses within this predominantly mafic volcanic
succession by Smith and Lanphere (1971) and
Smith and Turner (1973). Paleozoic volcanic and
sedimentary rocks were not identified. In con-
trast, the distinctive feature of Wrangellia is the
presence of Paleozoic volcanic rocks overlain by
the nonvolcanic Mankomen Group (Pennsylva-
nian and Permian), as well as the bracketing in
age of its thick basalt unit, which includes the
Nikolaj Greenstone, Karmutsen Formation of
Canada, and others by fossiliferous nonvolcanic
strata of late Middle Triassic (Ladinian) and early
Late Triassic (late Karnian) age (Jones and
others, 1977); basalt of Norian age is absent from
the typical Wrangellia section. These differences
raised questions as to whether the Amphitheatre
Group properly should be included in Wrangellia.

Our {ield studies in the Clearwater Mountains
area during 1978 and 1979 have resolved these
questions and have shown that, instead of being
interstratified with the voleanic rocks, the fos-
siliferous Upper Triassic calecareous rocks have
been structurally emplaced into them. Moreover,
the Amphitheatre Group was found to include
both upper Paleozoic and Triassic rocks in a
stratigraphic succession that is generally like that
of Wrangellia but that was deposited in deeper
water. The major units of this succession are de-
scribed below, from oldest to youngest, and their
distribution in and near the Clearwater Moun-
tains is shown in figure 27,

Peunsylvanian and Permian(?) andesitic vol-
canic rocks (fig. 27 include more than 2,000 m of
gray-green massive volcanic flows, breccias, and
minor volcaniclastic rocks, largely of andesitic
composition, which are lithologically equivalent to
the Tetelna Volcanics of the eastern Alaska Range
(Richter and Dutro, 1975), and the Station Creek
Formation of the Skolai Group in the Wrangell
Mountains (Smijth and MacKevett, 1970). These
rocks are unfossiliferous but grade upward into
Permian and Triassic sedimentary strata that con-
tain Lower Permian, and possibly Pennsylvanian,
faunas. The base of these rocks is not exposed.
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The lower part of the Permian and Triassic
sedimentary rocks (fig. 27) consists of about 700
m of black argillite with laminae and thin inter-
beds of voleanic sandstore and minor in-
terstratified crinoidal limestone turbidite and
mafic volcanic breccia as thick as a few tens of
meters. The upper part of the argillite is overlain
by about 100 m of gray-green, red, and black
thin-bedded radiolarian chert. Triassic gabbro
sills (fig. 27) greatly expand the section locally
and increase in abundance upward, generally
obscuring the upper stratigraphic contact with the
Nikolai Greenstone. Fossils from these rocks are
listed on table 7, and localities are shown on fi-
gure 27.

The lower part of the Permian and Triassic
sedimentary rocks unit probably is equivalent to
part of the Slana Spur Formation of the Manko-
men Group (Richter and Dutro, 1975); the upper
part is equivalent to the Eagle Creek Formation of
the Mankomen Group. Equivalents of the Permian
part of the unit in the Wrangell Mountains are the
upper volcaniclastic part of the Station Creek and
the Hasen Creek Formations of the Skolai Group.

The lower part of the Nikolai Greenstone (fig.
27) is laterally variable and includes: thick, com-
plexly interfingered units of massive dark-gray-
green nonamygdaloidal basalt; pillow basalt flows
interlayered with tuff; and massive dark-gray- -
green basalt breccia with subangular to rounded
clasts as much as 20 cm in diameter. All of these
basaltic rocks probably are of submarine origin.
This lower part of the Nikolal is at least 2,000 m
thick and is equivalent to the upper part of the
Tangle Lakes Formation and the overlying Boul-
der Creek Volcanics of Stout (1976) in the Am-
phitheater Mountains.

The upper part of the Nikolai is chiefly dark-
gray-green to maroon-gray subaerial amygdaloi-
dal basalt flows, aggregating at least 1,000 m in
thickness. that closely resemble the type Nikolai
Greenstone in the Wrangell Mountains (Mac-
Kevett, 1978) and may equate with the Paxson
Mountain Basalt of Stout (1976). Triassic gab-
broic sills and dikes, which aggregate hundreds of
meters in thickness, are the intrusive equivalents
of the Nikolai Greenstone.

The limestone (fig. 27) of Late Triassic age is
mainly medium-bedded gray-weathering lime
mudstone and wackestone that occur as fault sliv-
ers having stratigraphic thicknesses less than




several tens of meters. Fossils (locs. 10 through
12, fig. 27) are listed in table 7.

The McCarthy Formation (fig. 27) consists of
thin- to medium-bedded calcareous argillite and
impure limestone, chiefly spiculitic skeleta) or in-
traclastic lime packstone. Intraclasts are spicular
phosphatic mudstone and chert. Less than 100 m
is exposed in a fault sliver between the Nikolai
Greenstone and upper Paleozoic sedimen-
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tary rocks. Fossils from locality 13 are of Late
Triassic (late Norian) age (table 7; fig. 27).
Jurassic and Cretaceous clastic sedimentary
rocks (KJs, fig. 27) consists of conglomerate and
lithic sandstone and grit with increasing amounts
of black argillite interstratified in the upper part
of the exposed section. Clastic grains consist
mainly of mafic volcanic rocks and chert, but rare
coarse-grained clasts of fossiliferous limestone
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YiGuRe 27.—Geologic map of northeastern Talkeetna Mountains and Clearwater Mountaing, south-central Alagka.
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like that of the Triassic limestone unit (fig. 27)
are also present. Similar, but less deformed
rocks, several hundred meters thick, may rest un-
conformably on the Nikolai Greenstone just west
of the map area (loc. 14 on fig. 27); Buchias of
Late Jurassic (Kimmeridgian) and Early Creta-
ceous ages occur near the top of the exposed sec-
tion.

Although the Triassic and older rocks of the
Wrangellia section described above in the Clear-
water Mountains area record a depositional his-
tory similar to that of more typical parts of

Wrangellia farther east, significant differences
are apparent. The basal part of the Clearwater
Mountains section accumulated in a depositional
environment that was more basinal and distal
than the late Paleozoic arc represenfed by the
Tetelna Volcanics and Slana Spur Formation,
overlying sedimentary rocks contain much less
limestone and perhaps more chert than their east-
ern counterparts, and the Nikolai Greenstone is
much thicker and more of its lower part marine,
as compared to typical exposures. This deep-
water facies of Wrangellia may be juxtaposed with

TasLe 7.—Fossils und ages from the Wrangellia terrane, south- central Alasha

[Conodonts and brachiopods identified by B. R. Wardlaw]

Locality number Pauna

Age

1,2,3 Crinoid columnals Late Paleozoic.
and bryozoans.
4 . Radiolarians -—---—--—-— Late Pennsylvanian or early
Permian.
5 Radiolarians and Early Permian (Leonardian).
conodonts.
6 Brachlopods ~—=—=—=wu- Barly Permian.
7 Radiolarians---———--— Permian.
8a Radiolarians -—---——-—- Triassic.
8h Conodonts ~——————————— Early Triassic (late Dienerian
to early Smithian). -
9 Radiolarians and Middle Triassic.
conodonts.

10 (UsGS Mes. loc. 6570

and M6499)

11 (USGS Mes. loc. M5020)

Halobia cf. H.
Superba Tropites sp.

Halobia sp.,

Late Triassic (late Karnian).

Late Triassic.

Arcestes Sp.

12 (USGS Mes. loc. M6677)

dalliana.

(USGS Mes. loc. 6571
and M6500)

13

Halobia cf. H.

Monotis subcircularis, Late
M. salinaria.

Late Triassic (early Norian?).

Triassic (late Norian).
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that more typical of the terrane along a major
fault within the Wrangellia plate on the northeast
side of the Amphitheater Mountains (Nokleberg
and others,1981).
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Paleolatitude of Triassic basalt in the Clearwater Mountains,
south-central Alaska

By Joho W. Hillhouse und Sherman Gromme

Paleomagnetic results have been obtained from
Triassic basalt in the Clearwater Mountains
(Healy A-1 quadrangle). The basalt, included in
the Amphitheatre Group of Smith and Turner
(1973) by Smith (1974), is now considered equi-
valent to the Middle and (or) Upper Triassic
Nikolai Greenstone of the McCarthy quadrangle
(Silberling and others, 1981). The Nikolai Green-
stone and equivalent basaltic sequences in south-
central Alaska help define the northern limit of
Wrangellia (Jones and others, 1977), a geologic
terrane that extends along the Pacific margin as
far south as eastern Oregon. The paleolatitude of
the Nikolai Greenstone at McCarthy is anoma-
lously Jow compared to the expected Triassic
paleoposition of the area, well established by
coeval paleomagnetic poles from tectonically sta-
ble areas of North America (Hillhouse, 1977).
Hence, we infer that the Nikolai Greenstone and
presumably the other parts of Wrangellia have
moved as plate fragments thousands of kilome-
ters north relative to the craton. Our sampling lo-
cality in the Clearwater Mountains, 250 km
northwest of McCarthy, espands the paleomagne-
tic investigation of Wrangellia, and the new re-
sults provide additional evidence supporting
northward drift of Wrangellia.

Oriented cores were collected from 11 basalt
flows exposed on a ridge above the headwaters of
Windy Creek (fig. 27). The sampled flows are dis-
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tributed evenly within a 300-m-thick strati-
graphic section composed of subaerial flows, 1 to
10 m thick, and minor sedimentary interbeds.
Well-exposed flow boundaries of the thinly
layered basalts provide structural control. The
gray-green and gray-red basalt has a tholeiitic
composition; the highly vesicular flows contain
amygdules of quartz, chlorite, calcite, prehnite,
and pumpellyite. Weak metamorphism at temper-
atures below 350°C is indicated by the suite of
secondary minerals.

Stable magnetic directions were obtained from
seven flows, each represented by four to eight in-
dependently orjented cores. Secondary compo-
nents of magnetization were removed by partially
demagnetizing each specimen in a peak alternat-
ing field of 40 mTesla followed by heating to 550C
in a field-free furnace. Unacceptable directional
dispersion of the four rejected flows is attributed
to lightning. The overall mean magnetic direction
of the stably magnetized flows is inclination
(I)=—32.4", declination (D)=138.4° with a 95-
percent confidence limit of 11.8°. The correspond-
ing paleolatitude of 18°N. or 18°S., depending on
polarity is compatible with the paleolatitude
(15°N. or 8.) of the Nikolai Greenstone, deter-
mined at McCarthy. Apreement of results from
sites 250 km apart suggests that the basalt retains
its primary remanence and does not have magne-
tic overprints due to chemical alteration or later
thermal events. In addition, primary origin of the
Nikolai magnetization is supported by a positive
fold test (which means that the magnetization was
acquired before the rocks were folded) and the
consistent antipolarity of normal and reversed di-
rections at the McCarthy study area.

The paleomagnetically determined latitude of

northern Wrangellia is at Jeast 25° south of the
Late Triassic latitude (43°N.) predicted for
south-central Alaska from plate tectonic recon-
structions (Hillhouse, 1977), Accordingly, the
minimum northward drift of Wrangellia relative
to the eraton is 2,700 km. If Wrangellia originated
in the southern hemisphere, an ambiguity not re-
solved by the data now available, then its north-
ward drift may have been as great as 61°.

The geographic origin of Wrangellia and the
timing of its accretion to North America are not
known. Given our paleomagnetic data and the
positions of the continents in the Late Triassic, we
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can constrain the original position of Wrangellia
only to the proto-Pacific equatorial zone. The ter-
rane may have been a Pacific island or a fragment
torn from the continental margin of North
America, South America, or Asia. Wrangellia was
subsequently carried north thousands of kilome-
ters, probably as part of a proto-Pacific oceanic
plate now destroyed by subduction.
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Structura) relations along the teading edge of the Wrangellia ter-
rane in the Clearwater Mountains, Alaska

By Peter J. Coocey, N. J. Silberling, D. L. Jones, and D. H. Rich-
ter

Structural analysis along 200 km of the north
edge of the Wrangellia terrane in the central and
eastern Alaska Range reveals a collisional suture
of complex geometry and evolutionary history.
The suture zone generally separates weakly
metamorphosed upper Paleozoic through Triassic
rocks of the Wrangellia terrane (Jones and
others, 1977) on the south from several totally
distinct and highly variable sedimentary, igneous,
and metamorphic terranes on the north (Jones
and Silberling, 1979). The wide suture zone itself,
named the Talkeetna thrust by Csejtey and others
(1978). displays many faults and intense but var-
iable deformation, particularly in a flysch terrane
of assumed Late Jurassic and Early Cretaceous
age.

In the Clearwater Mountains {fig. 28) of the
central Alaska Range, where our most detailed
observations have been made, the Wrangellia ter-
rane is separated by deformed flysch from rocks
of the Maclaren metamorphic belt (Smith and



Turner, 1973). North of the Maclaren metamor-
phic belt is the Jess metamorphosed terrane com-
posed of Triassic silty limestone, argillite. and
gabbro sills (D. L. Jones, N. J. Silberling, Béla
Csejtey, P. J. Coney, and D. H. Richter, field ob-
servations, 1979) exposed at the headwaters of the
Nenana River. These terranes north of the suture
trend northeast across the Clearwater Mountains
and are truncated obliquely by the Denali fault
between the Susitna and Delta Rivers. East of the
Delta River, the boundary of Wrangellia is the
Denali fault.

In the Clearwater Mountains, structures within
the Wrangellia block are of large scale but simple
geometry (Silberling and others, 1981) Fault-
bounded slabs of the Nikolai Greenstone (basalt
flows) and gabbro sills and the underlying upper
Paleozoic volcanic and sedimentary sequence dip
30° to 40° northward toward the suture zone.
Faults bounding these slabs dip steeply and strike
transversely to the regional northeast trend of the
terrane. Metamorphism in the Wrangellia terrane
is low greenschist grade, with only very minor and
locally developed penetrative fabric. In contrast
to structures in the Clearwater Mountains, the
Wrangellia sequence west of the Susitna River is
exposed in southeast-dipping slabs apparently
bounded by southeast-dipping thrust faults that
imbricate and repeat the section (Béla Csejtey
and P. J. Coney, field observations, 1979).

The northern boundary fault of Wrangellia,
where exposed in the Clearwater Mountains, is
vertical to very steeply south dipping. It separates
north-dipping Nikolai basalt on the south from
strongly deformed vertical to north-dipping green
phyllite and marble of the Clearwater terrane of
Silberling and others (1981) (fig. 27) on the
north. The clearwater terrane, herein named for
the Clearwater Mountains, is an up to 2-km-wide
and 24-km-long, steeply dipping slice of contorted
Triassic limestone marble, limestone conglomer-
ate. metatuff, and minor pilow basalt. It has no
known equivalents in this part of Alaska and is
caught between Wrangellia to the south and de-
formed flysch to the north. The fault bounding
the north side of the Clearwater terrane dips
about 65° S. West of Susitna River, the Wrangel-
lia boundary fault, where mapped as the
Talkeetna thrust fault by Csejtey and others
(1978), dips about 45° SE.

Structures in flysch of the suture zone include
isoclinal and recurnbent folds, numerous faults,
development of pervasive and penetrative cleav-
age, and even partial to total dismemberment of
original lithologic layering. Most structural ele-
ments verge northwest in the central and south-
ern part of the suture zone but verge south along
the northern margin of the zone. At least two
southeast-dipping thrust faults juxtapose flysch
sequences of contrasting lithology and metamor-
phic grade. A significant discontinutity in
lithologies and metamorphic grade also marks the
northern boundary of the suture zone where a
northwest-dipping fault places heterogeneous
greenschist, part of the Maclaren metamorphic
belt, over phyllite of the flysch terrane.

We interpret the Maclaren metamorphic belt as
a large, southeast-vergent, overturned antiform.
In the core of the antiform is amphibolite-facies
biotite gneiss that contains sillimanite and kya-
nite (Smith and Turner, 1973). Enveloping and
partly intrusive into the gneiss is a "syokinemat-
ic" sheath of faintly to strongly foliated biotite-
hornblende granodiorite. On Rusty Hjll in the
Cleatwater Mountains, this pluton is a north-
dipping foliated sill that underlies the gneiss and
structurally overlies the greenschist terrane to
the south. The greenschist terrane, the structur-
ally lowest unit of the Maclaren belt, includes
chlorite schist, biotite, garnet, and staurolite
schist, garbenschiefer, calc-schist, and amphibo-
lite. The metamorphic assemblages of the Macla-
ren belt, therefore, are inverted with higher grade
rocks above lower grade rocks. as Smith (1970)
first observed. Minor structures in the Maclaren
belt are polyphase and include numerous
porthwest-plunging, south-vergent folds within
the north-dipping foliation planes.

The original age of the Maclaren protoliths is
not known. K-Ar cooling ages on both the granitic
sil) and metamorphic rocks mostly indicate a Late
Cretaceous age of metamorphism (Smith and
Lanphere, 1971 ; Smith angd Turner,1973).

The south-verging structures typical of the Mac-
laren belt become dominant eastward toward
Delta River such that the entire suture zone and
its margins become the north-dipping Broxson
Gulch thrust fault system (Stout, 1976). East of
Delta River, Wrangellia is bounded by the Denali
fault. Near Mankomen Lake. the strata and folia-
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tion in both Wrangellia to the southwest and di-
verse terranes to the northeast dip into and to-
ward the Denali fault zone (see Richter and
others, 1977).

The opposed structural vergence across the su-
ture zone is an important characteristic of
Wrangellia’s leading edge. The increasing pre-
dominance of south-verging thrust faults east of
the Clearwater Mountains te the juncture with the
Denali fault, where some of the faulting clearly is
as young as middle to late Tertiary (Stout, 1976;
Weber and Turner, 1977), suggests that some of
the more brittle south-verging deformation has,
in part, overprinted an earlier geometry. It also
suggests that the faulting is tectonically related to
Tertiary right-lateral movement on the Denali
fault. Otherwise, the major structural features of
the Wrengellia suture are known only to postdate
the Late Jurassic and Early Cretaceous flysch.
Many of the major structures and most of the
penetrative metamorphic fabries of the Maclaren

belt also predate the early Tertiary plutons that

intrude it. We assume that major collisional
structures of Wrangellia’s leading edge and its su-
ture zone are of middle or latest Cretaceous age.
Tertiary postcollisional intraplate movement on
the Denali fault and associated transpressive de-
formation is apparently evolving to the present

day.
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Palcomagnetic investigation in the Chulitna terrane, south-
central Alaska

By Joba W. Hillbouse and Sherman Grommeé

A paleomagnetic investigation of Upper Triassic
redbeds and basalts has been completed in the
upper Chulitna district (Healy A-6 quadrangle).
Pre-Cenozoic rocks within the district are part of
the Chulitna terrane, a unique assemblage of
upper Paleozoic and Triassic volcanic and
sedimentary rocks that were deposited on Devo-
nian ophiolite ( Jones and others, 1979). Unique-
ness of the assemblage is underscored by the oc-
currence of Lower Triassic limestone and Upper
Triassic redbeds found nowhere else in Alaska.
The Triassic depositional history of the Chulitna
terrane is unlike the coeval history inferred in
nearby Wrangellia, a large terrane whose north-
western boundary lies a short distance southeast
of Chulitna (Jones and others, 1977).

Paleomagnetic evidence indicates Wrangellia 1s
an exotic terrane that has moved northward more
than 3000km relative to the North American cra-
ton sometime after the Late Triassic. The anoma-
lously low paleolatitude of Wrangellia was deter-
mined from the Triassic Nikolai Greenstone in the
McCarthy quadrangle (Hillhouse, 1977) and from
equivalent rocks in the Healy quadrangle (Hill-
house and Grommé, 1981). We sampled Upper
Triassic rocks in the Chulitna terrane to deter-
mine jts paleolatitude for comparison with the
exotic paleoposition inferred for Wrangellia. Un-



fortunately, our objective was not realized be-
cause the remanent magnetization in basalts and
redbeds of the Chulitna tercane originated long
after the rocks were deposited.

Recent geologic mapping and paleontologic
studies (Jones and others, 1979), combined with
earlier work (Hawley and Clark, 1974), establish
the stratigraphy of the Chulitna terrane. The old-
est rocks make up an ophiolitic sequence that in-
cludes serpentinite in (awt contact with gabbro,
diabase, pillow basalt. and red radiolarian chert
of Devoniap age. Upper Paleozoic rocks composed
of volcanic conglomerate, sandstone, chert, argil-
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lite, and limestone lie structurally above the
ophiolite. In the northeastern part of the district,
Permian limestone is in depositiona) contact with
Upper Triassic redbeds. Red chert pebbles in the
redbeds were probably derived from the ophiolite.
In the northwestern part of the district, a distinc-
tive Upper Triassic sequence of pillow basalt in-
terbedded with gray limestone underlies the red-
beds, but the base of the basait and limestone
unit is not exposed. Upper Triassic redbeds in the
central area of the terrane are gradationally over-
lain by brown marine sandstone and siltstone
as young as Early Jurassic. The youngest unit of
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the Chulitna terrane consists of dark-gray argil-
lite, gray to black chert, and thin beds of lime-
stone of Late Jurassic and Eary Cretaceous age.
Fourteen redbed sections, each having different
structural attitudes, were sampled in the vicinity
of Long Creek, Blind Creek, and Christy Creek.
Thermal demagnetization of the redbed specimens
revealed well-grouped magnetic directions that
were stable up to 875°C {fig. 29). However, cor-

N

S

FiGURE 29.—Mean magnetic dicections from redbed sections of
the Chulitna terrane. A, Before application of structural tilt
correction. B, After. Present axial dipole direction shown by

triangle.
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recting the directions for tilt of the bedding sub-
stantially increased the directional scatter of the
overall data set. Therefore, we conclude that the
redbeds were remagnetized on a regional scale
after the Chulitna terrane was folded and
thrusted, sometime after deposition of the Cre-
taceous flysch now exposed in the Chulitna River
valley.

The postdepositional remanence of the Chulitna
redbeds resides in hematite, as indicated by high
coercivity of remanence and blocking tempera-
tures up to 875°C. Of the possible magnetization
processes, we can rule out detrital remanent
magnetization (DRM) as the source of rema-
nence, because the fold test is negative. The re-
maining processes that may account for Chulitna
redbed magnetization are: 1) viscous remanent
magnetization (VRM) acquired at low tempera-
ture during the Brunhes normal polarity epoch; 2)
thermoremanent magnetization (TRM) acquired
at elevated temperatures during regional
metamorphism; 3) chemical remanent magnetiza-
tion (CRM) acquired by the gradual growth of
hematite crystals and the pseudomorphic re-

‘placement of iron-bearing minerals by hematite.

Demagnetization experiments indicate that
recent-field VRM makes up a small percentage of
the remanence, but the thermal stability of rema-
nence of these redbeds is too high to be explained
by VRM alone (Dunlop and Stirling. 1977). A
high-temperature TRM is also unlikely because
metamorphic minerals of low greeuschist facies in
the nearby volcanic rocks place an upper limit of
about 350°C on heating due to regional
metamorphism. However, magnetic domains with
high blocking temperatures measured in the
laboratory can be remagnetized at lower tempera-
tures in nature if the heating occurs over millions
of years. The most likely explanation for the
Chulitna redbed magnpetization is a combination
of TRM and CRM acquired at slightly elevated
temperatures (150°C to 300°C).

The conditions necessary for the ¢reation of the
CRM-TRM combination were probably met when
the thrust sheets were deeply buried and hot
ground water systems were active. A number of
small stocks and dikes near the Golden Zone mine
suggest that rising magma may have created a
chemical environment favorabie to the formation
of CRM. We do not imply that all hematite in the
Chulitna redbeds was created by this process, for




the red hematite pigment most likely predates the
episode of folding. Instead, the hematite domains
responsible for the stable remanence probably
grew long after the pigment formed, by the
gradual replacement of titanomagnpetite and fer-
romagnesian silicates in the volcanic-rich de-
tritus. The absence of mixed polarity magnetiza-
tions suggests that remagnetization of the
Chulitna redbeds occurred during a single normal
polarity epoch. Later tectonic movements stightly
rotated the virtual geomaguetic poles (VGP), so
the age of remagnetization cannot be inferred
from the mean VGP.

In addition to the redbed sections, seven basalt
flows were sampled in the Upper Triassic lime-
stone and basalt unit in the northwestern part of
the terrane. Secondary mineral assemblages of
the basalts are of lower greenschist facies, and
original igneous textures are preserved. However,
alternating field demagnetization to 60 mTesla re-
veals several superimposed components of mag-
netization that preclude calculation of a statisti-
cally valid paleomagnetic pole. We conclude that
the remaining original thermoremanence, if any,
has been masked by several secondary compo-
nents acquired during a long history of
metamorphism and deformation.

Triassic remanent magnetism of the redbeds
and basalts has been lost. so we cannot infer the
early tectonic history of the Chulitna terrane. The
exotic nature of the Chulitna terrane has been in-
ferred from digsimilarities in its lithostratigraphy
compared to neighboring coeval terranes, but un-
like Wrangellia, an exotic origin for the Chulitna
terrane cannot be substantiated by paleomagnetic
methods.
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K-Ar uges of the Nikolai Greenstone from the McCarthy quad-
rangle, Alaska—the ““docking’ of Wrangellia

By Miles L. Silberman, Edwasd M. MacKevett, Jr., Cathy L.
Coanor, Paul R. Klock, and Georgiana Kalechitz

The Nikolai Greenstone, a 3,000-m-thick se-
quence of theoleiitic, dominantly subaerial bagalt
flows exposed in the Wrangell Mountains and
nearby areas of southern Alaska and the Yukon
Territory, forms an important part of the al-
lochthonous terrane of Wrangellia that, on the
basis of paleomagnetic data (Hillhouse, 1977;
Jones and others, 1977), is believed to have
formed at low latitudes and been tectonically
transported to its present location. Fossils in the
underlying and overlying formations indicate that
the Nikolai was emplaced in the Middle and (or)
Upper Triassic {MacKevett, 1978). Specific in-
formation on the time of accretion (the "docking
date') of Wrangellia has not been available,
Jones and Silberling (1979) suggest, on the basis
of widespread, localized deformation of, and over-
thrusting of older terranes upon, Upper Jurassic
and Lower Cretaceous flysch deposits throughout
the region (fig. 30), that final accretion of the
many Mesozoic terranes of southern Alaska, in-
cluding Wrangellia and the adjacent Peninsular
terrane, occurred during middle to Late Creta-
ceous time.

Stratigraphic and stractural studies by Csejtey
and St. Aubin (1981) in the northern Talkeetna
Mountains suggest that Wrangellia impinged
upon and joined the North American continent
between the Early Cretaceous and the Late Cre-
taceous or early Paleocene. Evidence for this age
range comes from the thrusting of Wrangellian
rocks over severely deformed Lower Cretaceous
argillite and graywacke in this area and from the
oldest undeformed rocks in this region, granitic

"Feledy ne Jyolopes. Westwood. New Jersey.
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plutonic rocks, which intrude the deformed argil-
lite and graywacke and give Late Cretaceous and
Paleocene K-Ar ages (Csejtey and others. 1978;
Csejtey and St. Aubin, 1981).

The Nikolai Greenstone is mostly fine-grained,
porphyritic, amygdaloidal basalt with plagioclase
and less abundant clinopyroxene phenocrysts. It
has been regionally affected by alteration and
(or) prehnite-pumpellyite facies metamorphism.
Secondary minerals are abundant chlorite, less
abundant iron oxides, epidote, clay minerals, cal-
cite, sericite, prehnite, serpentine, pumpellyite,
quartz, and rare zeolites. Most amygdules contain
chlorite with or without calcite; the rest are chal-
cedonic quartz and epidote (MacKevett, 1971;
1978).

We chose seven samples of Nikolai Greenstone
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FIGURE 30.—Mep showing selected Mesozoic terranes in south-
ern Alaska. Modified from Jones and Silberling (1979).
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from the central part of the McCarthy quadrangle
(fig. 30) near the Kennecott mines for whole-rock
K-Ar age determinations. The main alteration or
metamorphic phases in these samples are chlo-
rite, followed by altered plagioclase and variable
amounts of the other common minerals men-
tioned above. The individual ages range from 91 to
131 m.y. (table 8). The K-Ar data have been plot-
ted on an “‘initial argon” diagram (fig. 31)
(Shafiqullah and Damon, 1974); the slope yields
an age of 112X11 m.y. and an intercept of zero on
the argon axis. A zero intercept on this type of
diagram indicates that the rock system does not
have appreciable argon loss or excess argon, and
agreement of the slope age with the average of
the individual ages (112 m.y.) is generally under-
stood to mean that a crystallization age for the
system has been obtained (Shafiqullah and Da-
mon, 1974).

Besides the thermal episode defined by our
isochron age of the Nikolai, two other events af-
fected Wrangellia that may have caused heating
of the greenstone. The first was @ major orogeny
that resulted in folding and thrust faulting of
older rocks and intrusion of granitic rocks of the
Chitina Valley batholith in the eastern and south-
ern parts of the McCarthy quadrangle in the Late
Jurassic (MacKevett, 1978). The second event oc-
curred in the late Tertiary and is related to erup-
tion of lava—the Wrangell Lava—that is widely

TARLE 8.—K-Ar oges of whole-rock Nikvlai Greenstone samples

[M1 X, O analyses by Paul Klock, U.S. Geological Survey,
Manlo Park, Calif. Sample N2, argon analysis run at

U.S. Geological Survey, Menlo Park, Calif. Analysis:

M. L, silberman and C. L. Connor. Other samples zun
by Teledyne Isotopes, Westwood, N.J. BAnalyst:
Georgiana Kalechitz.]

Number Location Kq0 Age (m.y.)
(pexcent) I

Swan Swan Lake ==~-— 0,448 90.9 + 4.5
N1 Nikelai Creek -—- .53 105 +5
N2 --do. mmmmee .285 ui +s
N4 -~d6, ———-—— — .8l 108 +6
182 Bonanza Ridge —  .268 120 +6
8 . - —— - 1.29 131+ 7
11¢ =-=~do, —=—=—aa 932 13 + 6




distributed in the north half of the quadrangle.
Hypabyssal granitic and intermediate intrusions
probably related to Wrangell volcanism occur
throughout the quadrangle and give K-Ar ages
between 15 and 4 m.y. (MacKevett, 1978; M. L.
Silberman and E. M. MacKevett, Jr.. unpub.
data). The metamorphic ages of the Nikolai are
clearly younger than the first event and appear to
be unaffected by the second as well, since no vari-
ations in the K-Ar ages of the Nikolai can be re-
lated to distance from the hypabyssal intrusions
in the area.

Granitic plutons, with associated hydrothermal
alteration and disseminated copper and molyb-
denum mineralization, occur north of the
Totschunda fault, mostly in the Nabesna quad-
rangle, north of the McCarthy quadrangle. K-Ar
ages of rocks from these plutons are 105 to 118
m.y. (Richter and others, 1975: Silberman and
others, 1977). The nearest of these plutons, how-
ever, is more than 80 km from the dated samples
of the Nikolai and could not have affected our re-
sults.

We suggest that the 112-m.y.-old recrystalliza-
tion of the Nikolai Greenstone occurred during
frictional heating caused by accretion of Wrangel-
lia. Stratigraphic and structural evidence cited
previously (Jones and Silberling, 1979; Csejtey
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FIGURE 31.—Initial argon diagram for whole-rock samples from
the Nikolai Greenstone.

and St. Aubin, 1981) suggests that this age is &
good estimate of the “docking” of Wrangellia. The
data suggest that K-Ar whole-rock ages of
greenstones may be useful in determining the tim-
ing of accretion in other terranes that contain
them, such as the Chugach and Prince William
terranes. Evidently. greenstones are susceptible
to metamarphic recrystallization during accretion
and hold argon well enough to retain it during
minor postaccretionary thermal events.
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Recognition of two subterranes within the Wrangellia terrane,
southern Mount Hayes quadrangle, Alaska
By Warren . Nokleberg, Nairn R. D, Albert, Paige L. Herzon,
Ronny T. Miyaoka, and Richard E, Zehner

A major part of the Mount Hayes quadrangle
south of the Denali fault is a mosaic of tectono-
stratigraphic terranes. One of these, the Wrangel-
Jia terrane (Jones and others, 1977), forms an
east-trending belt about 180 km long and 45 km
wide.

Recent fieldwork has established the presence
of two subterranes within the Wrangellia terrane
of the Mount Hayes quadrangle. The southern
subterrane, herein designated the Tangle subter-
rane, forms a belt also about 180 km long and
with & minimum width of 30 km. The northern
subterrane is juxtaposed against the Tangle sub-
terrane along low-angle, north-dipping thrust
faulits in the central and western parts of the
quadrangle (Nokleberg and others, 1981).

The horthern subterrane consists of upper
Paleozoie island arc rocks and unconformably
overlying massive flows of the Triassic Nikolai
Greenstone (fig. 32) (Richter and Dutro, 1975;
Richter and others, 1977). The upper Paleozoic is-
land arc rocks consist of: (1) andesitic volcanic
and epiclastic rocks of the Tetelna Volcanics, here
of Pennsylvanian age; (2) voleaniclastic and cal-
careous voleaniclastic rocks of the Pennsylvanian
and Permjan Slana Spur Formation; and (3) ar-
gillite and Jimestone of the Permian Eagle Creek
Formation. The minimum stratigraphic thickness
of the islang arc rocks is 3,390 m. About 40 m of
unnamed Middle Triassic shale, chert, and lime-
stone disconformably overlies the upper Paleozoic
rocks. The overlying Nikolai Greenstone, of Mid-
dle and (or) Late Traissic age, consists of mas-
sive, subaerial, amygdaloidal basalt flows about
1,500 m thick. The Nikolai is disconformably over-
lain by a thin unit of unnamed gray limestone,
about 20 to 150 m thick, which contains Late(?)
Triassic fossils (Richter and others, 1977). The
base of Wrangellia is not exposed.

The Tangle subterrane is here named for prom-
inent exposures of rocks near the Tangle Lakes in
the southwest part of the quadrangle. These expo-
sures were included by Stout (1976) in the type
locality of his Tangle Lakes Formation. Pillow
basalt, included in the upper part of the Tangle
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Lakes by Stout, are here considered to be the
lower member of the Nikolai Greenstone. As so
defined, the Tangle subterrane consists of upper
Paleozoic sedimentary and tuffaceous rocks, in-

| trusive igneous rocks cutting the upper Paleozoic

rocks, and unconformably overlying pillow lava
and flows of the Triassic Nikolai Greenstone {fig.
32). The upper Paleozoic sedimentary rocks, at
least 875 m thick, consist of aquagene tuff, dark-
gray argillite. minor andesite tuff and flows, and
very sparse light-gray limestone. Upper Paleozoic
bryozoans from the limestone have been collected
and identified by N. J. Silberling (oral commun.,
1979). The upper Paleozoic rocks are intruded and
underlain by thick and extensive diabase, gabbro,
and cumulate rocks of the mafic and ultramafic
complex of Fish Lake. The Triassic Nikolai
Greenstone unconformably overlies the upper
Paleozoic rocks. Its lower member is about 1,020
m thick and consists of pillow basalt, minor vol-
canic breccia, and very minor argillite with
Daonella or Halobia (N. J. Silberling, oral com-
mun., 1979). Its upper member, which conforma-
bly overlies the lower member, is at least 4,350 m
thick and consists of massive, subaerial, amyg-
daloidal basalt flows. The base of the Tangle is
not exposed.

There are several important differences between
the Tangle and the northern subterranes of
Wrangellia (fig. 32): (1) the upper Paleozoic
rocks in the Tangle are much thinner than in the
northern subterrane; (2) the upper Paleozoic
rocks in the Tangle are predominantly aquagene
tuff and argillite with minor andesite, whereas the
upper Paleozoic rocks in the northern subterrane
are mainly andesite flows, breccias, and epiclastic
rocks; (3) the lower member of the Nikolai
Greenstone in the Tangle is absent in the north-
ern subterrane; and (4) massive basalt flows
forming the upper member of the Nikolai
Greenstone in the Tangle are at least three times
thicker than similar flows in the northern subter-
rane. These differences in stratigraphy indicate
the following differences in geologic history: (1)
in the Tangle subterrane, the upper Paleozoic
rocks formed in deeper water and at some dis-
tance from the site of submarine island-arc vol-
canism, whereas in the northern subterrane, the
upper Paleozoic rocks formed along the axis of

| volcanism; (2) in the Tangle, Triassic rifting and




basaltic volcanism were initiallly submarine,
whereas in the northern subterrane, Triassic rift-
ing and basaltic volcanism were initially subaer-
ial; and (8) during the later stages of rifting,
basaltic volcanism was much more voluminous in
the Tangle than in the northern subterrane. These
differences in geologic history indicate that the
Tangle and the northern subterrane of Wrangel-
Ha: (1) represent distal and near parts, respec-
tively, of the same upper Paleozoic island arc; (2)

Tangle subterrane

represent near and distal parts, respectively, of
the same Triassic rift system; and (3) have been
considerably tectonically shortened and jux-
taposed during terrane migration and accretion.
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Crass section showing accreted Andean-type arc and island are
terrancs in southwestern Mount Hayes quadrangle, Alaska

By Warren J. Nokleberg, Nairo R. D. Albert, Paige L. Herzon,
Ronny T. Miyaoka, and Richard E. Zehner

The southwestern part of the Mount Hayes

gquadrangle, south of the Denali fault, is com-"

posed of two large tectopostratigraphic terranes,
one of which is subdivided into two subterranes.
These terranes and subterranes are well exposed
along a traverse parallel to the north-south cross
section (fig. 33), which is based on geologic map-

ping accomplished in 1978 and 1979 and on earlier
mapping by Stout (1976). From north to south,
the terranes occurring along the cross section are:
(1) the Maclaren terrane, a fragment of an
Andean-type arc and (2) the Wrangellia terrane,
a fragment of an island arc with overlying rift
basalts (Jones and others, 1977).

The preceding paper (Nokleberg and others,
1980) has differentiated two subterranes within
the Wrangellia terrane of the Mount Hayes quad-
rangle, a northern subterrane and the Tangle sub-
terrane. Although both subterranes record a his-
tory of island-arc volcanism, comparison of their
stratigraphic columns indicates that the Tangle
represents a deeper-water counterpart of the
northern subterrane.

The southern part of the Maclaren terrane con-
sists of the Maclaren metarorphic belt (Smith,
1973), and the northern part counsists of the re-
gionally deformed and metamorphosed East
Susitna batholith. The Maclaren metamorphic
belt is a tectonically shortened, prograde,
Barrovian-type metamorphic belt and varies from
slightly metamorphosed argillite with lower
greenschist-facies metamorphism, to phyllite with
upper greenschist-facies metamorphism, and to
schist with amphibolite- and upper amphibolite-
facies metamorphism. The age of the original
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FIGURE 33.-North-south cross section showing accreted Andean-type arc and island arc terranes in southwestern Mount Hayes
guadrangle, eastern Alaska Range, Alaska. North end of section is ebout 5 km west of Broxson Gulch. South end of section

is about 1 km east of Glacier Lake.
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sedimentary rocks forming the Maclaren
metamorphic belt is unknown. Immediately north
of the Maclaren metamorphic belt, the relatively
younger East Susitna batholith consists predom)-
nantly of regionally metamorphosed and de-
formed diorite and more siliceous granitic rocks.
The contact between the East Susitna batholith
and the Maclaren metamorphic belt is mainty a
tectonically shortened intrusive contact along
which occur fault-bounded lenses of metamorphic
and plutonic rock and sparse dikes. The Maclaren
terrane is bounded on the north by the right-
Jateral, strike-slip Denali fault and to the south by
the Broxson Gulch thrust system.

The Wrangellia terrane, south of the Maclaren
terrane, includes two subterranes. The northern
subterrane, consisting mainly of upper Paleozoic
island arc rocks and discomformably overlying
massive rift basalt flows of the Triassic Nikolai
Greenstone {(Stout, 1976; Richter and others,
1977), occurs as tectonically dismembered thrust
slices within the Broxson Gulch thrust system
(fig. 33). The upper Paleozoic island arc rocks
consist mainly of andesite flows, breccia, epiclas-
tic rocks, argillite, and limestone of Pennsylva-
nian and Permian age (Richter and other, 1977).
The Nikolai Greenstone consists of massive, sub-
aerial, amygdaloidal basalt flows (Richter and
others, 1977). The base of Wrangellia is fault
bounded.

The recently identified Tangle subterrane is a
deeper water variant of the northern subterrane
described above, consisting of a relatively thin
sequence of upper Paleozoic sedimentary and tuf-
faceous rocks and a relatively thick sequence of
unconformably overlying Triassic pillow lava and
flows of the Nikolai Greenstone. This subterrane
is defined and described in more detail in the
companion paper (Nokleberg and others, 1981).
The Tangle is bounded on the north partly by the
Broxson Guich thrust system and partly by the
Eureka Creek thrust fault, both of which separate
it from the northern subterrane. The base of the
Tangle is fault bounded. Included in the Tangle
are gabbro dikes and sills and the large mafic and
ultramafic stratiform complex of Fish Lake previ-
ously designated the ophiolite of Tangle Lakes
(Nokleberg and others, 1979). Detailed mapping
during 1979 shows that this complex grades up-

ward into gabbro and diabase, which intrude and
contact metamorphose the lower member of the
Nikolai Greenstone. Therefore, the term ophiolite
of Tangle Lakes is herein replaced by the term
mafic and vltramafic complex of Fish Lake.

Along the folded Fish Lake thrust, part of the
Tangle, including the mafic and ultramafic com-
plex of Fish Lake, is thrust over the Nikolai
Greenstone that is also part of the Tangle subter-
rane (fig. 33).

The Nikolai Greenstope and the mafic and ul-
tramafic complex of Fish Lake represent rift-type
magmatism occurring along a Triassic spreading
center (Nokleberg and others, 1981). Initially,
rifting was submarine in the Tangle and mainly
subaerial in the northern subterrane. The strati-
graphic and structural characteristics of the
fault-bounded Maclaren and Wrangellia terranes,
as well as of Wrangellia’s two subterranes, are so
greatly different that they indicate different
geologic histories. Large-scale tectonic move-
ments are required to juxtapose and accrete such
diverse terranes and subterranes.
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Placer gold deposits, Mount Hayes quadrangle, Alaska
By Warren Yeend

Placer gold deposits have been worked discon-
tinuously in the Mount Hayes quadrangle since
the early 1900's. Gold production in the Slate
Creek district, the wost active, is in excess of
100,000 troy ounces. During the summer of 1979,
four different properties in the south half of the
guadrangle were being worked, of which three
were in the Slate Creek area.

The Tertiary through Holocene history of the
Slate Creek area is complex. The area has been
fragmented by Tertiary faulting and subsequently
glaciated. Local base level was thus raised sub-
sequent to the development of the preglacial,
gold-bearing ancestral Slate Creek

The gold througbout the quadrangle occurs in
poorly sorted gravel of diverse origin—alluvium,
fans, colluvium, and drift. Well-rounded boulders
and cobbles derived from Tertiary(?) conglomer-
ate are common in the deposits. Gold nuggets are
rare and seldom exceed 6 mm in diameter. The
bulk of the gold occurs as thin plates Jess than 1
mm in diameter. Large quantites of black sand in
the heavy concentrate make complete separation
of the gold more difficult.

The source of the gold seems most likely to be
the Tertiary(?) conglomerate that occurs in small
isolated outcrops and commonly as small fault
slivers. In the Slate Creek area, Tertiary(?) con-
glomerate caps the high hills to the north between
Slate Creek and the Chistochina Glacier. This
conglomerate has been locally referred to as
“round wash” because of the abundance of well-
rounded boulders (as much as 30 cm diameter)
capping the mountain tops. This concentration of
rounded boulders represents a regolith developed
on the underlying mafic conglomerate, which here
dips approximately 30° N. This same conglomer-
ate has been faulted down into a graben in this
locality and occurs as isolated, narrow outcrop
slivers in Slate Creek. The conglomerate here has
been vertically offset by as much as 460 m. Heav-
ily stained and tarnished gold from Tertiary(?)
conglomerate was panned in low concentrations
as far away as 50 km west of Slate Creek within
the Rainy Creek drainage. Gold from Tertiary(?)
conglomerate now occurs in economic or near
economic grade only by virtue of the concen-
trating powers of the Pleistocene and Holocene
streams.
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Tectonic (mplications of framework grain mineralogy of
sandstone from the Yakutat Group

By G. R, Winkler and George Plafker

Highly deformed and variably metamorphosed
Cretaceous flysch, greenstone, and melange form
an arcuate belt at least 1,700 km long and as
much as 100 km wide along the continental mar-
gin of southern Alaska (Plafker and others, 1977).
This belt of Cretaceous rocks has been termed the
Chugach terrane by Berg, Jones, and Richter
(1972), inasmuch as the widest part of the belt
comprises the core of the Chugach Mountains.
Flyschoid sandstone and pelitic rocks predomi-
nate in the belt and are known as the Shumagin
and Kodiak Formations, the Valdez Group, the
flysch facies of the Yakutat Group, and part of the
Sitka Graywacke. In contrast to other rocks of the
Chugach terrane, the Yakutat Group occupies a
structurally anomalous position seaward of the
Fairweather fault and crops out only on a separate
crustal plate, the Yakutat block (Plafker and
others, 1978; George Plafker, unpub. data).

The Yakutat Group petrographically contrasts
with coeval rocks of the Chugach terrane. Modal
analyses of 35 thin sections of sandstone from the
Yakutat Group have shown a distinctive mineral-
ogy that differs from the mineralogy of other
sandstones within the Chugach terrane. Mean val-
ues for framework grain compositions of
sandstones from the Shumagin (Moore, 1973) and
Kodiak Formations { Winkler, 1979) and the Val-
dez Group (Mitchell, 1979) are plotted with new
data from the Yukatat Group on Q-F-L and rock-
fragment ternary diagrams (fig. 34). The abun-
dance of volcanogenic detritus in the Chugach
terrane demonstrates its general magmatic arc
provenance. Mean rock-fragment abundances
generally are above 50 percent for samples from
the Chugach terrane, but the samples from the
Yakutat contain much more quartzofeldspathic
detritus, which is indicative of derivation domi-
nantly from a plutonic terrane (Dickinson, 1970).
The greater abundance of feldspar in the Yakutat
samples is especially pronocunced. The rock-
fragment component of the Yakutat samples is
correspondingly less. Additionally, the propor-
tions of various rock-fragment types for the
Yakutat samples differ greatly from those for
Chugach terrane samples (Zuffa and others,
1980). More than one-quarter of the rock frag-




ments in sandstone from the Yakutat Group, on | proportion of plutonic rock fragments averages
the average, were derived from intermediate | only about one-twentieth, although plutonic de-
plutonic rocks; for the Chugach terrane, the | tritus seems to increase eastward (Zuffa and
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others, 1980). This increase may indicate progres-
sively deeper erosion of the source arc to the east,
with widespread exposure of its roots.

The characteristically high proportion of
plutonic detritus in sandstone from the Yakutat
Group may have important implications for the
configuration of the Chugach terrane. If the
Yakutat Group is corvelated correctly with other
flysch, greenstone, and melange of the Chugach
terrane, then the abundance of plutonic detritus
in the Yakutat Group may indicate that it had the
most easterly source of any of the Chugach rocks.
However, the Yakutat Group ¢rops out northwest
of more volcanogenic facies of the terrane—the
Valdez Group and unnamed rocks in Alsek and
Fairweather Ranges (Plafker and Campbell, 1979)
and the Sitka Graywacke (Brew and Morrell,
1979)—and is separated from them by the
dextral-slip Fairweather fault. The present posi-
tion of the Yakutat Group is most likely to have
resulted from large-scale post-Cretaceous dis-
placement of the Yakutat block northwestward
with respect to other parts of the Chugach ter-
rane. Alternatively, the distinctive petrography of
sandstone from the Yakutat Group may be inter-
preted to preclude correlation with the other
flysch sequences in the Chugach terrane. It is
possible that the Yakutat block could be a totally
independent structural element that has been for-
tuitously juxtaposed against coeval rocks of the
Chugach terrane.
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Paleomagnetic evidence for northward movement of the

Chugach terrane, southern and southeastern Alaska
By Shermun Gromm¢ and Joho W. Hillhouse

The Chugach terrane is subparallel to the conti-
nental margin of southern and southeastern
Alaska ( Berg and others, 1972, 1978 ) and is
composed of late Mesozoic flysch and mafic vol-
canic rocks that are intruded by mafic and grani-
tic igneous rocks. Plafker, Jones, and Pessango
(1977) and Plafker and Campbell (1979) have re-
cently shown that this tectonostratigraphic ter-
rane is continuous from Kodiak Island on the
northwest to Baranof Island on the southeast.
Paleomagnetic poles have been obtained from two
widely separated localities within the Chugach
terrane (fig. 35). The northwestern locality con-
sists of sheeted mafic dikes and pillow basalt
forming much of the Resurrection Peninsula
south of Seward, These rocks are part of the Val-
dez Group and are probably of Late Cretaceous
age (Tysdal and others, 1977). The southeastern
locality is in the Fairweather Range west of
Glacier Bay, where the Chugach terrane is in-
truded by several large plutons of layered gabbro



(Rossman, 1963). The paleomagnetic data come
from two of these gabbro plutons, the La Perouse
and Astrolabe. Radiometric age dating indicates
that the La Perouse gabbro pluton is probably 41
m.y. old (Hudson ang Plafker, 1981); the concor-
dance of paleomagnetic directions in the twogab-
bro bodies indicates that they are the same age.
The paleomagnetic poles obtained from these
two areas are markedly anomalous (fig. 35). In
both cases, the paleomagnetic declinations are
approximately 90° W. of what would be predicted
from the known polar wandering path for the
North American craton, However, at both sites,
the observed paleomagnetic latitudes are 25° to
26° S. of the latitudes predicted for their respec-
tive ages. The notable coincidence of these two
results apparently requires that the entire
Chugach terrane moved northward through about
25° in latitude and rotated counterclockwise

FIGURE 35.—Paleomagnetic poles from the Reaurrection Penin-
sula (RP) snd the La Perouse and Astrolabe gabbro plutons
{LA). Squeres are sampling localities, dots are observed
paleomagnetic poles, and triangles are reference
paleomagnetic poles for the North American craton in Cre-
taceous (C) and Oligocene (O) timme. Paleomagnetic poles
are enclosed by circles of 95 percent confidence. Observed
paleomagnetic meridians are shown as solid lines; predicted
paleomagnetic meridians are shown as daghed lines. Ob-
served and predicted paleomagnetic colatitudes are shown
beside the respective meridians.

about 90°. Because the two observed paleomagne-
tic declinaton anomalies are nearly identical, one
possible interpretation is that the Chugach ter-
rane was not significantly distorted in its overall
shape during accretion. However, the arcuate
shape of the terrane and the structural trends
within it, which follow the so-called “Alaska oro-
cline,” may be evidence against this interpreta-
tion. Alternatively, all of the Chugach terrane
could have moved northward at the same time,
with gross deformation accompanying collision,
and therefore the similarity of the paleomagnetic
declination apomalies would be fortuitous.

The age determinations for the La Perouse gab-
bro pluton require that all of the northward
movement of the Chugach terrane has occurred
since about 41 m.y. ago. A constraint on the time
of collision is the existence of the Yakataga For-
mation, which is distributed seaward of the
Chugach terrane from Middleton Island, south of
Prince Willlam Sound, eastward to Icy Point not
far from the La Perouse gabbro. The Yakataga
Formation is Miocene through Holocene in age
and consists of a thick sequence of glaciomarine
deposits interbedded with normal marine clastic
rocks. Plafker and Addicott (1976) have shown
that the lithology, sedimentary structures, and
molluscan fauna of the formation suggest the pre-
sence of active tidal glaciers or an ice shelf along
the landward margin of the basin, possibly begin-
ning in early or early middle Miocene time.
Clearly, the Yakataga Formation, and therefore
the Chugach terrane to the north, must have been
nearly as far north in Miocene time as they are
today. If the entire northward movement of the
Chugach terrane took place between 41 m.y and
20 m.y. ago, then the minimum rate of crustal
plate motion was 14 cm/yr; this rate is slightly
more than the upper limit of contemporary abso-
lute plate velocities,
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Blocks and belts of blueschist and greenschist in the northwest-
ern Valdex quadrangle

By G. R. Winkler, R. J. Miller, and J. E. Case

Newly discovered blue amphibole-bearing schis-
tose rocks have two distinct modes of occurrence
in the northwestern Valdez quadrangle: (1) as
blocks in melange along regional faults, and (2)
as a continuous belt, 40 km long and as much as 4
km wide, which is enclosed by the McHugh Com-
plex of Jurassic and (or) Cretaceous age.

Blocks of schistose rocks oceur in at least two
areas in the northwestern part of the quadrangle
(locs. A and B, fig. 36). The western block is en-
closed within a melange zone 4 km wide that con-
sists dominantly of serpentinized ultramafic
rocks, rodingite, and sheared gabbro and also
contains diverse metamorphosed and virtually
unmetamorphosed volcanic and sedimentary
rocks ranging in age from Triassic 1o
Paleocene{?). The larger eastern block is at least
2 km in strike length and perhaps 250 m thick
and is associated with elongate bodies of marble
that mark a major fault within the McHugh Com-
plex.
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The discrete belt of schistose rocks divides the
McHugh Complex west of Klutina Lake into
northern and southern segments of about equal
width. Four klippen of the main belt (locs. C and
D, fig. 36) occur in the southern segment of the
McHugh Complex, The belt of schistose rocks is
bounded on its upper and lower contacts by
melange ranging in thickness from only a few
meters to more than a kilometer. The most con-
spicuous components are blocks of marble of
widely varying size and shape, which are sus-
pended in an argillite to phyllite matrix. The belt
of schistose rocks and bounding melange is en-
closed by the McHugh Complex, which consists of
relatively coherent volcanogenic clastic rocks,
bedded chert, marble, pillow basalt, and mafic
breccia and tuff that are cut by humerous faults.

Regardless of their occurrence, the schistose
rocks are chiefly intercalated greenschist and
blueschist but include nearly pure muscovite and
actinolite schists, graphitic schist (particularly
near contacts with melange), and highly siliceous
or calcareous rocks. In most blueschist, the typi-
cal mineral suite of crossite, epidote, and calcite
and the sporadic presence of garnet indicate rela-
tively high temperatures and pressures, which are
transitional with greenschist metamorphic condi-
tions. Affinities with the greenschist facies also
are indicated by the common occurrence of as-
semblages containing some combination of chlo-
rite, muscovite. actinolite, stilpnomelane, and al-
bite. In some blueschist, however, the coexistence
of glaucophane and lawsonite with epidote and
and calcite indicates relatively lower tererature,
high-pressure metamorphic conditions. At pre-
sent, parageneses are not well defined, but nearly
complete thermal upgrading of glaucophane-
lawsonite agsemblages may be responsible for the
dominance of relatively higher temperature min-
erals.

The greenschist and associated blueschist in the
northwestern Valdez quadrangle are similar, in
mineralogy and lithologic associations, to rocks on
the Kodiak Islands and near Seldovia (Carden
and others, 1977), near the Knik River (Carden
and Decker, 1977), and near Chitina (Metz, 1976).
Forbes and others (1979) have interpreted these
occurrences as segments of a discontinuous sub-
duction assemblage siretching from the Kodiak
Islands to Chichagof Island in northern south-



eastern Alaska. K-Ar data from the Kodiak, Sel-
dovia, and Knik River schistose rocks suggest that
they were emplaced by Early Jurassic time, prior
to development of the McHugh Complex and
prior to late Mesozoic or early Cenozoic suturing
along the Border Ranges fault (MacKevett and
Plafker, 1974). However, recently determined
K-Ar ages on actinolite and sericite concentrates
from greenschist and associated blueschist on
Chichagof Island range from 106 to 91 m.y. or
middle Cretaceous (Decker and others, 1980).
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Thus a distinctly younger age of emplacement is
probable for schistose rocks in southeastern
Alaska.

The position of the newly discovered greenschist
and blueschist belt south of the Border Ranges
fault system in the interior of the McHugh Com-
plex likewise may indicate preservation of a mid-
dle Cretaceous subduction assemblage, but blocks
of blueschist to the north in the melange and
ajong regional faults may be related to either the
Early Jurassic or middle Cretaceous emplacement
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events. These alternatives are being tested by our
continuing geochronology studies in the Valdez
quadrangle.
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Layered gabbroic belt of regional extent in the Valdez quad-
rangle

By G. R. Winkler, R. J. Miller, M. L. Silbermas, Asthur Grants,
J- E. Case, and W. J. Pickthorn

A mafic plutonic belt, at least 120 km long and
as much as10 km wide, extends from east to west
across two-thirds of the Valdez 1:250,000 quad-
rangle (fig. 36) and continues westward into the
Anchorage quadrangle, at least as far as the
Matanuska Glacier. In the Valdez quadrangle. the
plutonic belt consists mostly of distinctly layered
gabbro, with minor ultramafic and dioritic rocks.
The layered gabbro coincides with very large posi-
tive aeromagnetic and gravity anomalies (An-
dreason and others, 1958: Barnes, 1977; U.S.
Geological Survey, 1979), permitting extrapola-
tion of its position eastward as a continous belt
beneath surficial deposits of the Copper River
basin to at least as far as the Copper River.

Ip the northwestern part of the Valdez quad-
rangle, the southern margin of the layered gabbro
is cut by a melange zone as wide as 4 km that de-
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limits the Border Ranges fault zone. The melange
includes extensive serpentinmized ultramafic rocks
and rodingite, as well as blocks of layered gabbro,
glaucophane schist, pillow basalt, marble, chert
of Triassic and Cretaceous ages, and diverse
metamorphosed and virtually unmetamorphosed
sedimentary rocks, including conglomerate that is
similar to the Chickaloon Formation of Paleocene
age. East of the bordering melange, the southern
margin of the layered gabbro has a much nar-
rower faulted boundary. Cataclastic modification
of mineral layer ing in the gabbro near the bound-
ary is severe, and in many places the fabric of the
gabbro is totally sheared and includes boudins of
country rock.

South of the layered gabbro and separated from
it by the Border Ranges fault is the Jurassic and
(or) Cretaceous McHugh Complex, a subduction
assemblage of relatively uniform and coherent
volcanogenic clastic rocks, bedded chert, and
mafic basalt and tuff cut by numercus fault zones
marked by melange. Widely scattered throughout
this complex are bodies of thouroughly shecared
and altered mafic plutonic rocks, which may be

remnants of the layered gabbroic belt that were

incorporated within the McHugh as it formed.
The northern boundary of the layered gabbro
generally is not well exposed, but in most places it
appears to be a narrow fault zone. In at least two
places, however, apophyses of the main gabbro
intrude mafic volcanic and volcaniclastic rocks of
the Lower Jurassic Talkeetna Formation, and
septa of apparent hornfelsed rocks of the forma-
tion are widely scattered in the northern part of
the pluton. Two preliminary K-Ar hornblende ages

of153 and 152 m.y. (Late Jurassic) for the gabbro

are consistent with this interpretation.

Compositional layering in the gabbro is present
in many places and generally is quite conspicuous.
In a few places, large blocks of more leucocratic
rock—also layered—have foundered into the main
pluton, but volumetrically these blocks are minor.
The gabbro consists predominantly of calcic
plagioclase, pyroxene, and deuteric hornblende
replacing or molded upon pyroxene (table 9) and
has color indices averaging about 40. Magnetite
and quartz are common accessory winerals, and
pyrite, K-feldspar, and biotite are present in a few
samples, o
The layered fabricandmineralogy of the gabbroic



TABLE 9.—Summary of major oxide, trace element, and modal
dala for the lqvered gabbroic plutonic belt m the Valde: quad-
rangle

[Ma jor oxidea analyzed by X-pay spectroscopy; analyst:

G. Kawakita, Trace elementa analyzed by emigaion spec-
troacopy; analysts: A. Dorrzapl and K. Mohlmann. Modal
analyses based on thin-seation point counts {800-1100
points per sample); analyst: W. J. Pickthern,)

Major oxides {normalized {n percent, five samples)

Range Mean
$10ycmmmmmrmmm e oo 143,3-56.5 L. uo
Alp0g=mmmmmmm oo - V7.0-29.6 22.26
Fep0y8anmmmmmm oo eaee 3.6-11.8 8.73
O Y 3.9-5.9 4,78
Ca0-mmmm e 7.8-16.7 2.0t
Nap0mmmmmmmm oo am - 1.3-3.1 2.37
KpOmmmmmm e cmm oo e 0.01-1.15 0.40
PL0p-nmmmmmmmmmmmme oo 0.06-1.01 0.71
PyOgmmm—mm o= wwmom cammnn 0.14-0.34 0.22
MNO==m= e rmm = 0.06-0,21 0.14

Trace eclements (parts per million, five gamples)

Range Mean
BA———mm—eemmmmmmmmmmmmm e 95-420 207
o SRR — 14-83 41
(o e T —— 16- 140 73
| —_ 1y-60 28
§Commmmm e mmmemeem 14-62 37
N e e LR e ] 370-930 671
Vo e e uy-280 199
| JENUNUIR SN — 2-22 13
2N m e —————————— 83-190 123
2 T e — 4-90 4y

Modal analyses (normalized in pércent, 11 zamples)

Mineral Range Mean
K-feldspar——e—-mmmmmmmaa-n -~ 0.0-1.6 0.15
Plagloclagaommmmmmmmmoeeee 34.8-70.1 59.17
Quartz 0.0-3.3 1.46
aAmphibole/Pyroxene—-—--- 25.8-63.0 37-37
Magrietit@mammmmaacmmee - — 0.0-5.2 1.67
Pyrite———mmm oo -— 0.0-0.6 0.18

®Total i{ron as Pe203.

rocks led Ragan and Grybeck (1966), on the basis
of limited observations near Tonsina, to describe
them as hornblende-pyroxene granulite and
quartz diorite gneiss. Qur regional fieldwork,
however, confirms the basic plutonic character of

‘the layered gabbro belt.

[n many places, partially layered and incom-
pletely serpentinized ultramafic rocks are jinter-
layered with the gabbroic rocks. The ultramafic
rocks are diverse and include the predominantly
dunite bodies at Bernard Mountain and Dust
Creek (Hoffman, 1974) and numerous smaller
bodies near the southern margin of the gabbro
that are predominantly peridotite and clinopyrox-
enite. The widespread spatial association of gab-
bro and ultramafic rocks suggests an approximate
contemporaneity and a genetic link.

Chemically, the gabbro has tholeiitic affinities,
as indicated by relatively low mean oxide values
for Si0q, Na,0. and X0 and by a relatively high
mean value for CaO (table 9). The relatively low
mean value of TiO: and low mean values for the
trace elements Cr, Ni, Y, and Zr are very similar
to values for so-called “island-arc” tholelites, as
defined by Jakes and Gill (1970), Pearce and
Cann (1973). and Pearce (1975). The Valdez gab-
broic rocks may represent the tholeiitic base or
most mafic part of a magmatic arc, but such a
hypothesis cannot be verified at present, inas-
much as coeval or younger arc-related volcanic or
volcaniclastic rocks have not been identified. For
example, it is not yet clear whether the layered
gabbro is an unusually mafic westward extension
of the Tonsina-Chichagof Mesozoic plutonic belt of
Hudson (1979) or whether it is an entirely distinct
belt.
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Surficinl deposts of the Valder quadrangle, Alaska
By John R. Williams and Kathlecn M. Johnson

A 1:250,000-scale map (generalized in fig. 37)
showing the distribution and character of surficial
deposits is being prepared as part of the Alaska
Mineral Resources Assessment Program (AM-
RAP) folio for the Valdez quadrangle. This map is
intended to provide information needed for de-
velopment of the mineral resources, including
sand and grave]; it describes foundation condi-
tions for access roads and structures, availability
of granular material for borrow, slope stability,
and extent of permafrost. The map is based on
field studies by J. R. Williams (unpub. data,
1952-57), D. R. Nichols (Nichols and Yehle,
1969), L. A. Yehle (Yehle, 1980), H. W. and E. B.
Coulter (Coulter and Coulter, 1961, 1962), and by
the authors in 1978 and 1979. The quadrangle in-
cludes part of the Chugach Mountains, the south-
ern part of the Copper River basin, and the
southwestern flank of Mount Wrangell, and active
Voleano.

The Chugach Mountains border the Gulf of
Alaska with a fiord-indented coastline that in-
cludes Port Valdez. Much of the southern and
central parts of the mountains is covered by snow
fields and glaciers, the distribution of which re-
flects a snowline that becomes lower southward
toward the source of moisture-laden winds off the
ocean. During late Wisconsinan time, snowline
also sloped southward but was 200-300 m lower
(Péwé§, 1975, fig. 9), and snowfields extended
farther north, feeding valley glaciers that ex-
tended from the northern Chugach Mountains
into the Copper River basin beyond the northern
limits of the quadrangle. Some of the front ranges
of the northern Chugach Mountains did not sup-
port local glaciers in late Wisconsinan time and
were invaded by glaciers moving down the major
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valleys to form complex morainal systems and
local glacial lakes, such as those in the area be-
tween Hudson and St. Anne Lakes. Retreat of
these glaciers beginning about 11,000-12.000
years ago (Ferrians and Nichols, 1965, p. 111) left
a mosaic of glacial til). kame-esker deposits, allu-
vial fans, and talus cones that has been cut by
outwash channels and by modern streams. Heads
of the mountain valleys that supported local
glaciers have complexes of end moraines and rock
glaciers, the positions of which depend on the ex-
tent to which the surrounding mountains inter-
cepted local firn line during its post-late Wiscon-
sinan rise. Before 8,000 years ago. glaciers in
most mountain valleys had retreated to positions
near or headward of their present positions; many
readvanced to form Holocene moraines within 1-3
km of present galcier termini.

The late Wisconsinan glaciers filled the Copper
River basin within the Valdez quadrangle and
fronted in a glacial lake (Lake Atna of Nichols,
1965). The lake persisted during the retreat of the
ice, as shown by lake sediments extending far into
mountain valleys and by the locally prominent
shoreline about 750 m above sea level, Stability of
this shoreline probably reflects the presence of a
threshold to the north of the quadrangle while the
waters were held in by a solid ice dam along the
Copper River in the Chugach Mountains. Retreat
of the glaciers weakened the ice dam, and the lake
drained southward through the Copper River can-
yon before 9,000 years ago (Ferrians and
Nichols, 1965, p. 93, 111), or perhaps before
10,000 years ago. As the lake drained, many
transitory shorelines (mapped by Nichols and
Yehle, 1969) were formed. Levels of stability dur-
ing drainage of the luke are shown by strandlines
at 700 m above sea level that are most prominent
north of the quadrangle (Ferrians and Nichols,
1965, figs. 8-40) and by deltas on several
tributaries to the Copper River at 475-488 m
above sea level. After final drainage of the glacial
lake, streams rapidly incised the former lake
floor, exposing lacustrine, glacial, fluvial, and
diamicton deposits of late Wisconsinan age and
underlying deposits of the same type, indicating
that similar sequences of events took place in ear-
lier glacial episodes. Past-late Wisconsinan de-
posits include cliffhead dune, flood-plain, terrace,
and fan deposits.

The summit of Mount Wrangell is covered by a
large snowfield that supplies glaciers that flow or
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cascade into the upper ends of deep valleys cut
through the flanks of the mountain. During late
Wisconsinan time these deep valleys were filled
with glaciers that joined the glacier moving
northward in the Copper River basin. No signifi-
cant flows of lava have been erupted since late
Wisconsinan time, but lava flows mantled by late
Wisconsinan drift are interlayered with Quater-
nary unconsolidated deposits as far west as the
Copper River. Volcaniclastic debris flows, also in-
terbedded with unconsolidated deposits, extend
as much as 65 m southwest of the summit of
Mount Wrangell but in most localities are strati-
graphically lower than the lava flows.

Although the surficial deposits of the Valdez
quadrangle are largely a product of late Wiscon-
sinan glacial and glaciolacustrine deposition, 26
radiocarbon dates have failed to define the age of
the last drift and lacustrine deposits more pre-
cisely than between 10,250 years and greater than
40,000 years, the approximate limit of the dating
method. Many of the dates, however, are useful in
providing ages for formation of bogs on the sur-
face of the youngest drift and for formation of
cliffhead dunes, as well as providing minimum
ages for the underlying deposits.
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Deglaciation and sea-Jevel fluctuntions in Port Valdez, Aluska
By John R. Williaums and Henry W. Coulter

Port Valdez is the upper part of a fiord extend-
ing from Prince William Sound northward and
eastward into the glacier-clad Chugach Mountains
(fig. 38). Shoup and Valdez Glaciers, fed by the
vast snowfields of the central Chugach Moun-
tains, are separated from Port Valdez by outwash
deltas. Lowe River and Mineral Creek also form
deltas at the margin of Port Valdez. Previous
studies (Tarr and Martin, 1914; von Huene and
others, 1967) have established that Port Valdez is
a very deep, flat-bottomed, glacially scoured val-
ley that has been partly filled with Holocene sed-
iments trapped behind the bedrock threshold at
Valdez Narrows. In late(?) Wisconsinan time,
Port Valdez was filled by glacier ice that reached
about 975 m above sea level and moved westward
toward the outlet at Valdez’'Narrows, as shown by
the position of hanging valleys and freshly
secoured rocky mountainsides. Although no reces-
sional moraines of the Port Valdez glacier have
been found, tributary valley glaciers in the moun-
tains to the south were extended beyond their
present pasitions during or after retreat of the
glacier at Port Valdez and formed recessional
moraines near the southwest corner of the oil
terminal and reached the south shore of Port Val-
dez along Allison Creek. Glacial striae on bedrock
at tidewater east of the Fort Liscum landslide
suggest that a tributary glacier entered Port Val-
dez after recession of the main glacier. Lateral
moraines bordering Shoup Glacier, an end
moraine beneath the spit at the mouth of Shoup
Bay. end moraines adjacent to Valdez Glacer, and
moraines adjacent to some of the smaller glaciers
are believed to be of Holocene age.

Stratigraphic evidence bearing on the recession
of the Port Valdez glacier and subsequent rise in
sea level was obtained from test borings at the
new site of the city of Valdez on the Mineral Creek
fan (Shannon and Wilson, 1964) after destruction
of the old city during the 1964 earth-




quake (Coulter and Migliaccio, 1966). Mineral
Creek has deposited a high-energy fan-delta
complex amid bedrock islands in Port Valdez ( fig.
88) as shown in the log of borehole 6 (Shannon

and Wilson, 1964):

Log and interpretation of sedimentx in dorehole 6

'
FElevation above or

below mean low fow
woter { meters)

+2.4t0 +2.0

+2.0t0 —6.0

—6.0 to —14.2

—14.2 o -15.9

—15.9 to —16.2

-46.2 10 —)18.8

—18.8 to —22.0

—22.0 to —30.0

Log of materiols

Organic and silt.
roots, reeds, etc.

Medium dense to
very dense sand
and gravel.

Medium dense, very
fine to medivm
gilty sand with
occasional zones
of gravel.

Stiff dark-gray
slightly clayey
silt. with traces of
sand and sandy
silt. partings,
wood, and ghell
fragments.

Stiff yellow-brown
peat (sampled for
spores and pollen
for radiocarbon
analysis)

Hard. slightly clayey
silt with grave!l
and rock
fragments.

Very dense sand and
gravel.

Suff to very stiff
clayvey silt with
occasional gravel. .

Paterpretation by
Willimx und Coulter
{ exeept as noted)

Topset delts or fan
deposits.

Foregat delta beds.

Bottomset ( marine)
delta beds.

Fresh-water bog
deposit,
subsequently
drsined and
oxidized.

Glaaal #ill with some
interbeds of very
stiff marine silt and
dense gravel { fram
—18.8 t6 —22.0 m)
(Shannon and
Wilson, 1964, p. 7).

A sample of peat from —15.9 to —16.2 m was

radiocarbon dated by Meyer Rubin, U.S. Geologi-
cal Survey (written commun., 1965) at
9,5201350 years (W-1654). Examination of this
sample for spores and pollen by Estelia Leopold,
U.S. Geological Survey (U.S. Geological Survey
paleobotanical locality D3791; written commun.,.
1972) shows that the environment of deposition of
the primitive flora, largely fern pollen and moss
spores, was:

a shallow-water environment, and that the local vegetation was
mainly herbs, shrubs, ferns, and mosses. The scarcity of tree
pollen indicates thal the forest border was miles away “**

The great abundance of ferns is perplexing, and probably in-
dicates a high precipitaiton or very humid conditions. The pol-
len =™ corroborates evidence for a low stand of sea level for
this late glacial or early postglacial interval.

The high fern content is similar to that in the
lower part of bog sections studied by Heusser
(1960, p. 94, fig. 19) on Montague and Hiochin-
brook Islands at the southern margin of Prince
William Sound and on Perry Island in western
Prince William Sound where the basal date is
8.4401350 years. However, the Valdez bog was
apparently drained and its deposits oxidized be-
fore burial by marine sediments sometime shortly
after 9,520 years ago, whereas the bogs studied
by Heusser, being above present sea level, con-
tinued to receive deposits that contained increas-
ing amounts of tree pollen as the forests de-
veloped in early postglacial time.

The section in borehole 6 at Valdez shows that
the sediments below —16.2 m were probably de-
posited by a late Wisconsinan glacier that re-
treated from Port Valdez before 9,520 years ago,
that a subaerial fresh-water bog developed on
these deposits about 9,520 years ago. and that,
after that date, the bog was drained and covered
by marine sediments and by foreset and topset
beds deposited as the Mineral Creek fan-delta ad-
vanced into Port Valdez as sea level rose. The date
for deglaciation of this part of Port Valdez, more
than 9,520 years ago. compares well with the less
precise estimates by von Huene and others (1967,
p. 263-264) of 7,000 years ago (limits 3,900 to
9,800 years) based on the rate of accumulation of
sediment and volume of Holocene sediments im-
pounded in Port Valdez behind the bedrock
threshold at Valdez Narrows.

Burial of the fresh-water peat by marine sedi-
ments at a depth of 16 m below present sea level
is assumed to have taken place shortly after 9,520
years ago, but no limiting younger date is avala-
ble to define the interval between deposition of
the bog and burial by marine sediments. Eustatic
sea level during the period shortly after 9.520
years ago was about —20 m (Fairbridge. 1961, fig.
14; Flint, 1971, p. 326, fig. 12-3) in a time of fluc-
tuating, rapidly rising sea level. About 8,600
years ago, sea level attained a minor high stand of
—13 m (Fairbridge, 1961, fig. 14). The Valdez rec-
ord, therefore, appears to fall within the limits of
the world wide record, despite the fact that it is in
a tectonically active region.
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Ysotopic data bearing on the origin and age of the cpithermal
lode gold depesits in the Hope-Sunrise mining district, northern
Kenai Peninsula, Alaska

By Milex L. Silberman, Pater A. Mitchell', and James R. O'Neil

Preliminary stable isotope and K-Ar age data on
the gold-bearing veins in the Hope-Sunrise min-
ing district help establish their origin and age of
emplacement. Volcaniclastic-rich sedimentary
rocks of the Valdez Group, which crop out in an
approximately north-south belt in the region (fig.
39) have been metamorphosed tp lower green-
schist facies and now consist of schistose
graywacke, metasiltstone, and slate. The fissure
vein deposits are localized by steep west-
northwest- (dominant set) and north-trending
joints and faults in the metasedimentary rocks
that are believed to have formed after the de-
velopment of regional axial plane cleavage
oriented approximately N. 20° E. and dipping
steeply east and west (Mitchell, 1979). Granitic
dikes, some of which are mineratized, are
localized by the same steep structures as are the
fissure veins.

Thin irregular quartz veins occur throughout
the area and in general parallel the regional
cleavage. These veins, which consist of white,
fine-grained and massive quartz, are believed to
be the product of metamorphic segregation. They
are notably free of sulfides and iron-oxide. Gold-
bearing veins contain quartz and calcite as princi-
pal gangue miuverals, locally accompamed by al-
kali feldspar. Zoning of the gangue minerals is
common (quartz-calcite-quartz), however, quartz
is always the earliest phase and generally is more
abundant. Quartz in the mineralized veins is
milky to blue gray, coarse grained, and vuggy.
Minor amounts of free gold, sulfides, and iron
oxides occur in the mineralized veins; arsenopy-
rite is the dominant sulfide, with lesser amounts
of pyrite, sphalerite, galena, chalcopyrite, and
pyrrhotite.

Filling temperatures of fluid inclusions from
mineralized quartz veins indicate that early quartz
(T sulfides) was deposited at approximately
200°C and that late mineral assemblages domi-
nated by calcite (X sulfides) were deposited at
about 125°C (Mitchell and others, 1980). The ab-
sence of daughter minerals in the fluid inclusions
suggests that the ore fluids were dilute.

"Exxon Minorals U.8.A., Missoufn. Montna.

The hydrogen isotopic composition of fluid in-
clusions and the oxygen isotopic composition of
quartz were determined for three mineralized
quartz veins and one nonmineralized quartz vein
localized along regional cleavage (fig. 38). The
average 8D value of fluid-inclusion waters of the
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three mineralized quartz veins is —10616 (table
10), which is about the same as that of modern
meteoric water (—110) in this area (Taylor,1974).
The data indicate that the ore fluid was domin-
antly meteoric water. This conclusion js consistent
with the dilute nature of the ore fluid suggested
by the absence of daughter minerals in the fluid
inclusions. Calculations using the relation be-
tween 4D and 6'°0 value in meteoric waters
(Craig, 1961) show that the water in the fluid in-
clusions had an orjginal §**0 value of ~14.5.

The average 0'°0 value of the three mineralized
quartz samples is +16.6£0.3 (table 10). Using
the fluid-inclusion filling temperature, and the
quartz-water oxygen isotope fractionation relation
of Bottinga and Javoy (1973), we calculate a §¢0
value of +2.0 for water in equilibrium with
mineralized quartz at 200°C. Meteoric water of
original §'%0 value of —14.5 could attain a §°0
value of 4+2.0 by oxygen isotopic exchange with
host-rock silicate minerals at elevated tempera-
tures. To undergo a shift in §'®*O of this mag-
nitude, the water-to-rock ratio must have been
small. Similar oxygen isotope shifts in ore fluids
(dominantly meteoric water) that deposited
gold-bearing guartz veins in sedimentary and
low-grade metamorphic host rocks in central
Nevada have been documented by O’'Nel and Sil-
berman (1974).

Hydrogen isotopic analyses of fluid-inclusion
waters from the cleavage-localized quartz veins
are not yet available. The §®0 value of ¢this quartz
is higher than that of the mineralized quartz (ta-
ble 10), and using the Bottinga and Javoy (1973)
quartz-water fractionation and an estimated
temperature of 350°C for lower greenschist-facies
metamorphism, we calculate that water in
equilibrium with metamorphic segregation quartz
would bave a 30 value of about +11, This fluid is
considerably richer in '*O than the ore fluid and is
within the range of §'*O for metamorphic waters
(Taylor, 1974; White, 1974). The fluids in equilib-
rium with mineralized quartz and metamorphic
segregation quartz appear to have significantly
different isotopic compositions. The structures
that control localization of the mineralized veins
cut the regional cleavage, along which the
metamorphic segregation guartz occurs. Thus,
gold mineralization must have occurred after
metamorphism.

Muscovite separated from a hydrothermally al-
tered albite-granite dike that intrudes meta-
sapdstone and is itself cut by thin mineralized
quartz veins has a K-Ar age of 53.2%
1.6 m.y. (sample A, fig. 39, table 11). A whole-
rock sample of hydrothermally altered felsic dike,
intruding phyllitic siltstone, from the Kenai Star
mine {sample B, fig. 38, tabie 11) has an age of

TABLE 10.—Stable isotope data for vein quariz, northern Kenai Peninsula and vicinily

Map Sample 18,1 8§D
looation number gourae Origin 6770 (fluid inclusion)

1 2203V Kenai Star Hydrothermal-——-- +17.1 -101
mine.

2 22430 Hirshey and Hydrothermal---- +16.6 =117
Carlson
mine.

3 . 21798BB Nearhouse Hydrothermal-~-— +16.2 -100
and Smith
mine.

y 2h4y Outerope====v-- Metamorphic +19.9 -

segregation.

lsvalues given in permil relative to the Vienna SMOW standard.
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52.711.6 m.y. The dike is strongly brecciated. cut
by mineralized quartz-carbonate veins and con-
tains disseminated arsenopyrite (Mitchell, 1979).
From these data, we infer that hydrothermal al-
teration and mineralization occurred in the ear-
liest Eocene. Regional relations suggest that these
processes occurred late in the accretionary history
of the Chugach terrane.

Regional cleavage developed in sedimentary
rocks of the Valdez Group during penetratjve de-
formation of the sedimentary wedge as it was ac-
creted to the North American Continent (Berg
and others, 1972), a process that MacKevett and
Plafker (1974) suggest occurred in the Late Cre-
taceous or early Tertiary. Small felsic granitic plu-
tons of probable anatectic origin form the
Sanak-Baranof plutonic belt and were intruded
into the sedimentary prism between 60 and 43
m.y. ago {(Hudson, 1979; Hudson and others,
1979). The plutons were undeformed and must
have been intruded after accretion. In the Kenai
Peninsula, K-Ar ages of these granitic rocks range
from 59 to 55 m.y. (Tysdal and Case, 1979).
Thermal effects of the accretionary process led to
high-grade metamorphism and partial melting of
the lower parts of the sedimentary wedge after it
was joined to the continent (Hudson and others,
1979). We suggest that lower grade metamor-

phism occurred in the upper parts of the prism,
generating the cleavage-localized veing of
metamorphic segregation quartz and the green-
schist-facies mineral assemblage. Small hy-
drothermal copvective cells dominated by
meteoric water were generated as metamorphic
temperatures waned, perhaps as a result of uplift.
The hydrothermal fluids dissolved silica, carbo-
pate, sulfur, and metals from the unstable vol-
canic components in the sedimentary prism
(Mitchel), 1979) and deposited these compounds
as lodes in the steep structures that formed after
the stress caused by accretionary vergence of the
terrane was released, perhaps during uplift.
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number Source Origin Mineral Age (m.y.)
(Loc. on fig. 39)
2237B Outcrop in Hydrothexmal Muscovite 53.2 + 1.6
(A) Bear Creek. altexation. -
Dike with
mineralized
quartz vein.
2203N Kenai Star Hydrothermal whole 52.7 + 1.6
(B) mine. alteration. rock.l -
Minerali zed
dike, with
quartz and

carbonate veins.

lSample recrystallized to assemblage of muscovite, quartz, calcite, albite, and

chlorite and contains disseminated arsenopyrite.

quartz—carbonate veins.

The dike is cut by mineralized
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New invertebrate fossils, but still no land vertebrates, from
nonmarine Tertiary rocks of the Kenai Peninsula, Alaska

By Pamick H. McClellan and Dénnis M. Giovannenti

For four days during August 1979 we examined
parts of the nonmarine Tertiary sequence of the
Kenai Peninsula in search of vertebrate fossils.
This sequence and other nonmarine rocks
elsewhere in Alaska were previously prospected
for vertebrate fossils between 1960 and 1963 by
field parties from the Unpiversity of Michigan
Museum of Paleontology (UMMP) (Dorr, 1964).
However, after a total of nine months of summer
fieldwork by these parties (J. A. Dorr, written
commun., 1979) at 13 widely scattered Tertiary
localities. "'no! a single fragment was found of fos-
silized vertebrate bone of non-marioe origin”
(Dorr, 1964, p. 1202). Although vertebrate fossils
are known from numerous localities in Alaska, the
oldest (in the late Blancan Cape Deceit fauna;
Repenning, 1980) are less than 2.5 m.y. old and
Pleistocene in paleoecological aspect. The con-
tinued absence of a pre-Pleistocene land verte-
brate record in the Alaskan Tertiary prompted our
field study summarized below.

Only two occurrences of pre-Pleistocene verte-
brates are known from nonmarine rocks in
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Alaska, and these are of freshwater fishes.
Schlaikjer (1937) describes two fish species,
Boreocentrarchus smithi and Catostomoides alas-
kensis, from one occurrence in coal-bearing rocks
of Oligocene or Miocene age { MacNeil and others,
1961, p. 1806) on the north side of the Alaska
Range, near Suntrana, in central Alaska. The sec-
ond occurrence includes three skeletons (one in-
complete) of a trout-perch (identified by R. R.
Miller, UMMP; J. A. Dorr, written commun.,
1979), which were preserved in a “cannonball”
concretion collected 2.4 km west of Homer, near
the mouth of Bidarki Creek, on the Kenai Penin-
sula. The two halves of the concretion, which con-
tain counterparts of the fish skeletons, were
found by two different private collectors between
1962 and 1964 (Dorr, 1964, p. 1202). One of the
counterpart halves is on display in Homer in the
Pratt Museum of the Homer Historical Society.
Rocks at the Bidarki Creek locality are mapped as
the Beluga Formation (Magoon and others, 1976)
and belong to the Miocene Homerian Stage of
land-plant biostratigraphy (Wolfe and others,
1966, plate 1). This stage is middle and late
Miocene in age (Wolfe and others, 1966, p. A20),
and its upper boundary with the Clamgulchian
Stage is dated at 8.0 m.y. by K-Ar and fission-
track radiometry (Triplehorn and others, 1977).

We limited our investigation to the Beluga For-
mation and the overlying Sterling Formation (late
Miocene and Pliocene), the uppermost units of
the Kenai Group ( Calderwood and Fackler, 1972),
exposed along and within 2 km inland of
Kachemak Bay, and to outcrops of the Sterling
Formation between Ninilchik and Clam Gulch
along Lower Cook Inlet (fig. 404). These out-
crops coptain abundant nonmarine plant fossils
{(Wolfe and others, 1966) and thus also are likely
to contain vertebrate fossils. Our brief study of
these formations, however, revealed no new ver-
tebrate fossils.

Although we found numerous fossil leaves in
both the Kachemak Bay and Lower Cook Inlet
areas, and a petrified conifer cone at Clam Gulch,
we found nonmarine animal fossils at only one
locality. In an outcrop of the Sterling Formation
(Magoon and others, 1976) 16 km northeast of
Homer along the access road to MacNel Creek
(lat 59° 43.80", long 151°16.25'; T. 5 8., R. 12 W,
sec. 26; Seldovia quadrangle), we found freshwa-
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FIGURE 40.—Invertebrate fossils from nonmarine Terbiary
rocks, Kensi Peninsula, Alaska. A, Map of Kenai Peniosula
showing fossil mollusk locality. B, Fossil unionid ¢lam with
leaves of Salix sp.. { x1), lower Clamgulchian, from the Ster-
ling Formation.

ter mollusks interbedded, and in some places in
contact, with fossil leaves (fig. 40 B). This local-
ity is approximately 1 km inland from the coastal
fossil plant localities along Kachemak Bay previ-
ously studied by Wolfe, Hopkins, and Leopold
(1966). The exact stratigraphic position of the
mollusk-bearing leaf bed is uncertain. However,
the fossils are inferred to occur in the lower
Clamguchian Stage of Wolfe, Hopkins, and
Leopold (1966), probably 200 to 300 m above the
base of the stage. This conclusion is based on ex-
trapolation of the gentle and uniform northeast-
ward dips of the Kenai along Kachemak Bay from
the position of the Clamgulchian Stage-Homerian
Stage boundary as located by Wolfe (in Trip-
lehorn and others, 1977, p. 1158) to the vicinity of
the fossil locality.

QOur preliminary identification of the mollusks
(four specimens) is that they are unionid
pelecypods (clams), probably belonging to the
subfamily Anodontinae. The only other inverte-
brate fossil known from the Clamgulchian Stage
is a specimen of the clam Unio athlios from near
Ninilchik, described by Mayer (in Heer, 1869, p.
40). Our specimens represent the second record
of nonplaot fossils in the Clamgulchian and, to
our knowledge. the sixth published occurrence of
identifiable invertebrate fossils in the nonmarine
Neogene stages of Alaska. Of the four remaining
fossil occurrences, Wolfe, Hopkins, and Leopold
(1966, p. A17) note that, “with one exception, all
¥ are from beds definitely of Seldovian age”
(that is. of pre-Homerian Neogene age). The ex-
ception is the occurrence of the clam Hypriopsis
(jdentified by D. W. Taylor, in Wolfe and others,
1966. p. Al7), of probable Homerian age, along
the Beluga River north of Cook Inlet.

The fossil record of pre-Pleistocene land verte-
brates in Alaska is still nonexistent. The record of
nonmarine invertebrates is not much better.
However, the occasional discovery of freshwater
mollusks in the well-defined land-plant stages of
southern Alaska-suggests that freshwater inver-
tebrate fossils someday may provide a tool for
correlating the Alaskan plant stages with non-
marine rocks that fack plant fossils diagnostic of
those provincial stages.
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Petrography, provenance, and tectonic significance of Middle
and Upper Jurassic sandstone from Tuxedni Bay, Cook Inlet,
Alaska

By Robert M. Egbert and Leslie B. Magoon

Modal analyses of 88 thin sections from Middle
and Upper Jurassic sandstone in the Tuxedni Bay
area, western Cook Inlet, show systematic
changes in framework composition, hornblende
content, and type of cement with stratigraphic
position. The changes appear to reflect uplift and
unroofing of the Alaska-Aleutian Range batholith
in Jurassic time. Compaction and cementation
have occluded all visible porosity in the sandstone
and should be considered in evaluating the
hydrocarbon-reservoir potential of Middle and
Upper Jurassic sandstone 1n Cook Inlet.

The Middle and Upper Jurassic sequence in
Tuxedni Bay is more than 3,000 m thick and in-
cludes the Middle Jurassic Tuxedni Group and
Chinitna Formation and the Upper Jurassic Nak-
nek Formation (Detterman and Hartsock, 1966;
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Imlay and Detterman, 1973). We studied 21 thin
sections from the Tuxedni Group, 23 thin sections
from the Chinitna Formation (11 from the Tonnie
Siltstone Member and 12 from the Paveloff
Siltstone Member), and 44 thin sections from the
Naknek Formation.

An average of 470 points were counted for each
thin section in order to abtain a winimum count
of 300 framework grains (Q=quartz, F=feldspar,
L=lithic fragments), which were used to deter-
mine framework composition (fig. 41). The Q-F-L
populations were normalized to 100 percent. The
remaining pojots counted were cements and ac-
cessory minerals shown on figure 41 as percen-
tages of total constituents, including quartz.
feldspar, and lithic fragments. In addition, secon-
dary parameters in the form of ratios, C/Q
(polycrystalline quartz to total quartz), P/F
(plagioclase to total feldspar), and V/L (volcanic
Jithic to total lithic fragments), were calculated to
aid in differentjating sandstone from the three
stratigraphic units (fig. 41).

Average framework compositions (Q-F-L)
change gystematically up section from the
Tuxedni Group through the Chinitna Formation
and into the Naknek Formation, becoming pro-
gressively more feldspathic and less lithic. Quartz
content remains nearly constant.

All of the sandstones studied contain less than
10 percent quartz, most of which is monocrystal-
line. However, in samples from the Tuxedni
Group, quartz has features indicative of volcanic
derivation ( clear, unstrained, resorbed margins, or
bleb inclusions). whereas guartz in samples from
the Chinitna and Naknek Formations has features
indicative of plutonic or metamorphic derivation.
Paolyerystalline quartz, although not abundant,
systematically decreases upward through the sec-
sion from the Tuxedni Group to the Naknek For-
mation (see C/Q ratios, fig. 41). Most of the
polycerystalline quartzose fragments probably rep-
resent silicified volcanic detritus.

Feldspars are the most abundant mineral grains
in the sandstone and increase in abundance from
an average of 43 percent of the framework grains
in the Tuxedni Group to 73 percent in the Naknek
Formation. Plagioclase is the dominant feldspar
and averages greater then 90 percent of the
feldspar population throughout the stratigraphic
gection (see P/F ratios, fig. 41). The plagioclase is



highly altered and is mostly albitized or replaced
by laumontite.

The lithic fragment populations decrease up
section as the {eldspay populations increase. Lithic
fragments average 5l percent in the Tuxedni
Group, 35 percent in the Chinitna Formation (43
percent in the Tonnie Siltstone Member and 29
percent in the Paveloff Siltstone Member), and 21
percent in the Naknek Formation. Most of the
lithic fragments are volcanic grains of inter-
mediate composition. V/L ratios decrease slightly
up section but are accounted for by the appear-
ance of plutonic rock fragments in the upper part
of the Chinitna Formation and in the Naknek
Formation.

Accessory minerals include: hornblende, epi-

dote, biotite. and opaque minerals. Hornblende
is absent or present only in trace amoupts in
samples from the Tuxedni Group and Tonnie
Siltstone Member of the Chinitna Fermation but
is the dominant accessory mineral in the Paveloff
Siltstone member of the Chinitna Formation and

Naknek
Farmatian

Chinitna
Formation

in the Naknek Formation, averaging 7 and 11 per-
cent, respectively.

Three types of cement. chlorite, laumontite, and
calcite, {ill intergranular spaces in the sandstones.
Chlorjte js ubiquitous in the Tuxedni Group and
in the lower part of the Chinitna Formation, appa-
rently forming from the chemical breakdown of
the abundant volcanic rock fragments. Laumon-
tite is a common cement in the upper part of the
Chinitna Formation and is the dominant cement
in the Naknek Formation; laumontite probably
formed in response to chemical alteration of
plagioclase that is abundant in these units, Sampl-
ing was biased toward noncalcareous sandstone in
order to obtain accurate modal analyses, as cal-
cite may replace framework grains. However,
caloite-cemented sandstone was found in al} units
but was not common. No porosity was observed in
any of the sandstone; initial pore space has been
totally occluded by compaction and deformation
of volcanic lithic grains, and by chlorite, laumon-
tite, and calcite cements.

Yaxedni
Group

F L F L F
EXPLANATION
Naknek Formation Chinilna Formation Tuxedni Group
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FicurF 41.—Q-F-L ternary diagrams and compositional data of sandstone from Tuxedni Bay. Sandstor‘)e classification after Croock
(1960) and Dickinson (1970). N equals number of thin sections (see text for discussion of other symbols).
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Sandstone of the Tuxedni Group was derived
largely from a voleanic terrane, as indicated by
the high percentages of volcanic lithic grains and
voleanic quartz. Several important changes in
sandstone composition occur between the two
members of the Chinitna Formation. The Tonnie
Siltstone Member is rich in volcanic and lithic
fragments and virtually devoid of hornblende and
has chlorite as the dominant cement, whereas the
overlying Paveloff Siltstone Member is much
more feldspathic (contains less lithic material),
averages 7 percent hornblende, and has laumon-
tite as a common cement in addition to chlorite
(fig. 41). These differences indicate a change
from a dominantly volcanic source for the Tonnie
Siltstone Member to a mixed volcanic and
plutonic provenance for the Paveloff Siltstone
Member. Sandstorie of the Naknek Formation was
derived mainly from a plutonic source, as indi-
cated by the high percentages of feldspar and
hornblende.

The composition of sandstone from the Tuxedni
Group and Chinitna and Naknek Formations is di-
rectly related to Jurassic tectonic events in
south-central Alaska. During the Early Jurassic,
1,800 to 2.700 m of volcanic and volcaniclastic
rocks (Talkeetna Formation) accumulated in the
area of the present-day Alaska and Aleutian
Ranges, forming a volcanic arc at least 800 km
long (Dettermnan and Hartsack, 1966; Reed and
Lanphere, 1973). During the Middle and Late
Jurassic, hornblende-rich diorites and quartz
diorites of the Alaska Range batholith intruded
the Early Jurassic volcanic arc sequence and older
rocks (Detterman and Reed, 1965; Hudson, 1979).
Uplift and erosion of the ancestral Alaska Range
in the Middle Jurassic shed volcanic detritus into
the adjacent forearc basin; deposits represented
by the Tuxedni Group. Continued uplift and ero-
sion of the Alaska Range iu the late Middle Juras-

sic partially unroofed the Alaska Range batbolith,”

and both voleanic and plutonic detritus was depos-
ited in the adjacent basin to form the Chinitna
Formation. By Late Jurassic time, when rocks of
the Naknek Formation were being deposited, the
Alaska Range batholith was mostly unroofed,
supplying dominantly plutonic detritus to the ba-
sin. These conclusions are consistent with previ-
ous work, most recently by Detterman and Reed
(1980). They base their conclusions mainly on
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comparison of age and composition of conglomer-
ate clasts in the Naknek Formation to underlying
units. We suggest, however, that the Alaska
Rapge batholith was unroofed earlier during the
deposition of the Paveloff Siltstone Member of the
Chinitna Formation.
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Petrography and provenance of Upper Creticeows sandacone Irom Saddle
Mountain in the Iniskin-Tuxedn{ arca, lower Cook Inlel, Alaska

By Robert M. Egbert

Modal analysis of five sandstone samples from
an 83.6-m-thick section of nonmarine Upper Cre-
taceous rocks on Saddle Mountain in the Iniskin-
Tuxedni area indicates that the sandstone was de-
rived from a mixed volcanic and K-feldspar-rich
plutonic terrane. F. R. Griesbach assigned a
Maestrichtian age to the rocks on the basis of
sporomorphs (Magoon and others, 1980). The
Upper Cretaceous section unconformably overlies
the Upper Jurassic Pomeroy Arkose Member of
the Naknek Formation and is unconformably over-
lain by the lower Tertiary West Foreland Forma-
tion. The Upper Cretaceous Saddle Mountain sec-
tion correlates with part of the Upper Cretaceous
section penetrated in the lower Cook Inlet COST
No. 1 well and with Upper Cretaceous rocks in the



Cape Douglas area (Magoon and others, 1980).
The five sandstone samples are all medium to
coarse grained, subangular to subrounded, and
moderately sorted. A minimum of 300 framework
grains (Q=quartz, F=feldspar, L=lithic frag-
ments) were counted for each thin section, and
the ratios C/Q(polycrystalline quartz to total
quartz), P/F (plagioclase to total fe)dspar), and
V/L (volcanic lithic to total lithic fragments)
were calculated (fig. 42). Modes of four of the
five samples plot within the lithofeldspathic field
in a Q-F-L ternary diagram, the remaining sample
mode plots in the feldspatholithic field (fig. 42).
The average composition of the five samples is
Q24F10les. Quartz makes up an average of 32 per-
cent of the framework grains and has a C/Q ratio
of 0.04. Ninety-six percent of the guariz is
monocrystalline, and the remaining 4 percent is
polycrystalline. Feldspar makes up an average of
40 percent of the framework grains and has a P/F
ratio of 0.59. Fifty-nine percent of the feldspar is
plagioclase, and the remaining 41 percent is
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Ficure 42 —Ternary diagrams and petrographic data of five
point-counted sandstone samples from Upper Cretaceous
rocks on Saddle Mountain, [niskin-Tuxedni area. Sandstone
?]ass.igication wodified from Crook {1960) and Dickinson
1970 ).

K-feldspar. K-feldspar makes up an average of 12
percent of the whole rock. Relatively high percen-
tages of K-feldspar are also found in Upper Cre-
taceous sandstone penetrated in the lower Cook
Inlet COST No. | well (Schluger, 1977). However,
Upper Cretaceous sandstone in the Cape Douglas
area lacks abundant K-feldspar (Steve Lankford,
oral commun., 1979).

Lithic fragments make up an average of 28 per-
cent of the framework grains and have a V/L ratio
of 0.67. Felsitic and microlitic volcanic rock frag-
ments, in equal proportions, account for 67 per-
cent of the lithic fragments; the remaining 33
percent are K-feldspar-rich plufonic rock frag-
ments. Metamorphic and clastic lithic fragments
average less than1 percent in the sandstone.

Accessory miperals average less than 7 percent.
In order of decreasing abundance, the accessory
minerals are muscovite, magnetite, epidote,
olivine, and biotite. Cement includes phyllosili-

cate minerals and calcite. X-ray diffraction

analysis of one sandstone sample shows the pre-
sence of smectite and chlorite. In phyllosilicate-
cemented samples, smectite forwed first as a pore
lining, and subsequent chlorite grew radially into
the remaining pore space. The phyllosilicate ce-
ments probably formed from the chemical break-
down of voleanic rock fragments. In noncalcare-
ous sandstone samples, a pseudomatrix of de-
formed volcanic fragments is present. Much of
the sandstone in the Saddle Mountain section,
however, is calcareous. In thin section, the calcite
cement is sparry and has a poikilotopic texture.
The absence of compaction features in the cal-
careous sandstone samples, coupled with the
poikilotopic texture, indicates an early formation
for the calcite cement.

The assemblage of lithic fragments indicates a
mixed volcanic and K-feldspar-rich plutonic
source terrane. The volcanic lithic fragments were
probably derived from the Lower Jurassic Tal-
keetna Formation. a volcaniclastic sequence that
extends from Becharof Lake on the Alaska Penin-
sula to the Talkeetna Mountains (Reed and Lan-
phere, 1973). The plutonic rock fragments indi-
cate that rocks of the Alaska Range batholith also
contributed detritus to the Upper Cretaceous de-
posits on Saddle Mountain, Rocks of the batholith
were emplaced in at least three discrete inrusive
epochs, Middle and Late Jurassic, Late Creta-
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ceous and early Tertiary, and middle Tertiary
(Reed and Lanphere, 1973; Hudson, 1979).
Middle and Late Jurassic plutonic rocks are
mostly intermediate to mafie in composition and
generally have little K-feldspar, Late Cretaceous
and Tertiary plutons, generally restricted to the
northern part of the Alaska Range batholith are,
however, relatively rich in K-feldspar (Reed and
Lanphere, 1969). The Late Cretaceous plutons
seem to be a likely source of the relatively high
percent of K-feldspar and K-feldspar-rich plutonic
rock fragments found in the Upper Cretaceous
sandstone on Saddle Mountain. A similar source
terrane is also likely for the K-feldspar-rich
sandstone fouud in Upper Cretraceous rocks

penetrated in the lower Cook Inlet COST No. 1

well drilled southeast of Saddle Mountain in Cook

Inlet. The absence of abundant K-feldspar in

Upper Cretaceous sandstone in the Cape Douglas

area may be due to the absence of Late Creta-

ceous plutons in the adjacent southern part of the

Alaska Range batholith.
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Emplacemeat age of the Crillon-La Perouse pluton, Fairweatber
Range
By Travis Hudson and George Platker

The Crillon-La Perouse pluton is the largest of
several layered gabbroic stocks in a distinct 18-
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km-long belt from Mirror Harbor on Chichagof Is-
land northwest to Mount Fairweather in the high
parts of the Fairweather Range (Rossman, 1963,
p. Fi1 aund fig. 2). The difficulty of applying
radiometric dating techniques to these mafic
rocks has precluded direct detemination of their
ages and has lead to differing age assignments for
the Crillon-La Perouse pluton, based primarily on
regional correlations and age interpretations of
the country rocks that it intrudes. Rossman
(1963, p. 40) concluded that the Crillon-La
Perouse pluton was post-Early Cretaceous,
whereas Brew and others (1977, 1978) inferred it
to be Precambrian or early Paleozoic. Plafker and
Campbel] (1979) extended the regional correla-
tions originally suggested by Rossman (1963) that
indicated a Cretaceous age for the country rocks
and therefore a Late Cretaceous or Tertiary age
for the crosscutting Crillon-La Perouse pluton.
Brew and Morrell (1979, 1980) have recently re-
vised their earlier age assignment for the belt of
gabbroic stocks to Tertiary.

This report presents K-Ar data on rocks from
the contact zone of Crillon-La Perouse pluton
suggesting that it was emplaced between about 20
and 40 m.y. ago, most likely about 40 m.y. ago.
As described by Rossman (1963, p. F11-F13), the
contact of Crillon-La Perouse pluton, although
generally sharp and locally discordant, is marked
by a zone “as much as 100 feet wide containing
rock that apparently is a mixture of the gabboric
rock and schists that were assimilated by the gab-
broic magma. The schist has been thoroughly re-
orystallized around both the Crillon-La Perouse
and Astrolabe-DeLangle stocks; and the effects of
recrystallization, discernible in the rock for sev-
eral miles away from the contact become progres-
sively more pronounced toward the stocks. Near
the contact, the schist contains almandine garnet,
andalusite, staurolite, hornblende, biotite, kyan-
ite, magnetite, ilmenite, and sulfides.” The rela-
tions described by Rossman indicated to us that
thermally recrystallized rocks, amenable to K-Ar
dating and indicative of the emplacement age of
Crilton-La Perouse pluton, were present in the
contact zone. During 1978, we examined the con-
tact of the pluton at a well-exposed locality north-
east of Crillon Lake (Rossman’s locality a37, pl. 1,
1963; Jat 58°36'15"" N., long 137° 16'6" W.) where
we collected four float samples (67A, B, C, and
D) from talus derived directly from the contact
zone ( fig. 43) and a fifth sample (67F) from am-
phibolite talus about 600 m west of the contact




(fig. 43). Descriptions of these samples and the
K-Ar data for biotite and hornblende separates
from them are listed in table 12.

The dated samples include two country rock
amphibolites (75B and 67D), a hornblendite
(67A) that is probably from the Crillon—La
Perouse pluton, a garnet-bearing rock (67C) of
uncertain affinity, and a pegmatite (67D) from
the suite of silicic dikes that intrude both the
country rocks and the Crillon-La Perouse pluton
in the vicinity of the contact (fig. 44; Rossman,
1963. p. F8). The K-Ar ages from these samples
range from 19.310.7 m.y. for biotite from the
pegmatite (67D) to 44.2£3.3 m.y. for hornblende
from amphibolite (67F) about 600 m distant from
the contact. Pyroxene hornblendite, believed to
be part of the Crillon-La Perouse pluton, yielded

Contact
N
Amphibolite |

Sample 67 F

hornblende with an age of 41.4+2.2 m.y. Country
rock amphibolite (67B), directly from the contact
zone gave an intermediate age on hornblende of
32.512.5 m.y. Biotite from the garnet-bearing
rock (67C, either an inclusion from the pluton,
baked country rock, or part of the crosscutting
dike system) gave a 22.810.9-m.y. age.

The K-Ar data are believed to bracket the
emplacement age of the Crillon-La Perouse plu-
ton; a maximum age (44.253.3 m.y.) is provided
by the amphibolite (67F) distant from the contact
and 2 minimum age (19.3X0.7 m.y.) is provided
by the late crosscutting pegmatite (67D). On the
basis of regional considerations, an age at or be-
tween either of these two extremes is possible. An
age of about 40 m.y. would make the Crillon-La
Perouse pluton similar in age to many tonalitic

.Crillon-LaPerouse pluton

\. i
0 100 METERS
SR

Approximate scale

Ficure 43.—Contact of Crillon-La Perouse pluton against amphibolite at Rossman's locality 837 (1963, plate 1). Steep cast-
dipping contact is exposed over a vertical distance of about 550 meters. Samples 67A, B, C, and D were collected from talus
cone at base of ravine developed along contact. Sample 67F was colleeted from talus cone about 600 meters west of contact.
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TavLE 12.—Description and K- Ar data for sumples from the contaet zone Crillon-La Perouse plulon, F airweather Range

Average g Average
Saﬂg{e Mineral Per;ent percent ?r ;?d 404 pad 40ar rad lApp?rent
K pp {ppm) “Opr total 8¢ m.y.)
674 Hornblende 0.701 0.696 0.002050 0.002022 0.421 41.142.2
.691 .001953 -375
678 --do . ————- .358 .358 .000838 .000818 .322 32.5+2.5
.359 .000797 .251
67C Biotite 7.027 7.050 .01082 01123 .527 22.810.9
7.073 .01163 433
67D ~-do,-———- 6.731 6.757 . 008996 .09109 .329 19.3+40.7
6.784 . 009222 . 369
67F Hornblende .298 .299 .000869 .000931 .296 U4.2+43.3
.300 .000992 -299

#X-8r analyses and original calculations by Geochron Laboratories. Ages have been
converted to new IUGS constants using tables in Dalyrymple (13979).

674. Medium-dark-gray fine- to coarse-grained massive pyroxene hornblendite; brown
subhedral to irregular coarse hornblende with dark discontinuous lamellaelike
bands and parallelogram-shaped patches, anhedral interstitial to equant
clinopyroxene, moderately abundant disseminated apatite and subhedral opaque
grains, and a trace of interstitial red-brown biotite.

67B. Dark-greenish-gray fine- to medium-grained amphibolite with thin irregular
hornblende-rich and quartzofeldspathic bands of variable grain size; green
subhedral hornblende (about 70-80%), intergranular anhedral quartz and simply
twinned plagioclase, disseminated equant opaque grains and scattered granular
sphene.

67C. Light- to pinkish-gray fine- to medium-grained granoblastic biotite-quartz-
plagioclase-garnet rock; red-prown inclusion-free biotite, subhedral poikilitic
garnet, Carlsbad and pericline twinned plagioclase, and disseminated equant to
prismatic opaque grains.

67D. Light-gray medium- to very coarse-grained garnet-bictite-quartz-albite(?)
pegnatite; euhedral moderate-red garnet (about 3%), coarse euhedral biotite
(about 6%), subhedral to interstitial quartz mosalcs, and anhedral to subhedral
plagioclase.

67F. Dark-greenish-gray fine-grained amphibolite with hazy thin banding; strongly
oriented green hornblende (about 70-80%), intergranular anhedral quartz and
simply twimned plagioclase, and disseminated granular opaque grains partly
included in hornblende (collected about 600 m west of above samples; see fig.
42).

B92 ACCOMPLISHMENTS DURING 1979




plutons in the Fairweather Range {Travis Hudson
and George Plafker, unpub. data), and an age of
about 20 m.y. would make the Crillon-La Perouse
pluton part of a widespread thermal metamorphic
and intrusive event previously recognized in the
nearby Yakutat-St. Elias area to the north (Hud-
son, Plafker, and Lanphere, 1977; Hudson,
Plafker, and Turner, 1977).

Complete interpretation of the K-Ar ages is not

0 § METERS
|
Approximate scale

FIGURE 44.—Close-up photograph of contact zone (fig. 43)
showing leucocratic dikes (arrows) in amphibolite (left)
and in gabbro (right) of Crillan-La Perouse pluton.

possible without additional field studies. How-
ever, on the basis of the available data, the follow-
ing interpretation is preferred: .

1. The country vocks underwent vegional
dynamothermal metamorphism during the
Late Cretaceous or early Tertiary.

2. The Crillon-La Perouse pluton was emplaced
after regional dynamothermal metamor-
phism and is part of a widespread epjsode of
intermediate and mafic plutonism in the re-
gion. Hornblende from the pyroxene
hornblendite (67A) probably gives the
emplacement age of the Crillon-La Perouse
pluton (41.112.2 m.y.).

3. The contact zone of the Crillon-La Perouse plu-
ton localized emplacement of silicic dikes
about 20 m.y. ago as indicated by the biotite
age (19.310.7 m.y.) from the late crosscut-
ting pegmatite.

4. Contact zone rocks, including amphibolite
(687B, 32.5£2.5 m.y.) and garnet-bearing
rock (67C, 22.810.9 m.y.), were locally re-
crystallized and partially reset by emplace-
ment of the 20-m.y.-0ld dikes.

In any case, the data from the contact zone
rocks provide the basis for two general conclu-
sions: (1) K-Ar studies in the contact zones of
shallow-seated mafic plutons provide a means of
deducing their emplacement ages, and (2) the
Crillon-La Perouse pluton was emplaced in the
middle Tertiary. between 19 and 44 m.y. ago and
probably about 41 m.y. ago.
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Carboniferous biastratigraphy. southeastern Alaska
By J. T. Dutro, Jr,, A. K. Armstrong, R. C. Douglass, and B. L.
Mame!

Sedimentary seguences are correlated among
three widely separated parts of southeastern
Alaska: 1) near Klawak on the west side of Prince
of Wales Island; 2) in Saginaw Bay and the Keku
Islets on northern Kuiu and Kupreanof Islands;
and 3) near Freshwater Bay on Chichagof Island
(fig. 45).

The Peratrovich Formation ( Eberlein and Chur-
kin, 1970) crops out on Peratrovich Island near
Klawak and on Madre de Dios, Toti, and Shelikof
Islands farther south. This formation consists of
three members in ascending order: a chert
member about 60 m thick, a limestone and chert
member that ranges in thickess from 90 to 200 m,
and a limestone member more than 300 m thick.
The chert member is poorly dated but is probably
all Early Mississippian. The upper two members
are well dated by Upper Mississippian foraminif-
ers and corals. The limestone and chert member
has a rich assemblage of foraminifers of Mamet
Foram Zone 14 in its upper half and may be as old
as Zone 10 in the lower beds, although fossil evi-

'University of Moutreal.
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dence is sparse. This member also includes a
large number of corals: Faberophyllum, Ek-
vasophyllum, Siphonodendron, Diphyphyllum.,
Lithostrotionella, and Sciophyllum. Thus, the
limestone and chert member is Meramecian in age
(Armstrong, 1970). The limestone member also
contains Zone 14 fossils in its lower part and
yields foraminifers of Zones 15 through 18 in the
middle and upper beds. Consequently, it is of late
Meramecian and Chesterian age; the Mera-
mecian- Chesterian boundary is about 75 m above
its base.

The Peratrovich is overlain by the Klawak For-
mation and the Ladvones Limestone ( Eberlein and
Churkin, 1970). The Klawak Formation occurs in
the area north of Craig and includes Early and
Middle Pennsylvanian faunas. Fusulinids of
Mamet Zones 21 and 22 are described by Douglass
(1971). The Ladrones Limestone also contains
Zone 21 fusulinids according to Douglass. Bran-
neroceras branneri (Smith) and Glaphyrites sp.
were identified from the Ladrones by Gordon
(1955), indicating a Morrowan (Zone 20) correla-
tion for part of the formation.

‘The Saginaw Bay Formation (Muffler, 1967),
cxposed 1n Saginaw Bay and on the Keku Islets,
has four members in ascending order: a volcanic
member, a black chert member, a chert and
limestone member, and a silty imestone member.
A fault-bounded c¢rinoidal limestone may also be a
part of this formation. At least the two middle
members are correlative with the Peratrovich
Formation, and the upper member is equivalent
to the Klawak Formation as it contains a Morro-
wan shelly fauna und fusulinids of Zone 21 age
(Dutro and Douglass, 1961).

Near Freshwater Bay, northeastern Chichagof
Island, the Iyoukeen Formation consists of three
members: a lower limestone member, a middle
wember. and an upper limestone member (Loney
and others, 1963). The lower two members are
probably correlative with the chert member of the
Peratrovich and contain a Lower Mississippian
shelly fauna. The upper member is equivalent to
the upper two members of the Peratrovich. It con-
tains similar Meramecian coral-brachiopod faunas
in its lower part and Chesterian foraminifers in its
upper part.
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The overall aspect of the faunas from these
three Carboniferous sequences in southeastern
Alaska is cosmopolitan. Although the Mississip-
pian foraminifers are dominantly a North Ameri-
can fauna, an additional 25 percent are Tethyan
elements. Mamet characterizes the foraminiferal
fauna as of mixed island-arc or oceanic arc origin.
Corals and brachiopods suggest that the south-
eastern Alaska faunas are related to faunas from
northern California, Alberta, and northern
Alaska. No endemism is apparent in these fossil
assemblages. The Pennsylvanian fusulinids show
particular affinities with faunas from Japan and
the central belt of British Columbia, but also
show some resemblances to faunas as far away as
Spitsbergen and Spain.

The similarities among the three sequences of
Carboniferous rocks in southeastern Alaska
suggest that they formed in a single Carbonifer-
ous depositional basin, and their distribution im-
plies at least 250 km of right-latera] offset along
the Chatham Strait fault (Ovenshine and Brew,
1972). Although the rocks in these particular Car-
boniferous sequences could have moved north-
ward from as far south as porthern California in
post-Carboniferous time, nothing specific in the
makeup of the faunas suggests such a tectonic
history.
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The Coast plutosic complex sill, southeastern Alaska
By David A Brew and Arthur B. Ford

The informal name Coast plutonic complex is
currently (Douglas and others, 1970) used for the
British Columbia and southeastern Alaska parts
of the batholithic complex that forms the core of
the western cordillera of North America from the
Alaska Peninsula on the north to the tip of Baja
California on the south (King, 1969). For almost
the whole length of southeastern Alaska and part
of British Columbia, the west edge of the complex
i8 B remarkably long and narrow belt of sheet- or
sill-like orthogneiss plutons referred to as the
Coast plutonic complex sill (Brew and Morre]),
1980a,b). This report briefly describes the dis-
tribution and character of this belt (fig. 46).

The locally discontinuous belt of plutons,
hereafter referred to simply as “the sill,” extends
from Lynn Canal near Berners Bay on the north
southeastward for more than 620 km to at least
Douglas Channel south of Prince Rupert in
British Columbia beyond the limits of figure 46.
The sill is truncated on the north by the Chatham
Strait fault (Ovenshine and Brew, 1972); its ful)
extent to the south is not known. The sill ranges
in width from about 3 to 25 km, the narrower
segments consist of a single pluton and the wider
ones of as many as three plutons separated by
1.56-to 8-kmn-wide screens of migmatic gneiss. The
apparent discontinuity of the sill northeast and
east of Ketchikan (fig. 46) (Brew and Morrell,
1980 a,b; Berg, Elliott, and others, 1978) may be
due in part to local interruptions and in part to
differences in techniques used in the geologic
mapping (H. C. Berg, oral commun., 1979). In-
terpretation of aeromagnetic data (Jachens, 1977;
Griscom, 1977) indicates that the sill is at least 3
kin and probably 8 km or more deep.

As described by Brew and others (1977), Brew
and Ford (1978), and Ford and Brew (1981), the
sill in general separates progressively
metamorphosed (to amphibolite grade) schists of
original late Paleozoic and Mesozoic age on the
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FIGURE 46.—Part of southeastern Alaska. showing Coast
plutonic complex sill and other rocks of the complex ( mod-
ified from Braw and Morrell, 1980b). See text for explana-
tion of lettered points.

west from the gneisses and granitic rocks of the
rest of the Coast plutonic complex to the east. The
granitic rocks are mostly about 50 m.y. old with
minor younger intrusions (Brew and Morrell,
1980a,b) and were intruded into country rocks of
uncertain original age. These country rocks are
amphibolite-grade, intermediate temperature-
intermediate pressure facies series to the west
and hornblende-hornfels grade. high tempera-
ture-low pressure facies series to the east; this
difference is interpreted (Brew and Ford, 1978)
as the result of late Tertiary tilting (up on the
west) of the complex.

The sill includes a variety of rock types, but to-
nalite, granodiorite, guartz diorite, and quartz
monzodiorite (Streckeisen, 1973) are most com-
mon (Brew and others, 1977; Ford and Brew,
1980; R. L. Elliott and D. A. Brew, unpub. dats;
Berg, Elliott, and others, 1978; Smith and others,
1977). Hornbliende, biotite, and sphene are the
most common mafic minerals. A strong foliation
is everywhere apparent, and hornblende lineation
is locally present. The sill rocks are actually or-
thogneisses, and both mineralogy and texture
show strong metamorphic effects (Ford and
Brew, 1981; Sainsbury, 1953). The relations be-
tween age of intrusion, metamorphism, and de-
formation are discussed below.

The five known ways in which the simple con-
tinuity of the sill is interrupted demonstrate that
a variety of original intrusive relations existed
and that the emplacement of the sill postdates the
typical complex folding in the country rocks. (1)
Near Berners Bay the sill engulfed, but did not
severely disrupt, a highly folded persistent schist
and gneiss unit mapped within the Coast plutonic
complex { near a, fig. 46). (2) The southeast end
of this same part of the sill (known as the Men-
denhall pluton; Ford and Brew, 1973) is an abrupt
blunt end (b, fig. 46). (3) The north end of the
next segment of the sill, comprising the Mount
Juneau, Lemon Creek Glacier. and Carlson Creek
plutons (Ford and Brew, 1973; Brew and Ford,
1977), consists of 2 tapering out and disappear-
ance of the individual plutons {c, fig. 46). (4)
The northeastern margin of the sill east of Hol-
kham Bay (d, fig. 48) has a series of digitations
extending eastward into adjacent migmatites
(Brew and other, 1977), but they are too small to
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be shown on the map, as are somewhat similar di-
gitations east of Behm Canal (Berg, Elliott, and
others, 1978) (e. fig. 46). (5) East of Wrangell
three en echelon sills are separated by complex
migmatites (near f, fig. 46).

In discussing the origin of the nearby parallel
Coast Range megalineament, Brew and Ford
(1978) suggested that the sill was emplaced,
probably in Late Cretaceous or perhaps early Ter-
tiary time, along a structural discontinuity repre-
senting some kind of plate boundary. Detailed
studies of the Mount Juneau pluton (Ford and
Brew, 1981) do not demopstrate conclusively
either pretectonic, early tectonic, or late tectonic
emplacement. Considered in a regional sense,
however, the sill clearly was enough involved in
the deformation to obtain its foliation and local
mineral lineation and enough involved in the
metamorphism to have jts original minerulogy
modified siginificantly. The existence of highly
deformed rocks engulfed by the si)] and the ab-
sence of folding of any of the sill rocks indicates
that emplacement postdates most of the deforma-
tion. On the basis of intrusive relations, Ford and
Brew (1981) bracket the emplacement of the
Mount Juneau pluton no more narrowly than
post-Late Triassic and pre-early Tertiary and the
age of the metamorphism as post-Early Creta-
ceous and pre-early Tertiary. This bracketing in-
cludes consideration of available K-Ar information
on the pluton and nearby rocks. There is no evi-
dence to suggest that these conclusions from the
Mount Juneau pluton do not apply regionally. Our
unpublished data indicate that this seies of de-
formational, magmatic, and metamorphic events
probably had an important influence on the dis-
tribution of metallic mineral deposits in the
northern part of southeastern Alaska.

Brew and Ford (1978) also implied that the re-
markable linearity of the sill was due to the con-
figuration of the hypothetical plate boundary
along which it was intruded. Berg, Jones, and
Coney (1978) placed an eastward-dipping thrust
boundary hetween their Taku and Tracy Arm ter-
ranes very close to the sill; it seems logical to us
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that a terrane boundary here very likely would
coincide with the outerop of the sill. If the de-
velopment of this terrane or plate boundary were
close in time to the deformation, magmatism, and
metamorphism associated with the sill, then we
must fit into the overall tectonic history of the re-
gion a Late Cretaceous or early Tertiary large-
scale tectonic event, which must have occurred
about 110 km on the continent side of the Early
Cretaceous subduction complex (Plafker and
others, 1977; Decker and Johnson, 1981) that
marks the continental margin along much of
northern southeastern Alaska. If, on the other
hand, the deformation, magmatism, and
metamorphism postdate the boundary-forming
event, then that event can be no older than Early
Cretaceous.
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Orthogneiss of Mount Juncau—an early phate of Coast Moun-
tains plutonism involved in Barrovian regional metamorphism
near Junean

By Arthur B. Ford and David A. Brew

The southwest margin of the Coast plutonic
complex for more than 225 km in the northern
and central parts of southeastern Alaska is
marked by a 3- to 8-km-wide belt of foliated
biotite-hornblende tonalitic or quartz dioritic sills
(Brew and others, 1976; Brew and Ford, 1981).
The magmatic origin of the homogeneous gneis-
sose rocks is commonly obscured by metamorphic
mineral growth and pervasive crystalioblastic tex-
tures. Gneissose foliation typically parallels folia-
tion in amphibolite-grade country-rock schists.
and this relation suggests a tectonic (regional
metamorphic) origin of the sill foliation. How-
ever, because this foliation is also generally paral-
le] to contacts of the plutons, other possible ori-
gins such as inheritance of a primary structure by
mimetic recrystallization cannot be excluded.
Consequently, the age relations of plutonism and
penetrative deformation during regional
metamorphism are not clear.

At the north end of the belt, however, the
gneissose rocks forming the west margin of the
Coast plutonic complex markedly truncate the re-
gional metamorphic zonation in an adjacent Bar-
rovian schist beit, progressively crossing the sil-

"limanite, kyanite, staurolite, garnet and probably

biotite isograds over a distance of about 60 km
northward from near Juneau to Lynn Canal
(Brew and Ford, 1977; Ford and Brew, 1973,
1977a). The gneiss belt in this area consists of
several individual sheetlike or broadly lenticular
plutons of orthogneiss separated by screens of
schist or heterogeneous gneiss.

We made detailed studies of one of these or-
thogneiss bodies, the Mount Juneau pluton (Ford
and Brew, 1973), because it is the only body
krown to cross several isograds and it might,
therefore, show the relative timing of plutonism
and the Barrovian metamorphism. This pluton
consists of mostly homogeneous garnet-biotite-
hornblende tonalitic orthogneiss, which is con-
tinucusly traceable in a narrow belt of about 0.6-
1.3 kxm width for 20 km southeastward from
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Mount Juneau to Taku Inlet (fig. 47). It continues
to the south across Taku Inlet (Ford and Brew,

1977b) and is inferred to connect with the Speel
River-Fords Terror pluton about 80 km farther
south (Brew and others, 1976). For about 12 km
northwestward from Taku Inlet, the body is an
approximately concordant sill in schist and
heterogeneous gneiss of sillimanite grade. Farther
on, the body swings markedly westward for about
8 km and, with strong discordance to the contacts
within the country-rock schists, progressively
crosses isograds of sillimanite, kyanite, and
staurolite before reaching the garnet isograd on
the east ridge of Mount Juneau (fig. 47). The
gneissose foliation ts at a high angle to the con-
tact in this discordant part of the pluton and is
parallel to the northwest-trending regional
synkinematic foliation in the schists, and this evi-
dence indicates that the gneissose folation is
clearly related to the penetrative deformation that
accompanied regional metamorphism.

In modal composition, the orthogneiss of Mount
Juneau is predominantly tonalite, with some
quartz diorite and granodiorite (fig. 48). The
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FIGURE 48.—Modal composition of orthogneiss of Mount
Juneau pluton. Cross shows average chemical composition
in terms of CIPW normative quartz, plagioclase, and ortho-
clase, from data in table13.
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body shows little systematic chemical variation
along trend between Mount Juneau and Taku In-
let, compared to the average composition in table
13, except for somewhat lower SiO; and K20 and
higher Al,O3, MgO, and TiO; near Taku Inlet.

The metamorphic mineral assemblage of the or-
thogneiss consists mainly of quartz, plagioclase,
epidote-group minerals, biotite, and green
hornblende, with minor amounts of garnet,
K-feldspar, sphene, apatite, white mica, and ret-
rograde chlorite and carbonate. Garnet is a
characteristic minor phase. Lenticular, augenlike
grains of highly albitized plagioclase, clouded
with secondary clinozoisite and epidote inclusions,
are the only recogunizable relicts of magmatic
primocrysts. Some of these features were first
noted by Sainsbury (1953). Epidote-group miner-
als are particularly abundant, ranging from 3 to
18 percent and averaging 10 percent, in the
northwest end of the body where it cuts
subkyanite-grade schists. Epidote-group minerals

TABLE 13.—Average chemical composition of orthogneiss of
Mouni Juneau pluton

[One standard deviation in paren-
thesesl

810, ====m-mme- 59.5 (4.4)
Al,0, —===-====-- 18.0 (1.2)
Fe,0, —=-==—-=-=- 2.0 (0.5)
1T D — 3.9 (1.4)
Ve S —— 2.3 (1.1
Y T — 6.5 (1.4)
Na,0 ==----=---- 3.5 (0.4)
R 1.8 (0.7)
R 0.9 (0.4)
HZO— ___________ 0.08 (0.04)
Ti0, ---m-m-=--- 0.7 (0.3)
P,0g =----==-==- 0.28 (0.08)
MNO  ———me——mmem 0.12 (0.03)
€0,  —mm=mm=mms 0.04 (0.07)
Total ~—-—=---- 99.6

appear to be present only in trace amounts in the
vicinity of Taku Inlet, where the body lies in host
rocks of sillimanite grade. This evidence suggests
a variation in grade along strike from an
epidote-bearing subfacies (Misch, 1968) of the
amphibolite facies in the northwest to an
epidote-free amphibolite subfacies near Taku In-
let.

The implications regarding timing of plutonism
and regional metamorphism are significant. A zo-
nation pattern from epidote-bearing to epidote-
free amphibolite subfacies would imply that the
body was probably involved in the entire
metamorphic event and is pretectonic or at least
early tectounic in age. On the other hand, if further
studies show that the entire body was recrystal-
lized in the epidote-bearing amphibolite sub-
facies, then the magma was probably emplaced at
a late stage of regional metamorphism, before the
cessation of penetrative deformation, but after at-
tainment of the maximum grade of kyanite and
sillimanite crystallization.

K-Ar age determinations of crystalline schists in
the Juneau area (Forbes and Engels, 1970) and of
orthogneisses there and near Tracy Arm (Brew
and others, 1977; J. G. Smith, unpub. data) show
therma) overprinting by widespread Tertiary (a-
bout 50 m.y. old) plutonism to the east. Forbes
and Engels (1970) conclude from their K-Ar age
data that the synkinematic regional metamorph-
ism occurred in the Late Cretaceous or early Ter-
tiary, an age that we consider to be a minimum
for emplacement of the Mount Juneau pluton.
The youngest rocks known to be ivolved in the
regional metamorphism contain Inoceramus of
Cretaceous (late Early? Cretaceous) age (D. L.
Jones, written commun., 1971). The youngest
rocks known to be intruded by the Mount Juneau
pluton are Late Triassic on the basis of fossis in
correlative units (Ford and Brew, 1977b). Thus
the emplacement of the Mount Juneau pluton as
an early phase of Coast Mountains magmatism is
currently bracketed no more narrowly than post-
Late Triassic to early Tertiary.
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The nature and position of the Border Ranges fault on
Chichaga( Island

By John Decker and Bruce R. Johnson

The Border Ranges fault, identified by Mac-
Kevett and Plafker (1974). is a major tectonic
boundary in south-central Alaska that juxtaposes
an upper Mesozoic and Tertiary subduction com-
plex (Chugach terrane) against upper Paleczoic
and Jower Mesozoic rocks. Plafker and others
(1976 ) ang Plafker and Campbell (1979) have ex-
tended the Border Ranges fault through the Saint
Elias Mountains of western Canada into south-
eastern Alagka as far south as Peril Strait.

Twa different locations have been proposed for
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the Border Ranges fault on Chichagof Island in

southeastern Alaska. Plafker and others (1976)

originally interpreted the Border Ranges fault to

lie within the Ketp Bay Group (Loney and others,

1975). The Goon Dip Greenstone, Whitestripe

Marble, and related crystalline rocks were placed

to the east, and the rest of the Kelp Bay Group to

the west of the fault. Brew and Morrell (1979)

correlated the western limit of the Tarr Inlet su-

ture zone in Glacier Bay National Monument with
the Border Ranges fault as mapped by Campbell
and Dodds (1979) and Plafker and Campbell

(1979) to the north. Brew and Morrell (1979) ex-

tended this boundary south through Chichagof Is-

land to the west of the original position, including
the entire Kelp Bay Group with older rocks to the
east.

On the basis of recent geologic mapping and
new K-Ar and radolarian age data from western
Chichagof Island, we have come to the following
conclusions concerning the nature and position of
the Border Ranges fault:

1. The Border Ranges fault is located between the
Goon Dip Greenstone and Whitestripe Marble
to the east and the rest of the Kelp Bay Group
to the west as Plafker and others (1976) origi-
nally suggested.

2. The fault juxtaposes pre-Late Jurassic rocks on
the east against a Lower Cretaceous(?) sub-
duction complex of the Chugach terrane on the
west.

3. The fault has a steep westward dip and is inter-
preted as an overturned thrust fault that is re-
lated to a mid-Cretaceous( ?) subduction event.
Loney and others (1975) included the following
formations, in ascending order, in the Kelp Bay
Group; Goon Dip Greenstone., Whitestripe
Marble, Pinnacle Peak Phyllite, Waterfall
Greenstone, and Khaz Formation. For simplic-
ity in the following discussion. the upper part
of the Kelp Bay Group is termed the “upper
Kelp Bay Group” and, as used herein, includes
the Pinnacle Peak, Waterfall, and Khaz Forma-
tions.

The Border Ranges fault (fig. 49) forms a con-
sistent lithologic boundary on western Chichagof
Island. Rocks immediately to the west (upper
Kelp Bay Group) consist of a highly disrupted
sequence (melange) of metavolcanic and
metasedimentary rocks that has been



metamorphosed to greenschist and locally
blueschist facies. These rocks are dominantly
light-green metatuff and dark-gray argillite; they
are generally well foliated and cormmonly phyllitic
or schistose. Chert from the upper Kelp Bay
Group locally contains Lower Cretaceous (Valan-
ginian) radiolarians (Susan Karl and D. L. Jones,
oral commun., 1979). Rocks to the east of the
Border Ranges fault consist of a coherent massive
to weakly foliated marble (Whitestripe Marble)
that overlies massive to weakly foliated commonly
amygdaloidal dark-greenish-gray basalt and
metabasalt (Goon Dip Greenstone). The marbie
and greenstone units are extensively intruded by
Late Jurassic and post-mid-Cretaceous(?)
foliated diorite and quartz diorite-tonalite plutons
(Loney and others, 1975). No volumetrically im-
portant amygdaloidal greenstone or (oliated
dioritic rocks are known from the upper Kelp Bay
Group west of the fault, and no well-foliated
green metatuff or dark-gray argillite are known
from the Whitestripe Marble or Goon Dip
Greenstone east of the fault.

Where the Whitestripe Marble occurs, the Bor-
der Ranges fault follows its western boundary.
Bedding, compositional layering, and a weakly
developed foliation in the Whitestripe Marble
generally follow the regional struetural grain and
are approximately parallel to its contacts. Along
its western contact, however, the marble is locally
a recrystallized breccia, and bedding is commonly
truncated, generally at a low angle. For several

kilometers on southwestern Chichagof Island

Turbidites

ELEYATION, IN KLDMETERS

where the Whitestripe Marble is absent, a thin
foliated diorite sill intrudes along the contact be-
tween the Goon Dip Greenstone and the upper
Kelp Bay Group (Loney and others, 1975). Similar
intrusive rocks are found to the east of this sill
but not to the west. Farther north, similar foliated
sills locally oceur between the upper Kelp Bay
Group and the Whitestripe Marble as well as
within the marble. The ages of the diorite sills are
not known, but they probably postdate the mid-
Cretaceous metamorphism of the upper Kelp Bay
Group (Decker and others,1980).

Evidence in support of the interpretation that
the Border Ranges fault is an overturned thrust
fault is entirely circumstantial. The racks of west-
ern Chichagof Island are overturned and dip
steeply to the west, they become generally older
and of higher metamorphic grade to the east.
Turbidites west of and included in the upper Kelp
Bay Group commonly have well-preserved
sedimentary structures that consistently indicate
that tops of beds are to the east (Decker, 1980).
Because sedimentary structures indicate that tur-
bidites locally become younger to the east, al-
though in fact formations become older to the
east, and because most faults that cut the turbi-
dites are bedding plane faults, we interpret these
faults as originally east-dipping thrust faults now
overturned to the east. Similarly, the Border
Ranges fault on western Chichagof Island dips
steeply to the west and is subparallel to the gen-
eral trend of overturned thrust faults that cut the
turbidites. This evidence suggests to us that the
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Border Ranges fault on western Chichagof Island
is also a thrust fault overturned to the east. This
interpretation is contrary to that of Plafker and
others (1976) who describe the Border Ranges
fault on northern Baranof Island as having low
dips, and Berg, Jones, and Coney (1978) who
show the Border Ranges fault on their structure
section as having a shallow dip to the east.

Movement along the Border Ranges fault on
Chichagof Island can be constrained to the period
of time after greenschist-blueschist facies
metamorphism of the upper Kelp Bay Group and
before emplacement of diorite sills along it.
Metamorphism of the upper Kelp Bay Group is
dated at 108 m.y. to 91 m.y. (Decker and others,
1980). This event produced phyllitic and schistose
fabrics in greenschist and blueschist facies
metavolcanic and metasedimentary rocks fo the
west of the fault that contrast strongly with the
magsive to weakly foliated, highly altered to mod-
erately recrystallized Goon Dip Greenstone and
Whitestripe Marble to the east of the fault. The
diorite sills are highly altered and have a moder-
ate to well developed mineral folhation; they are
not cataclastic and probably postdate the last
movement on the fault. The diorite has not been
dated but is probably Late Cretaceous or earliest
Tertiary because it probably postdates the mid-
Cretaceous metamorphism of the upper Kelp Bay
Group and because isotopically dated plutons of
Eocene age in Lhe vicinity are relatively fresh and
nonfoliated.
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Upper Trinssic volcanogenic massive-sulfide metallogenic prov-
inee identified in southeastern Alaska

By Henry C. Berg

Layers and lenses of disseminated and massive
pyrite, pyrrhotite. and subordinate arsenopyrite,
sphalerite, galena, and chalcopyrite are interbed-
ded with fossiliferous metavolcanic and
metasedimentary strata on Kupreanof Island,
about 25 km southwest of the town of Petershurg
in southeastern Alaska (fig. 50 and table 14, loc.
1; Berg and Grybeck, 1980). N. J. Silberling { writ-
ten commun., 1980) describe these fossils as
Halobia rugosa, which is a reliable index to the
lower Karnian Stage of the Upper Triassic. This
mineral discovery in 1979 by the U.S. Geological
Survey is the first faunally dated occurrence of
Upper Triassic volcanogenic sulfides in south-
eastern Alaska and one of the few such deposits to
be dated by fossils anywhere in Alaska.

Preliminary field and laboratory studies of un-
dated but similar mineral deposits in similar rocks
elsewhere in the Petersburg area suggest that
several massive-sulfide deposits (fig. 50 and table
14, locs. 2.3, 4) and a deposit intermittently
mined for barite (fig. 50 and table 14, loc. 5) also
are Upper Triassic. These deposits occur within
the Admiralty subterrane of the Alexander tec-
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TABLE 14.—Descriptions of rock and mineral samples. southeastern Alaska

[Analytical walues in parts per million. MAnalysts: B. F. Arbogast, G. W. Day, M., Heard, J. D. Hoffman, J. C. Lucas, Symbola: H(}, not detected at limit
of deteotion or at wvalue shown In parentheses; L{}, deteated, but belew limit of determinability, or below valus shown Ln parentheses; H, interference.
Looked for but not detected: Bl {except 20 ppm Bi in sample TYDGI02D), Sb, Sn, Th, W (except 2 ppm in =zamples T8DB185B and E).|

Locality U.3.G.5. Atomic absorpticn anzlyses Semiquantitative spectrographic apalyses
number sample
on fig. 50 number Au Cu Pb 7n hg 4As B Ba Ba Cd Co Cr Cu La Mo Nb Ni Pb  Se Sr ¥ Y Zn Zr
1 TIBGO69C N(0.0%) 35 25 L{5} 3 N 30 500 N N 5 W 5 N N N 15 % 5 N 70 10 N 70
79DG 1354 100 13000 120000 100 1000 0 150 500 N N 100 10 5000 W 3 N =10000 N
1358 40 L4200 20000 15 1000 10 50 S0 N 10 50 16 1000 N 30 H > 10000 N
2 T8DB1854 H( ,05) 35 15 50 W N oL 500 2 N 5 a0 20 20 N L W 20 5 150 50 50 N 100
1858 30 25 120 L 200 N 50 100 W00 N N 30 20 30 200 200 30 100
185¢ 20 15 90 L 300 N 30100 0 W N 20 N 30 300 200 30 100
185D 15 15 170 N 300 2 B N 10 100 20 5 20 W N 0 70 200
1858 20 25 130 10 300 N 50 100 7O N N 20 26 30 300 200 30 100
185F 20 35 770 L 2000 2 N L 20 20 H 5 70 0N 200 20 100 1000 200
185G 850 620 720 1% 20 1000 1 70 50 W 700 w50 W20 200 R 300N 10000 N
185H 25 25 380 N L 150 T N H 20 N T 50 1] 20 10 00 500 300
TODGOTZa 1] 35 130 4 L 70 3 N L T 10 5 50 L 20 0 100 N 500
0728 30 35 300 i} 106 S N L 15 70 20 70 L 15 10 100 N 500
o72c L({ .09) 3060 2500  4¥000 30 >5000 2 200 =20 3000 N 70 N 15 3000 G 30 30 10000 20
072D .55 3900 1700 38000 30 5000 1100 45 3000 -1 20 3000 1000 30 30 »10000 70
072E  H{ .05} 1400 1400 88000 5 5000 1 500 30 1500 15 10 1500 N 30 20 =10000 N
o72F .05 1000 910 16000 5 0 >5000 170 18 1500 15 10 1500 700 20 N 16000 N
3 TIBGO28A W{ .05) 15 H30 95 .5 F L 300 R N 70 15 W N N 20 10 L 1000 100 10 i) 20
028¢ i5 5 25 .5 200 L 5000 H 5 N 30 10 20 N N 20 50 N 200
028D 5 15 820 o0 L 20430 N 5 W 5 5 o N i) 20 50 300 100
028E 25 0 8o N L 20 5000 i &0 100 70 20 20 20 1000 300 30 L 300
790G 1024 .20 10000 180 4300 20 N L 25000 1 L 0000 20 SO W0 S00 N 1000 20 30 5000 N
1028 45 890 7600  BUGOD 7 N =5000 W 200 N 700 N 15 5 3000 2000 W0 N = 1000
102C ] 1700 4100 55000 10 L >5000 200 W 2000 20 30 5 3000 5000 20 20 =10000
102D 5.5 20000 190 15000 10 1000 »S000 50 5 15000 N 30 5 200 300 10 30 10000
102E .55 1900 10000 46000 T N *5000 150 ] 1500 N 13 S 3000 2000 10 L >10000
4 T9DG1294 .05 230 ] &0 N N N 500 N N 15 TQ 100 N N H 20 H i0 N 120 10 N =0
1308 KO .05) 25 HTS0 2100 3 N 200 B N 15 5 300 @® 100 10 10 500 W
1314 3.0 70 190 130 .5 700 70 S0 S 30 i 20 W 4
1324 H( .0%) 45 40000 38080 30 N 70 200 50 5 2000 i L ¥ »10000
5 79BGO6SA N .05) 30 H25 35 N H 10 1000 N N 20 100 20 N N R 20 L 20 500 150 30 N 70
793H1344 85 H1300 25000 L >5000 200 30 30 150 30 1500 5 700 100 15 10000 10

1348 200 20 170 e 1000 N 50 200 200 100 20 20 200 S00 30 N 10
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r.3.G.5. Description

sample

nusber Sample Locality

TIBGO69C Felsic metabtuff (phyilivie grikd. Lenses as much a3 1 m long of massive pyrite, sphaler-
T5DG135A Mazsive pyrita, sphalerite, galena. ite, and galena in phyllitic lelsic metatuf{

1358 Massive pyrite, sphalerite, galena. interoalated with pyritioc carbonacecus phyllita,
phyllitic ailtatens, and limeatone. Limestone logally
contains sparse Upper Trlaassic foasils. Exposed
width of massive-sulfide-bearing zone {(in areek bed}
iz 30-40 m.

Lat 56%40"18"N; Long 133%15727"W,
78081854 Banded porphyrltic felsic metatuff{?). North wall of reok quarry along logaing road exposes

1858 Diabage dike with pyrite. approx. 10-m-thick zone of banded greenish-gray

185C Diorite{?) dike with pyrrhotite. felslo metatufl pontaiaing layera as muech as 1.5 m

1850 Porphyritic rhyodacite dike? thick of maasive pyrite, pyrrhotite(?}, asphalerite,

185 Basalt dike. chalcopyrite, and galena. Occurrence forms approx.

1857 Felaic metatuff{7?}. 10 x 30 = wedge-shaped, locally fanlt-pounded QuiLerop

1856 Felsic metatuff(?) with pyrrhotite. anclosed by steeply dipping Tertiary basalt, dlabass,

1850 Felaic metatuff{?} wivh pyrite, and rhyolite dikes,

TIDOOT2A Felsic metatuff with disseminated pyrite. Lat 56%22'56"N; Long 132953'53"W,

or26 Felalc metatuf with dissaminated pyrita.

o7ac Pelala metabuff with maasive sulfides,

072D Felslo metatuff with measive sulfidea,

072E Float sample of banded felale metatuff with masaive sphalerire.

Q72F Float sample of banded felalc metatuff with massive sphalepite.

798G 0234 Cartonaceous limestone with pyrlte. heit at old prospect (Buddington, 1923, p. 69): layera
028C Felsic metatuff with disseminated pyrite. and lenses &= much as 2 m thick of massive pyrite,

0280 Banded "rhyslite™ with disseminatad sulfide, pyrrhotita(?), sphalerite, ohalcopyrite, and galena

D2B8E "Andealte" dike with dissemipated pyrite. in felaie metaveleanio rocks interbedded with recrys-

Te0G1024 Pyrite-rich massive sulride. tallized carbonaceous limestons apd caleareous

1028 Sulfide-rich banded felsic metatuff, sedimentary rocks. Intruded by Tertiary(?) andesite

102C Pyrite-rich layer in felajc metabtufr, dikes.

102D Banded felsic metatufll with layers af pyrilte, sphalerite, galena. Lat 56%25'08"N; Long 132°57'07"H.

102E Banded massive pyrite and chalecopyrite.

7oDGI29A Sehirtose rhyodaoite. "Halen S.7 group of 0ld lode gold prospecta (Buddington,

1304 1.5-m~thick gquartz-ocaloite vein ln greanstons, 1323, p. B7). Occurrance of massive aylfides consists

1314 1.0-m-thick quartz vein at old mine shaft. of ¢rudely banded (10-cm-thick} massive pyrite, pyrirho-

1328 Massive pyrite, sphalerite, galena from dump at pic. tita(?), arsenopyrite(?), sphalerits, and galenz that
nas been dug from a small water-filled pit about 30 o
ipland at elevation about 15 m. Country rooks near pit
inelude hematite-bearing phyliitiec felsie metatefl, car-
bonaceous phyllite and limeatone, and maflo intrusive(?)
rocks. Currant ownars report bouldera of masgive sul-
fides In creeka near plt, and posaibly ar bhe Maid of
Mexico mine {(Buddington, 1923, p. 67) near Harvey Lake
about 2 km east-scutheast of logality 4.

Lat 56341 1198; Leong 133°04'037W,
TIBCOGSA Caleareous phyllitle metatuff{?). Locality la site of intermittently agtive barite mine
TYSH13LHA Silialc metakuff{?}. {Buddington, 1923, p. 72). Country rocks inolude
134B Recrystallizad andesite pillew brecela. phyllitie felsic metatur( with pyrite and oinor sphal-

erite and galena, andeaitle plllew flowa and brecola,

chert(?), and phyllitic caleareous (woleanl?) clastis

rocks locally containing poorly preserved fossil olams
posalbly of Late Triasaic age.

Lat S6938'56"N; Long 133%09'u5H




tonostratigraphic terrane (Berg and others, 1978;
Berg, 1979), which is an assemblage of biostrati-
graphically coherent rocks that originated far
from its present location and subsequently was
accreted by various processes to the North Ameri-
can continent.

The Petersburg area mineral deposits and their
host rocks are part of a 300-km-long belt of simi-
lar deposits and host rocks stretching the length
of southeastern Alaska from Juneau to Ketchikan
(where the deposits occur in the Annette subter-
rane of the Alexander terrane). The belt herein is
interpreted as a regional metallogenic province
comprising syngenetic stratabound volcanogenic
massive Zn-Pb-Ag (-Cu-Au) sulfide and related
barite deposits in metamorphosed Upper Triassic
strata. This newly recognized province appears to
be restricted to the Admiralty and Annette sub-
terranes, and is the first metallogenic province in
southeastern Alaska to be recognized by integrat-
ing mineral deposjt data with the concept of ac-
creted terranes. The discovery has important im-
plications for regional mineral exploration and re-
source appraisal in southeastern Alaska, a geolog-
ically complex region about half the size of the
state of California.
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Newly recognized alkali grunite stack, southwestern Kupreanof
Island, Alaska

By David A. Brew, Ronald A. Sonnevil, Susan J. Hunt, and A. B.
Ford

During the 1979 field season, a hitherto unrec-
ognized alkali granite stock was found within the
Kuiu-Etolin volcanic-piutonic belt (Brew and )
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others, 1979) on southwestern Kupreanof Island,
Its recognition adds to our understanding of the
origin of the belt. Sparse evidence suggests that
the stock may have mineral resource significance.

The stock underlies about 39 km? of brushy ter-
rain southwest of Castle River (fig. 51). It is
poorly exposed and intrudes rocks mapped as
rhyolite, rhyodacite, andesite, and basalt of early
to middle Tertiary age (Buddington and Chapin,
1929; Muffler, 1967). These volcanic rocks appear
to be much more complex than are the andesite
and basalt flows to the west along Keku Strait.
The stock appears to be zoned with a biotite alkali
granite core and a border of granodiorite, gran-
ite, diorite or gabbro, and agmatite. Preliminary
study of available samples indicates that the stock
is mostly a fine-grained highly altered miarolitic
alkali granite. Both biotite and hornblende were
indentified in the field, but biotite is probably
more common. The biotite is altered to clay min-
erals; the plagioclase is heavily clouded. Magnet-
ite ig present in some specimens. The pluton and
the adjacent country rock are extensively
epidotized, so the alteration affected both simul-
taneously.

The age of the stock is not known directly, but
comparison with a K-Ar-dated pluton of similar
composition on Etolin Island suggests that it may
be 20-30 m.y. old. The stock is locally cut by
rhyolite and basalt dikes similar to the rocks it in-
trudes, and these relations indicate that the vol-
canism and intrusion are closely linked.

No metallic mineral deposits are known to be
assocated with this stock, but alkali granite
bodies to the east and southeast on Zarembo and
Etolin lslands have been studied for molybdenum
and uranium-thorium resources (Brew and Mor-
rell, 1980). Preliminary geochemical results from
this stock and its vicinity show some unusually
high eU values in both stream sediments and
bedrock.

As shown in figure 51, this stock and the two
others nearest it in the Kuiu-Etolin voleanic-
plutonic belt intrude complex voleanic flow or
dike sill units interpreted to be about the same
age as the intrusions. In contrast, the 20- to 30-
m.y.-old stocks to the east in the Coast plutonic
complex intrude older granitic and metamorphic
rocks (Brew and Morrell, 1980). We suggest that
the alkali granite bodies occurring on central




Kuiu Island, southwestern Kupreanof Island, and
southeastern Zarembo Island, and perhaps those

in central Etolin Island as well, may mark the
majn eruptive centers within the Kuiu-Etolin
volcanic-plutonic belt.
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Seructural and stratigraphic significance of Upper Devonian and
Mississippian fossils from the Caanery Formation, Kupreau-
of Island, southeastern Alaska

By D. L. Jounex, H. C. Bcrg, Peter Concy, und Apita Harns

The name "“Cannery Formation” was applied by
Loney (1964, p. 26) to a sequence of "thinly in-
terbedded chert, argillite, and graywacke typi-
cally exposed in and around the mouth of Can-
nery Cove on the southwest shore of Pybus Bay”
(Admiralty Island]. These rocks underlie the Pybus
Formation of Early Permian (Leonardian) age and
appear to overlie the Gambier Bay Formation of
Devonian age. Although no fossils were found in
the type locality of the Cannery. a number of fos-
sils found elsewhere suggested a Permian age for
the formation.

Subsequent to Loney’s formal designation of the
Cannery Formation, this unit has been recognized
widely elsewhere on Admiralty Island (Lathram
and others, 1965) and to the south op Kupreanof
Island (Muffler, 1967), a total extent of over 150
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km. The age of the Cannery has been considered
to be Permian by recent workers, although a Mid-
dle(?) and Late Devonian age was assigned to the
rocks in Keku Strait (Kupreanof Island) by Bud-
dington and Chapin (1929, p. 106-107). This as-
signment was based on some poorly preserved
specimens of bryozoans identified by Edwin Kirk.

Muffler recognized that the Permian age as-
signed to the Cannery Formation in the Keku
Strait area posed a problem because presumed
correlative strata beneath the Pybus Formation on
the northeast (Cannery Formation) and south-
west (Early Permian Halleck Formation) sides of
the strait are lithologically dissimilar. According
to Muffler (1967, p. C25). “the Cannery and the
Halleck Formations are separated across Kekn
Strait by only 4% miles of water. and beds of
transitional lithology do not crop out, although
they may be hidden under the waters of the strait.
There are no strike-slip faults of large displace-
ment in Keku Strait, nor is there any direct evi-
dence of a major thrust fault that could have
brought such strikingly dissimilar facies so close
together.”

The purpose of this report is to show that (1) at
least part of the Cannery Formation is indeed of
Devonian age as originally suggested by Kirk, (2)
rocks of Mississippian age also occur in the Can-
nery, (3) detritus of Late Devonian and Missis-
sippian age derived from the Cannery occurs as
pebbles and cobbles in the easternmost exposures
of the Halleck Formation, and (4) the strati-
graphic sequence of the Halleck records collision
and amalgamation in Permian time of two unlike
tectonostratigraphic terranes as postulated by
Berg, Jones, and Coney (1978).

Cherty rocks from several localities within the
Cannery Formation were sampled and processed
in hydrofluoric acid for microfossils. Only one
locality (Joc. 1, fig. 52) yielded identifiable forms.
The unfossiliferous samples are green cherty tuff;
the fossiliferous rock is gray. isoclinally folded
chert. In adgdition, calcareous sandstone rich in
volcanic debris, originally collected by Muffler in
1963 from a locality 1 mile east-northeast of Pt.
Macartney (loc. 2, fig. 52), contains identifiable
fossils. Conodonts from locality 1 are Late Devo-
nian in age (table 15), and radiolarians from the
same locality are similar to Late Devonian forms
known elsewhere in Alaska (Brian Holdsworth,
oral commun., 1978). Foraminifers from locality 2
are latest Mississippian (Chesterian) as deter-
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mined by A. K. Armstrong (written commun.,
1979). A siliceous, bioclastic limestone north of
Hamilton Bay, mapped as Cannery Formation, is
reported to contain Early Permian fossils (Muf-
fler, 1967, p. C24). This limestone is composed of
abundant bryozoan and crinoidal debris but lacks
foraminifers, algae (A. K. Armstrong, written
coromun., 1979) and volcanic detritus. The lime-
stone may not belong to the Cannery but may in-
stead be part of the Early Permian Pybus Forma-
tion, which crops out nearby.

The Halleck Formation as exposed in the Keku
Islands (fig. 2) consists dominantly of conglom-
erate with clasts ranging in size from pebbles to
cobbles. Clasts of cherty rocks are abundant, and
bluish-green and gray varieties similar to those
predominating in the Cannery Formation are con-
spicuous. Fossils recovered from chert clasts re-
sembling the Cannery cherts consist of conodonts
and radiolarians of Late Devonian and Mississip-
pian age (locs. 3 and 4, fig. 52; table 15)—
essentially identical to the age of fossils col-
lected from the unguestioned Cannery Formation.

As Muffler (1967) points out, the stratigraphic
sequences below the Pybus Formation on the
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southwest side of Keku Strait differ markedly
from those on the northeast side. The striking dif-
ferences, however, lie not in the Permian rocks
but in Upper Devonian and Carboniferous strata.
These differences are shown schematically in fig-
ure 53. In brief, Upper Devonian and Carbon-

iferous strata on the southwest side are composed
mainly of shallow-water fossiliferous limestone
and clastic rocks and subordinately of minor vol-
canic rocks. In contrast, strata of comparable age
to the northeast are of deep-water origin and con-
tain abundant volcanic detritus throughout. In

TABLE 15.— New fossd lovalitles in the K ek Strant area, southeastern Alaska

[Comodont identifications by Anita Harris]

Field

Locality number Fossils Age

1 78 JSE-6
(USGS colln.
9905-5D)

Conodonts:

Palmatolepis cf. P.
gracilis Branson
and Mehl

Radiolarians:

Undescribed forms known
elsewhere in Uppex
Devonian rocks (B.
Holdsworth, oral
commun., 1978)

Late Devonian
(Famennian)

2 6 3hmp-278 Foraminifers:

Tetrataxis ex gr. T.
conica (Ehrenberg)

Zellerina sp. indet.

Neoarchaediscus Iincertus

(Grozdilova and Lebedeva)

Late Mississippian
(Chesterian)

3 783SE-2 Conodonts:
(USGS colln. 2 platform elements of
27301-pC) Polygnathus communis
Branson and Mehl
1 platform element of
Siphonodella cf. S.
sulcata (Huddle)
Gnathodus sp.
Radiolarians:
Mixed Upper Devonian and
Mississippian (Albaillellid)
forms (B. Holdsworth, oral
commun., 1978)

Early Mississippian
(lowest Kinder-
hookian)

Conodonts:
Palmatolepis glabra
Ulrich and Bassler
Radiolarians:
Late Devonian forms similar
to those from loc. 1

4 78J8E-1
{(USGS colln.
9904-38D)

Late Devonian
(Famennian)

SOUTHEASTERN ALASKA Bl



our opinion, these differences are too great to be
merely the result of simple facies changes within
the intervening few kilometers of water that sepa-
rate these two sequences. Rather, we suggest that
the two were originalty more widely separated and
were tectonically juxtaposed in Early Permian
time. Evidence for this juxtaposition is seen in the
sudden appearance of Cannery detritus in the
Early Permian Halleck Formation. The two pre-
Permian terranes of Berg, Jones, and Coney
(1978) thereafter shared a common history, as
evidenced by deposition of the succeeding Pybus
Formation on both sides of the strait.
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The Chilkat-Priuce of Walesx plutonic province, southeastern
Alaska

By Ronald A. Sonnevil

Petrographic studies of granitic rocks from the
Chilkat Range, eastern Chichagof Island, Kuiu Is-
land, and Prince of Wales Island, combined with
reconnaissance field studies on Prince of Wales Is-
land and southern Kuiu Island (fig. 54), have de-
fined a petrologically similar suite of Jurassic or
Cretaceous plutons herein referred to as the
Chilkat-Prince of Wales plutonic province, This
province may be offset by the Chatham Strajt
fault, as suggested by Ovenshine and Brew
(1972). The amount. of right-lateral offset may be
between 100 and 180 km.

Specific structural, compositioral, and
mineralogical features indicate that at least 18 in-
dividual plutons are part of this province. Plutons
within the province, bodies 1 through 20 (fig. 54),
occur as isolated, circular to elongate bodies that
intrude calcareous graywacke, argillite, and
limestone of Silurian to Mississippian age {Lath-
ram and others, 1959; Loney and others, 1975;
Muffler, 1967; Ovenshine and Brew, 1972). Intru-
sive contacts are discordant to regional structure,
and narrow hornfels zones (a few tens of meters
wide) are most commonly developed in the adja-
cent host rocks (Loney and others, 1967; Louey
and others, 1975; A. T. Ovenshine, unpub. data).
JUGS compositions (Geotimes, 1973) of the plu-
tons are predominantly quartz monzodiorite and
granodiorite, but quartz diorite, gabbro and gran-
ite are also present (fig. 55). Six of the plutons
that have been studied in some detail (bodies 3,
7,8, 9,18, and 20; fig. 54) are composite (Lath-
ram and others, 1959; Loney and others, 1975).
One of these bodies (body 7) contains a mappable
dioritic border zone with local gabbro (Loney and
others, 1975). All bodies are nonfoliated to weakly
foliated. The foliation in bodies 18 and 20 is
steeply dipping and conforms to the margins of
the plutons. Where aeromagnetic data are availa-
ble (Kuiu Island, northern Prince of Wales [sland,
and the Chilkat Range), plutons within the pro-
vince display positive anomalies (Brew and
others, 1978; U.S. Geological Survey, 1979).

Mineralogically, the plutons within the province
are characterized by oscilatory zoned plagioclase,
interstitial K-feldspar (rarely microcline), and



136

58N

Chichagof (9
(sland ™ @

PACIFIC  0Cg4,,

560 L

50 KILOMETERS
EXPLARATION
@ Kuiu-E(@lin volcanic-plutonic complex
Tenlary rocks an southern Admiralty \sland
Middle Cretaceous glutons N

@2 Pwrons within the Chilkat Prince of Wales glutanic province

E== Jurassic plutons west of Pen! Stral
— - Contact—Datted whera Concealed

, ~—— Faut
134%
RGURE 54.—Map showing bodies within the Chilkat-Prince of
Wales plutonic province { numbered 1- 22); middle Creta-
ceous plutons on Chichagof Island, Admiralty lsland and
near Glacier Bay; Jurassic plutons west of Peri Strait; the
mid-Tertiary Kuiu-Etolin volcanic-plutonic belt; Tertiary
rocks on southern Admiralty Island; and major faults dis-

hornblende as the dominant mafic mineral.

Quartz is present most commonly as interstitial

grains and locally as subhedral phenocrysts. Bio-

tite 15 commonly absent, and pyroxene is locally

present, commonly as cores in hornblende.

Sphene is the most abundant accessory mineral,

and apatite and zircon are subordinate. Grain

sizes are fine {0 medium, and color indices are

mostly between 8 and 15.

The assignment of bodies 10 and 11 (fig. 54) on
northern Kuiu Island to the plutonic province is
tentative. Body 11 contains a mappable border
zone of olivine-hypersthene gabbro (Muffler,
1967). Neither olivine nor hypersthene has been
observed in any of the other plutons within the
province. Hornblende gabbro has been mapped at
the south end of body 10. Muffler (1967) also re-
ports hornfels zones as much as 3 km wide sur-
rounding plutons 10 and 11. These zones contrast
with the very narrow hornfels zones (a few tens of
meters wide) around other plutons of similar size
within the province. Thus, the bodies on narthern
Kuiu Island may have been emplaced at a differ-
ent level or represent different magma types than
other plutons within the plutonic province. The
proximity of the northern Kuiu plutons to the Ter-
tiary Kuiu-Etolin volcanic-plutonic complex
(Brew and others, 1979) suggests an association
(fig. 54). Muffler (1967) assigned a questionable
Cretaceous age to the northern Kuiu plutons, but
Loney and others (1975) assigned a questionable
Tertiary age.
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(Geolimes. 1973) modes of selected plutons from the
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Chilkat-Prince of Wales plutonic province.
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The extent of the Chilkat-Prince of Wales
plutonic province is poorly known. To the north,
in and beyond Glacier Bay National Monument,
the province apparently merges with, or is cut off
by, the middle Cretaceous batholithic complex of
Chichagof Island and Glacier Bay (MacKevett and
others, 1974; Loney and others, 1975; Brew and
others, 1978). To the south, the province probably
includes many plutons on Prince of Wales [sland.
To the east, on Revilagigedo Island, plutons dated
as Jurassic and Cretaceous (Berg and others,
1978; Smith and others, 1979) are aeromagneti-
cally, texturally, and mineralogically dissimilar to
plutons within the Chilkat-Prince of Wales
plutonic province (R. L. Elliott and R. D. Koch,
oral commun., 1980). Plutons within the
Petersburg quadrangle, between Clarence Strait
and the Coast Mountains, are similar to those on
Revillagigedo Island.(D. A. Brew, unpub. data).
Thus, the province is interpreted as not extending
east of Clarence Strait.

Radiometric age data for plutons within the
Chilkat-Prince of Wales plutonic province are lim-
ited to three bodies. Loney, Brew, and Lanphere
(1967) report lead-alpha dates (zircon) of
180%£20 m.y. from body 3. 180%20 m.y. and
160120 m.y. from body 7, and 150120 m.y. and
1201420 m.y. from body 6. They also report K-Ar
dates of 144%7 m.y. (hornblende) from body 7
and 1083F5 m.y. (biotite) from body 6. To sum-
marize, a Jurassic age is implied for bodies 3 and
7, but a middle Cretaceous age should be consid-
ered for body 6. The one available sample from
body 6 contains more biotite, gquartz, and
K-feldspar and less hornblende and sphene than
other bodies of the province; thus the relation of
body 6 to the Chilkat-Prince of Wales plutonic
complex is ambiguous. Unti further isotopic data
are available, the age of the province is concluded
to be Jurassic and (or) Cretaceous.

If the Chilkat-Prince of Wales plutonic province
is Jurassic, then it may correlate with the
Tonsina-Chichagof belt of Hudson (1979) and the
Chilkat-Chichagof belt of Brew and Morrell
(1980). If the province is found to be middle Cre-
taceous, then it probably represents the eastern
margin of the uplifted bathelithic complex on
Chichagof Island and in Glacier Bay National
Monument, correlative with the Nutzotin-
Chichagof beit of Hudson (1979). Loney and
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others (1975) interpret bodies 4, 5, 6, 8, and 9 as
middle Cretaceous, separated from the Early Cre-
taceous batholithic complex to the west by the
Sitkoh Bay fault; body 7, however, is interpreted
as Jurassic.

Right-lateral offset of the Chilkat-Prince of
Wales plutonic province by the Chatham Strait
fault is suggested in figure 54. To determine the
amount of offset accurately, additional data are
needed in order to define the age and chemical
nature of the plutons and the trend of the prov-
ince. Tertiary sedimentary and volcanic rocks on
southern Admiralty Island (fig. 54) may cover
additional plutons within the province, resulting
in an apparent offset. If the province is displaced
by the Chatham Strait fault, then a rough esti-
mate of offset can be made by juxtaposing plu-
tons on either side of the fault. The amount of
offset estimated by this method is dependent
upon the assignment of the northern Kuiu plutons
(bodies 10 and 11) to the province. If these plu-
tons are included, then the offset may be between
100 km and 130 km. If the northern Kuiu plutons
are exciuded from the province, then the offset
may be between 150 km and 180 km. If the larger
values are assumed, then palinspastic reconstruc-
tion juxtaposes middle Cretaceous plutons on
Admiralty Island against plutons of similar age in
the Takhinsha Mountains, northwest of Chilkat
Inlet (MacKevett and others, 1974; Brew and
Morrell, 1980). Ovenshine and Brew (1972) have
demonstrated between 179 km and 205 km right-
Iateral offset of a Silurian facies change along the
Chatham Strait fault. Thus most, if not all, lateral
offset along the fault is probably post-Jurassic.

REFERENCES CITED

Berg, H. C., Elliott, R. L., Smith, 4. G.. and Koch, R. D., 1978,
Geologic map of the Ketchikan ang Prince Rupert quad-
rangles, Alaska: U.S. Geological Survey Open-File Report
78-73A. scale 1:250,000.

Brew, D. A., Berg. K. C., Morrell, R. P., Sonnevil, R. A., Hunt,
S. d., and Huie, Carl, 1979, The Tertiary Kuiu-Etolin
volcanic-plutonie belt, southeustern Alaska, in Johnson,
K. M., and Williams, J. R.. eds.. The United States
Geological Survey in Alaska: Accomplishments during
1978: U.8. Geological Survey Circular 804- B, p. B129-
B130.

Brew, D. A., Johnson, B. R., Grybeck, Donald, Griscom. An-
drew, Barnes, D. F.. Kimball, A. L., Still, J. C., and Rataj,
J. L., 1978, Mineral resources of the Glacier Bay National
Monument, Wilderness Stady Area. Alaska: U.S. Geologi-



ca) Survey Open-File Report 78-494.

Brew. D. A., and Morrell, R. P., 1980. Preliminary map of in-
trusive rocks in southeastern Alaska: U.S. Geologtcal Sur-
vey Miscellaneous Field Studies Map MF-1048. scale
1:1,000.000.

Geotimes, 1973, Plutonic rocks—classification and nomencla-
ture recommended by the [UGS Subcommission on the
systematics of igneous rocks: Geotimes, v. 18, no. 10, p.
26-30.

Hudson, Travis, 1979, Calc-alkaline plutonigsm along the
Pacific rim of southern Alaska: U.S. Geological Survey
Open-File Report 79-963.

Lathram, E. H., Loney, R. A.. Condon, W. H., and Berg, H. C..
1959. Progress map of the geology of the Juneau quad-
rangle. Alaska: U.S. Geological Survey Miscellaneous
Geoalogical Investigations Map [-303, scale 1:250.000.

Loney. R. A.. Brew, D. A., and Lanphere, M. A.. 1967, Post-
Paleazoic radiometric ages and their relevance to fault
mavements. northern southeastern Alaska: Geological
Sociely of America Bulletin, v, 78, p. 511-526.

Loney, R. A., Brew. D. A., Muffler, L. J. P., and Pomeroy. J.
8., 1975, Reconnaisssnce geology of Chichagof. Baranof,
and Kruzof [slands, southeastern Alaska: U.S. Geological
Survey Professional Paper 792,105 p.

MacKevett, E. M., Jr., Roberison, E. C., and Winkler, G. R..
1974, Geology of the Skagway B-3 and B-4 quadrangles,
southeastern Alagka: U.S. Geological Survey Professional
Paper 832, 33 p.

Muffler, L. J. P., 1967, Stratigraphy of the Keku Islets and
peighboring parts of Kuiu and Kupreanof [slands, south-
eastern Alaska: U.S. Geologica) Survey Bulletin 1241-C,
52 p.

Ovenshine. A, T., and Brew, D. A.. 1972, Separation and his-
tory of the Chatham Strait fault. soutbeastern Alaska.
North America: International Geological Congress, 24th.
Montresl 1972, Sec. 3. p. 245-254.

Swmith, J. G., Stern, T. W.. and Arth. J. G., 1979, [sotopic ages
indicals multiple episodes of plutonism and metamor-

phism in the Coast Mountains near Ketchikan, Alaska:

Geological Society of America, Abstracts with Programs.
v.11, p. b19.

U.S, Geological Survey. 1979, Aeromagnetic map of the
Petersburg area, Alaska: U.S, Geological Survey Open-
File Report 79-832, scale 1:250.000.

Age of busalt flows in the Blue River valley, Bradficld Canal

quadrangle
By Raymond L. Ellioct, Richard D. Koch, and Stephen W.

Robinson

Holocene flows of alkali-olivine basalt in the val-
ley of the Biue River, and its tributary Lava Fork,
are probably the youngest eruptive rocks in the
southern part of southeastern Alaska. A single
radiocarbon date on wood from a partly charred
conifer log on the surface of one of the flows
yields an age of 360160 yr B.P. (USGS-639) for
that flow. These basalt flows, here informally

called the Blue River flows, were briefly noted by
several workers in the early years of this century
(Brooks, 1902; Wright, 1906 ; Wright and Wright,
1908). However, the flows received little further
attention until recently when they were studied
during reconnaissance geologic mapping of the
Bradfield Canal quadrangle.

The flows cover alluvial and glacial(?) deposits
in the glacially eroded valleys of Lava Fork, Blue
River below Lava Fork, and Unuk River at its con-
fluence with Blue River (fig. 56). Smooth and
ropy pahoehoe surfaces are widespread but are
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commonly broken into large and small slabs.

Blocky lava and rubble are also common, espe-

cially in Lava Fork. Steep valley walls adjacent to

the flows are mainly granitic rocks of the Coast

Range batholithic complex.

The principal vent area is at or near the top of &
1,400-m-high ridge on the east side of Lava Fork,
5 km north of the international boundary io
British Columbia. No well-formed cone is present
at the vent area, and none is likely to have formed
on the precipitous slopes above Lava Fork. Steep
cascades of basalt follow two broad channels
down the valley wall from the vent area to Lava
Fork where two lakes, 1 and 2 km long, were
formed as the lava and debris fans at the base of
the basalt cascades dammed the river.

Lava flowed 12 km down Lava Fork to its conflu-
ence with Blue River where a broad lava fan
spread across the 1-km-wide valley floor to dam
the river and create Blue Lake. Basalt continued
to flow southward down the Blue River valley for
9 km where it spilled out onto the broad alluvial
flat of the Unuk River and forced the river against
its southeastern valley wall. A broad, gently slop-
ing lava field, extending nearly 1 km upstream
and 3 to 4 km downstream from the mouth of the
Blue River valley, represents the farthest extent
of the Blue River flows. A single small steep-
walled cinder cone on the floor of the Blue River
valley, 15 km downstream from the main vent
area, is surrounded by flows.

Field observations provide evidence of notable
youth for these flows:

1. Surfaces of most of the flows are fresh unal-
tered rock, largely devoid of any soil cover.
Plant growth, other than lichen, on these
flows I8 very sparse. Significant regrowth of
trees has occurred only in some areas of
older flows, on the cinder cone, and adjacent
to river channels where water-borne sedi-
ment is present.

2. Surface drainage remains disrupted, especially
in the upper reaches of the flows, In these
areas drainage is mainly beneath the surface
or through broad mazes of ponds and small
lakes on the surface of the flows. Only in the
lower part of the Blue River valley has the
river reestablished one well-defined channel.

3. Ash and other easily eroded pyroclastic de-
posits mantle steep rock slopes and stagnant
glacia) ice along the margins of the glacier at
the head of Canyon Creek near the vent area.
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The active stream of ice in the center of this
glacier has carried the ash away from the
eruptive area and concentrated it at the toe
of the glacier.

4. Remaing of fallen trees, apparently conifers,
are abundant and uniformly distributed over
some flow surfaces in the Unuk valley. The
undersides of sorne of these tree trunks have
been partially charred. The fallen tree trunks
commonly form the axes of irregular conical
areas of lesser lichen growth on the flow sur-
face. These areas of lesser lichen growth, re-
sembling the profile of living conifers,
suggest that living trees were surrounded by
flows and, after being burned off at the base,
toppled ont¢ the still hot lava crust. The
branches or their organic acid or ash residue
suppressed lichen growth for some time angd
produced an image of the living tree on the
flow surface. Evidence that the tree trunks
probably were not deposited by river flood-
ing includes the charring, uniform dis-
tribution over wide areas, distance from
river channels, absence of sediment, and the
presence of branches, which are commonly
stripped from floodborne tree trunks.

The radiocarbon age, which was determined on
fresh wood from the outer 2 cm of one of the fal-
len tree trunks, and the field observations listed
above indicate very recent eruptive activity. Sev-
eral successive and partly overlapping flows are
recognizable locally, and two or more flows over-
lap the flow surface from which the radiocarbon
sample was obtained. Differences in the degree of
reforestation and amount of lichen growth on dif-
ferent flows have been noted. These vegetative
differences, as well as the apparent thickness of
lava above and below the flow level(s) that bear
the fallen trees, suggest intermittent eruptive ac-
tivity alternating with periods of quiescence. Thus
two or more flows above the horizon of the
radiocarbon sample may be significantly younger
than 360160 yr B.P.
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New data concerning the geology of the North Bradfield River
ron prospect, southeastern Alaska
By Rouald A. Sonnevi)

Recent mapping at the North Bradfield River
iron prospect has demonstrated an alternative
structural mode} that suggests the potential oc-
currence of undiscovered magnetite deposits in
the area. The Noxrth Bradfield River iron prospect
is located in the Coast Plutonic Complex (Douglas
and others, 1970) approximately 65 km east of
Wrangell, Alaska. The prospect is within a 1- to
5-km-wide septum of gneiss, schist, and minor
marble; the septum grades into migmatite to the
west and is bounded to the north and south by
Cretaceous or Tertiary granodiorite plutons (fig.
57). The septum terminates approximately 5 km
northwest of the prospect and extends for at Jeast
24 km to the east where it crosses the Canadian
border (R. L. Elljott and others, unpub. data).

The geology near the eastern part of the pros-
pect was mapped in detail (fig. 58) and consists
of heterogeneous gneiss and marble intruded by
leucocratic hornblende-biotite granodiorite. This
granodiorite is similar to plutons dated as Eocene
in the Hyder-upper Portland Canal area (R. L. El-
liott, oral commun., 1979) and in the Juneau-
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Tracy Arw area (D. A. Brew, oral commun.,
1979). Rocks mapped as gneiss are extremely var-
jable and include schist, semischist, hornfels,
quartztite, marble, banded gneiss, and gneissic
quartz diorite. Contacts of rock types within the
gneiss are usually gradational and discontinuous.
The only mappable units within the metamorphic
rocks are marble horizons which indicate that the
domjnant structure in the area mapped is homo-
clinal with northwest to northeast dips. Figure 59
is a schematic cross section of the area summariz-
ing the structural interpretation and lithologic
variations. This structural interpretation contrasts
with that of MacKevett and Blake {(1963), who in-
terpret the structure as an overturned syncline
with the hinge of the marble horizons near locality
A (fig. 58).

Mineralogy within the gneiss unit is charac-
terized by varying amounts of hornblende, bio-
tite, pyroxene, guartz, and feldspars. Marble con-
taing calcite with subordinate pyroxene, gquartz,
fetdspars, and scapolite. Locally marble is re-
placed by calc-silicate skarn consisting of
garnet+ pyroxene-+quartz+calciteXfeldsparst
magnetite £sulfide minerals. Associated with
calc-silicate skarn are discontinuous bodies (fig.
58) of magnetite with minor pyrrhotite, chalcopy-
rite, pyrite, and calc-silicate minerals. These
bodies range in thickness from 0.5 to 12 m and in
length from 15 to 108 m (MacKevett and Blake,
1963).

Secondary copper and iron oxides cororoonly ac-
company the magnetite deposits. Near one de-
posit (loc. B, fig. 58), copper oxide staining is vis-
ible from a distance of 2 km. During this study,
an additional copper-stained area was noted ap-
proximately 1.5 km east of the previously reported
deposits (MacKevett and Blake, 1963). This area,
which is continuous across an inaccessible cliff
for approximately 30 m (loc. C, fig. 58), is on
strike with the two main marble horizons that
contain magnetite. Steep slopes and vegetation
cover did not allow mapping of all marble hori-
zons (including those with magnetite) in the east-
ern part of the area, but the continuity of one of
the marble horizons and the copper oxide stain at
locality C suggest that all of the marble horizons
probably extend to this area. Thus, the potential
for additional magnetite deposits is high to the
west and east of locality C. However, the narrow-
ness of the septum near locality C indicates that
deposits at this locality may be cut off at depth by
granodiorite.
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Preliminary ioterpretation of the geologic struclure bepeath the
northern Bering Sea shelf, including Norton Basin

By Michael A. Fisher, Mark L. Holmes, and William W. Pagoo,
Jr.

This paper presents a preliminary interpretation
of the geologic structure of part of the continental
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shelf, beneath the northern Bering Sea, which is
north of St. Lawrence Island and the Yukon delta
and south of Seward Peninsula (fig. 60). Norton
Basin lies within this area, and a petroleum lease
sale is tentatively scheduled for the basin in Au-
gust 0f1982.

Seismic-reflection data, used to make the struc-
ture map in figure 60, were collected in 1969 and
in 1978. In 1969, single-channel airgun (0.66L)
data were obtained aboard the USC and GSS Sur-
veyor (Walton and others, 1969), and in 1978,
24-channel airgun (19.6L) data were obtained
aboard the R/V S.I°. Lee. Seismic-refraction data
were collected at 35 stations in 1977 and 1978
aboard the R/V S.P. Lee. These data provide the
velocity information that was used to convert
two-way time to depth (Z=0.80T+0.167T2),
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where Z is depth in kilometers and 7 is two-way
time in seconds. Position was determined by
Raydist in 1969 and by satellite navigation,
supplemented by doppler-sonar dead-reckoning,
in1977 and 1978. '

For the purpose of discussion, the continental
shelf beneath the northern Bering Sea is divided
at the 168° W, meridian into two structural areas:
a western area, which is underlain by shallow
basement; and an eastern area, which comprises
Norton Basin. In the western structural area,
most of the information on geologic structure
comes from small-airgun (0.66L) data, which
show that reflective rocks are thin (less than 2
km) and are bounded below by an interface that
returns a strong reflection. This interface, con-
toured in figure 60, corresponds in depth to a dis-
continuity in refraction velocities—velocities above
the discontinuity range between 2.5 and 3.5
km /s; velocities below range between 3.5 and 4.5
km/s (Holmes and Fisher, 1979; Fisher and
others, 1979). The sparse 24-channel data ob-
tained in this structural area show that100 to 300
m of strata underlies this velocity discontinuity.
Refraction velocities at the base of these deeper
strata between 5.0 and 6.9 km/s suggest that the
base of these deeper strata is probably the con-
tact between Tertiary rocks and what may be
Paleozoic and lower Mesozoic rocks in the base-
ment, which are similar to rocks exposed on St.
Lawrence Island and on the Seward Peninsula
(see geologic maps by Hudson, 1977; and Patton
and Csejtey, 1979).

Structures north of St. Lawrence Island include
several grabens and seven anticlines, which gen-
erally strike northwest (fig. 60). Sedimentary
rocks in the grabens are as thick as 1.5 km. and
the grabens generally shoal northwestward from
Norton Basin. The seven northwest-striking anti-
clines lie near Seward Peninsula and are 40 to 60
km long and 5 to 10 km wide. Cenozoic strata lap
onto the anticlines. King Island, on which Cre-
taceous granitic rocks are exposed (Hudson,
1977), is uplifted along one of the anticlines.
Numerous faults are near the anticlines, but the
dips of these faults are difficult to determine from
the seismic-reflection data; consequently, we can-
not determine whether the faults are reverse
faults associated with anticlinal folding or normal
faults associated with the extension that formed
nearby grabens.

The structural area east of the 168° W. meridian
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makes up Norton Basin. The western part of Nor-
ton Basin contains major northwest-trending
normal faults, which in places have throws great-
er than 2 km (fig. 60). No reverse faults have
been identified in this part of Norton Basin, and
major normal faults are all downthrown to the
northeast. Where fault throw is greatest, isolated
basin lows as deep as 5 km are formed.

Faulting is complex in the eastern part of Nor-
ton Basin, north and northeast of the Yukon delta.
Major faults are all normal and change strike
from northwest in the west to northeast in the
east (fig. 60). In the northern part of Norton Ba-
sin, one major fault strikes nearly east and forms
the southern boundary of a shallow (less than 1
km deep) basement platform that extends south
from the Seward Peninsula. Adjacent to the south
side of this fault is a large east-striking anticline,
which may have formed when the south side of
the fault dropped down, causing a local reversal
of the regional south dip of the basin strata.

Norton Basin is deepest in the southeast. These
basin deeps are formed by progressively deeper
steps down large-throw (1 to 2 km) normal faults.
The maximum measured thickness of rock in the
basin is 7 km. The southerly exteunt of the basin
deeps is unknown because shallow water near the
Yukon delta precluded data collection south of the
seismic grid shown in figure 60.

On the basis of refraction velocities and of con-
siderations of regional geology, Fisher and others
(1979) and Holmes and Fisher (1979) speculate
that fill in Norton Basin is as old as Late Creta-
ceous. This age and the thickness of basin fill (as
much as 7 km) suggest that the basin could con-
{ain petroleum resources.
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Environmental geologic studies of the northern Bering Sea
By Dcvin R. Thor and C. Hans Nelson

Seismic studies conducted during 1976-1978
aboard the R/V Sea Sounder in the northern Ber-
ing Sea indicate a dynamic environment of mod-
erate tectonism, sediment instability, and active
erosional and depositional processes on the shal-
low sea floor, which create several potential
geologic hazards (fig. 61) (Thor and Nelson,
1979). Processes active in the area include fault-
ing, thermogenic gas seeps. sea-floor gas crater-
ing, sediment liquefaction, ice gouging, scour-

depression formation, storm-sand deposition, and
large-scale bedform movement. Seeps of ther-
mogenic hydrocarbon and carbon dioxide gas re-
sult from near-surface faulting south of Nome
(Nelson and others, 1978; Kvenvolden, Weliky,
and Nelson, 1979; Kvenvolden, Nelson, and
others, 1979). Numerous faults also cut the sea
floor in the area west of Port Clarence; fault activ-
ity is difficult to determine, however, because
current scour may be preserving or exhuming old
fault scarps {Johnson and Holmes, 1978).
Interaction between the processes of liquefac-
tion, gas crater formation, scour depressions,
storm-sand deposits, and slumps may cause sed-
iment instability problems. Liquefaction of the
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upper 1-3 m of the Holocene coarse-grained silt
ang very fine grained sand covering Norton
Sound can be caused by cyclic storm-wave load-
ing (Olsen and others, 1980). The widespread oc-
currence of gas-charged sediment with small sur-
ficial craters (3-8 m in diameter and Jess thanl m
deep) in central Norton Sound suggests that the
sea-floor sediment is disrupted by intermittent
venting of biogenic gas from the underlying peaty
mud (Nelson, Thor, and others, 1980).

During major storms, liquefaction may not only
help trigger crater formation, but also may en-
hance erosional and depositional processes that
create large-scale scour areas and transport sand
in the Yukon prodelta area. Smali-scale surficial
slumps on the west flank of the Yukon prodelta
may also be triggered by liquefaction.

Interaction of erosional and depositional proces-
ses may result in hazards in the shallower parts of
the northern Bering Sea. Ice gouges as deep as 1
m are ubiquitous in the area of the Yukon pro-
delta (Thor and Nelson, 1979). Although much
less common, ice gouges are present throughout
the remainder of the northern Bering Sea where
water depths are less than 20 m. In the Yukon
prodelta area and in central Norton Sound, where
currents are constricted by shoal areas and flow is
made turbulent by local topographic irregularities
(such as ice gouges), storm-induced currents
have scoured large (50150 m diameter), shallow
(<1 m deep) depressions (Larsen and others,
1979). Abundant storm-surge sand layers in
Yukon mud suggest that storm-surge activity has
a significant effect on the bottom. Around the
Yukon prodelta, storm surge and waves have gen-
erated bottom transport currents that deposit
layers of sand as far as 75 km from land. West of
Port Clarence, large sand waves (10-200 m
wavelength and 0.5-5 m wave height) move in-
termitiently when storm surge run-off reinforces
the strong geostrophic currents continually flow-
ing north over the Bering shelf (Field and others,
1977; Nelson and others, 1977; Nelson, Dupré, and
others, 1980).
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Geologic constraints for petroleum development of the lower
Cook Inlet, Alaska, Quter Continental Shelf lease area
By John W. Whitney and Dennis K. Tharstan

Petroleum exploration began in the lower Cook
Inlet (LCI) Outer Continental Shelf area after the
October 1977 Federa! lease sale, and additional
leasing is scheduled for 1981. Further petroleum




exploration and possible development in this area
will occur within guidelines resulting from
geologic studies by both the U.S. Geological Sur-
vey and industry. The geologic factors described
below may place constraints on oil and gas drill-
ing and production in LCIL. These factors include:
shallow gas-charged sediment, sand wave
dynamics, seismicity and faulting, consolidation
of the Quaternary glacial-marine overburden, and
volcanism.

Shallow gas-charged sediment in several areas
has been interpreted from high-resolution seismic
records. The velocity anomaly and phase reversal
on the seismic records, for which the most likely
and conservative interpretation is one of shallow
gas, are less than 50 m below the mudlipe. Be-
cause the composition and pressure of this gas are
unknown, it is recommended that drilling ip such
areas be avoided. These areas are outlined on fig-
ure 62 (dash-dot line).

Large sand waves, with heights of as much as 12
m and wavelengths of several hundred meters.
cover approximately half of the tracts leased in
the 1977 Federal petroleum lease sale. Inasmuch
as strong bottom currents (greater than the
threshold bed-shear stress necessary to move
sand graing) have been measured {(Whitney and
others, 1979). undesirable sediment scour and
transport of these sand waves may occur. In a
five-year comparative study, employing "Mini-
Ranger” navigation, seismic profiling, and side-
scan sonar equipment, none of the large sand
waves was observed to migrate (Whitney and
others, 1979). However, the limitations in resolv-
ing potential sand-wave movement { 310 m) ind;-
cate that further study is needed prior to instal-
ling bottom-founded structures. The area covered
by these large sand waves is outlined on figure 62
(dashed line).

The Benioff Zone, 50-75 km beneath the LCI
lease area, seeros incapable of generating great
earthquakes of more than magnitude 7.8 (Pulpsn
and Kienle, 1979). Such great earthquakes appear
to be restricted to the shallow, thrusting part of
the Benioff Zone, 200 to 400 km away from LCI.
Frequent earthquakes with a magnitude somewhat
greater than 6 could constitute the greatest seis-
mic risk. No large faults offsetting the sea floor
have been identified, and the adjacent onshore
Bruin Bay and Border Ranges faults show no sig-
nificant historical activity (Magoon and others,
1976). Although the seismic risk of LCI is sig-

nificant, this area is not within one of the so-
called "seismic gaps.” Detailed studies regarding
earthquake recurrence rates, seismic ground re-
sponse parameters, and seismic energy attentua-
tion relations in LCI are in progress.

Glacial-marine overburden, as much as 100 m
thick, covers most of LCI and in some areas is
topped with a thin laye (less than 10 m) of loose
sand. Bottom-founded structures will probably be
anchored to this glacial-marine sediment. The
weight of over 300 m of ice during the last major
glacial epoch probably consolidated or over-
consolidated the glacial sediment. Stability of
very steep sloped channels cut into this glacial
section tends to support this premise. Thus, excel-
lent foundation conditions exist in this glacial
overburden. The marine part of the overburden.
occurring in the deeper water in the southern part
of LCI. may be under-consolidated. Further
evaluation is needed in order to determine the de-
gree of consolidation and other geotechnical
properties of these marine sediments.

Three historically active volcanoes lie within 10
to 40 km of the Federal lease sale area. Of these
three, Augustine Volcano is the closest and
youngest and therefore potentially the most
dangerous. Augustine had major explosive erup-
tions in 1883, 1964, and 1976 with several minor
eruptions and steaming activity in the interim. An
eruption could cause ash falls, tsunamis, and
high-temperature shock waves, which could harm
offshore and onshore petroleum facilities and per-
sonnel. The 1976 eruption resulted in a ground
cover of ash in Anchorage, 280 km away. At a
closer range, this ash could bave caused major
equipment shut-downs and faidures. Pyroclastic
flows entering the water from the 1883 eruption
produced a 25-ft wall of water across LCI at the
fishing community of Seldovia, severely damag-
ing the fleet. Figure 61 shows the extent of sub-
merged flows off the east side of Augustine (dot-
ted line). Studies in progress suggest that flows
may extend off the west shore to an even greater
distance than on the east side.
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Distribution of gas-charged sediment and pockmarks ia the
. northeastern Gulf of Alaska, Yakutat Bay to Cross Seund
By Bruce F. Molnia

Six areas of gas-charged sediment have been
identified in the northeastern Gulf of Alaska he-
tween Yakutat Bay and Cross Sound: (1) on the
southeast flank of Yakutat Sea Valley, (2) near-
shore between Dangerous River and Alsek River,
(3) on the west flank of Alsek Sea Valley. (4)
southeast of Lituya Bay, (5) on the northwest wall
of Cross Sound Sea Valley, and (6) south of
Graves Harbor (fig. 83). The presence of the
gas-charged sediment was determined by in-
terpretation of more than 10,000 km of high-
resolution seismic and echo souunder profiles, plus
gas chromatographic analyses of sediment cores.
Seismic profiles from the six areas show combina-
tions of displaced reflectors (pull-ups and pull-
downs). acoustic sinks and transparencies in the
top 50 m of sediment, and occasionally. possible
gas plumes in the water column. Seismic profiles
from other areas in the northeastern gulf showed
acoustic sinks or transparencies, but these fea-
tures could not be confirmed as being gas related.

Five of the six gas-charged areas are small. cov-
ering 10 km? or less; the exception is the area
nearshore between the Dangerous and the Alsek
Rivers. This area, which encompasses more than
200 km?, is the only one of the six with a surface
manifestation of the presence of gas; thousands of
seafloor pockmarks and craters range in diameter
from less than 2 m to as much as 400 m. The
pockmarks are actively forming today (Molnia,
1979) and commonly are the site of gas seepage
into the water column.

Most of the gas from sediment coves collected
in the gas-charged areas is biologically derived
methane (Molnia and others, 1978). The
maximum gas conceuntration measured in 1979
from a sediment core collected in the nearshore
between the Dangerous and Alsek Rivers was
3x10” nL of methane/L of wet sediment, a gas

concentration three to four orders of magnitude
greater than background. Similar high concentra-
tions were measured in gas-charged sediment
west of the study area (Molnia and others, 1978).

In each of the six areas, the gas-charged sedi-
ment is present in the upper part of a thick
Holocene sediment section. No evidence of leak-
age from deeper pre-Holocene sources can be
seen on the high-resolution profiles. This observa-
tion. combined with the biogenic nature of the gas
suggests that bacterial breakdown of organic
material deposited in the rapidly accumulating
Holocene sediment may be the source of the gas.

Gas-charged sediment has lower sediment
sirength and bearing capacity than sediment nog
charged with gas. As the gas concentration in-
creases, sediment stability decreases until failure
occurs. This characteristic poses a potential
hazard to exploitation of mineral resources on the
sea floor as drilling into gas-charged sediment.
cyclic loading, seismicity, or spontanecus over-
pressurization may cause the sudden and cata-
strophic release of gas and pore water and cause
failure of pipelines and platforms in the im-
mediate area.

Pockmarks on seismic profiles from the near-
shore area between the Dangerous and Alsek Riv-
ers closely resemble other disturbed areas where
sediment sliding is active. Only through site-
specific side-scan sonar surveys and sediment cor-
ing has the relation been established between the
gas-charged sediment and the seafloor
pockmarks. This relation suggests that in other
areas where sediment sliding is an active process,
gas in the sediment may be & major cause of sed-
iment instability.
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Depth chunges in Icy Bay, Ataska caused by sedimentation and
melting of ice-cored moruine
By Bruce F. Mglnia

Depths in the 256 km® lower basin of Icy Bay
have changed substantially during the 54-year
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period between 1922 and 1976. A bathymetric
survey conducted by the National Oceanic and
Atmospheric Administration (NOAA) ip 1976 and
a seismic survey conducted by the U.S. Geological
Survey in 1977 document depth changes exceed-
ing 70 m in lower Icy Bay when compared to a
1922 Coast and Geodetic Survey bathymetric
study.

Planimetry of data from the lower basin surveys
indicates that depths have decreased in 143 km? of
the basin, increased in 45 km? of the basin, and
remained the same in 68 km® of the basin (fig.
64). Areas of deepening correspond to the posi-
tion of the arcuate teminal moraine that marks

1400 1390

the 1904 maximum advance of Guyot Glacier
(Molnia, 1977).

More than 30 m of deepening has occurred on
the west side of the bay in an area that in 1922
was an onshore ice-cored mound ahout1l km in-
land from the 1922 shoreline. By the time of the
recent surveys, this same area was covered by
more than 10 m of water and was 3 km offshore.
Ip all, more than 0.5 km® of submarine ice and
sediment has been removed between surveys.
Most of the volume change is due to the melting
of the ice core of the submerged moraine rather
than to erosion.

Sedimentation is the dominant geologic process
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FiGuie 63.—Location of six areas of gas-charged sediment in northeastern Gulf of Alaska hetween Yakylel Bay and Cross Sound.
Numbers on figure correspond 1o numbers used in Lext. Gas pockmarks and craicrs only found in area 2. Contour line shown

is the 200 m isobath.
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in Jower Icy Bay. Over 2.7 km?® of sediment has ac-
cumulated in the lower basin between 1922 and
1976. On the east side of the bay, ridges on Point
Riou Spit, reaching elevations of more than 5 m
above sea level, occupy an area that was more
than 75 m below sea level in 1922. Shoaling of
similar magnitude has occurred at Claybluff Pomnt
on the northwest side of the basip. Sediment
being deposited in lower Icy Bay comes from two
sources: (1) longshore transport from the east.
which contributes sediment from Malaspina
Glacier distributaries, and (2) Tyndall, Yahtse,
and Guyot Glaciers at the head of the bay, which
contribute huge quantities of fine-grained sus-
pended sediment and coarser material. Maximum
sedimentation rates in the upper bay exceed 2
m/yr (Molnia, 1979) and exceed 1.4 m/yr in the
lower bay. The average sedimentation rate for the
lower bay is 0.2 m/yr.

Tectonic uplift and isostatic readjustment are
other possible mechanisms that may have created
base level changes between the 1922 and 1976-
1977 surveys, although neither is offered as an
explanation for depth changes observed. Using
the rate of uplift from Hudson, Plafker, and
Rubin (1978) for this region (0.5 cm/yr) and as-
suming isostatic readjustment at the same rate, a
maximum of 0.54 m of basin-wide shoaling may
have occurred during the period of study. This
represents less than 5 percent of the total ob-
served changes and leads me to conclude that the
observed basin changes mainly are due to
sedimentation and melting of the ice-cored
moraine.

It is not known how much ice, if any, still exists
in the submarine ice-cored moraine or how much
additional deepening may occur at the bay mouth.
If sedimentation continues, however, at the aver-
age rate of the 54-year period between bathymet-
ric surveys, then much of the lower basin of Icy
Bay will shoal to near sea level in the next few
centuries. A similar depositional regime filled
Vancouver's Icy Bay, a nearby fiord, in the early
nineteenth century (Molnia, 1977,1979).
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Bentbic foraminifers as indicators of rhe Pleistocene-Holocene
boundary in the castern Gulf of Alaska
By Paula Quinterno, Paul R. Carlson, and Bruce F. Molnia

Benthic foraminifers analyzed from five gravity
cores and two dart cores from the eastern Gulf of
Alaska (fig. 65) indicate that the Pleistocene-
Holocene boundary occurs at shallow depth within
four of the cores (17,18, 359, and 302); the three
other cores (14, 15, and 16) may be Holocene
throughout. Faunas in the lower sections of cores
17, 18, and 359 and throughout core 302 differ
from those in the upper sections (table16). Smith
(1963) noted a similar change in faunas with
depth in three cores collected from southwest of
Kodiak Island (table 17) and suggested that the
change in faunas might mark the Pleistocene-
Holocene boundary in the sediments.

Trifarina angulosa, Astrononion gallowayi,
Bolivina decussala, Epistominella pacifica, and
Uvigerina spp. are most abundant in the upper
sections of cores 17, 18, and 359. The lower sgec-
tions of the cores and the sample from core 302
have higher percentages of Buccella and El-
phidium clavatum. which are characteristic of
shallower, more nearshore conditions than are the
assemblages found in the tops of the cores (table
16). One possible explanation for the faunal
change with depth in the cores may be that the
sediments in the lower core sections were depos-
ited during the Pleistocene when sea level was
lower.

In some parts of core14 and the top of core 15,
more than 25 percent of the foraminifers are El-
phidium clavatum and 5 percent or more are Buc-
cella (table 18). These shallow-water faunas, how-
ever, may be Holocene rather than Pleistocene. as
seismic profiles show a thick wedge of Holocene
sediment that probably has not been completely
penetrated by these cores (fig. 65C). This
shallow-water fauna may be present owing to
downslope displacement. For example, high
abundances of Elphidium and Buccella occur in
sand layers in core 14 (table 18). Because
Holocene sand is generally restricted to the inner
shelf in the northeastern Gulf of Alaska (Carlson
and others, 1977), the occurrence of shallow-



water Elphidium and Buccelle in sand layers in a
core beneath 295 m of water is evidence for
downslope displacement.

Although core 15 has fairly high abundances of
Elphidium and Buccella, fragile specimens of Fur-
senkoina dominate the fauna (30 percent), which
also contains Seabrookia. The occurrence of these
four species together is unusual because the

fragile Fursenkoina and Seabrookia generally
oceur in deeper water than do Elphidium and Buc-
cella. Their occurrence together suggests mixing
by downslope displacement.

Seismic data from the eastern Gulf of Alaska
support the benthic foraminiferal evidence for the
Pleistocene-Holocene boundary at shallow depth
below the seafloor. Holocene sediment, mainly
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PiGure 65.—Location map and line drawings of seismic profiles. A, Location map showing track lines 75, 21, and ) along which
seismic profiles were obtained. B, Line drawing of high resalution 400 J mini-sparker record along Pamplona Ridge. The
ridge appears to be nearly devoid of Holocene sediment. C, Line drawing of seismic reflection record (40 in.® air gun) down
Bering Trough showing pinch out of Holocene sediments at the seaward end. D, Line drawing of seismic reflaction record
(40 in.3 air gun) down the axis of Yakutot Sea Valley showing pinch out of Holocene sediments at the seaward end.
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clayey silt, thins toward the seaward extremes of
Bering Trough and Yakutat Sea Valley and is thin
or absent on the crest of Pamplona Ridge (fig.
65B, C, and D). Although figure 65 shows no
Holocene sediment at stations 17, 18, and 359, a
thin layer, as much as1 m thick, may exist, as in-
dicated on table 16. This apparent discrepancy is
a result of the inability to resolve thicknesses of
less than abouf 2 m on seismic profiles.
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TABLE 16.—Percentage disiribution of benthic foraminifers from the castern Gulf of Alaska

[Exeept For Fursenkoina and Seabrookis, only those apeouiesn recorded by Smith (1963}, and wnich were #l3o found in this stady, are listad in this table.]
Core 37 Core 18 Cora 359 Core 302
Rolooene Pleiavooena(?) Holocens Pleistocane(?) Holocene Plefstacena(?) Plelatooene(?)
Deptn 1n gore (om) ——=== 0-2  0=2 10«12 27 3B-ho  66-68 Bo-82 g-2 810 100-102 -2 li-§
Water dapth (M) —e——-- 265 315 163 227
. Grave)ly GSandy Gravelly Sandy Gravelly Snndy Sanay Gravelly Gravolly

Sedimenl Lype--==-o----— Hua Sand GOravel sand gravel Mod mud gravel sand gravel gravel aand sand
Species:
Tr1faring aigulvmqe==—ess 2 1 10 - - - - 18 0 Y 18 4 -
Aserononian gallowgyisem 2 - - - - - - 1 2 ¥ 2 - -
Bollvina decussa - - - - - - - 9 B - 6 2 -
Epistominella pac 3 B k] 2 - 2 - - - - - - -
Globohul tinina aur 2 - 1 - - - - - - - - - 1
Pspudonondon aurd ' 1 - - 1 - 3 - - [ - - -

4 4 5 - - - - 5 4 - - - -

5 - - - - - - 1 - - 3 - -

- 1 2 8 2 1 3 - 1 8 - 4 9
Elphidium Bartiett j————— - - - - - - - - - - - 6 ]
Elphidium clavatufiea—— 5 14 1 20 16 27 23 - - 8 - I 53
Floritus labradoricos 3 2 - 6 s s " - - - - - -
Other 3paases==memm - 13 & 78 66 i3 <6 67 65 75 76 7t &3 36
Number of specimony
QUL LM = m e m e -~ 266 9B  4r9 239 us8 10 382 430 259 667 271 a8 370

TaBLE17.—Percentage disiribution of benthic foraminifers from southwest of Kodiak I'sland

[Only thosa specles that ware found in both Smith's study and the present study are listed in this table.)

, Holocene Pleistocene(?)

Depth in aore (em) ——---- 0-2  2-1%  I14-26 26-29 29-32 MHI-M2 51-52 60-62 71-72 81-82 91-92 101-102

Water depth (m) —-——=----n- 240

Sediment type --m—————sw—- 3and

Species:

Trifarind angulosa=———=-=== 5 23 30 8 5 - - - - - - -

Astrononion gallowayi—---— - t 2 - - - - - - - -

Bolivina decussata-———==~= 9 & 1.5 6 [ - - - - - - -

Eprstominella pacifica---=- 45 12 7T - - 1 1 3 - - - -

Giobobulimina, auriculata-- - - - - - - - - - - -

Pseudononion auricula—-=--=~ - - - - 1 - - ~ - - - -

Uvigerina Bpp.-—=———=—=—== V9 28 30 i - - - - - - - -

Buccella 8pp.=-=—=-~-—-—==== - 1.5 1 4y 8 2 3.5 5 3 5 5 i.5

Elphidium bartletti-———--- - - - 1.5 5 2 7 6 6 4.5 3 5.5

Elphidium clavatul=-——==~== - - - 10 12 30 30 26 %0 V3 32 31

Florilus labradoricus—---- - 1 - - - 6.5 3.5 ] - 2 Y 2

Other 3peoies--———====—amn 22 29.5 28.5 69.5 63 58.5 55 58 51 75.5 56 57

Number of speaimens

counted~—w—-———— - e 1200 1280 250 900 1000 500 300 325 190 700 440 460
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Unusually diverse and well preserved Eocene foraminifers in
dredge samples from the eastern Gulf of Aluska continenta)
slope

By Weldon W. Rau'

Ten samples dredged from outcrops on the con-
tinental slope in the eastern Gulf of Alaska con-
tain unusually diverse and well preserved as-
semblages of Eocene foraminifers (table 19). The
samples were collected during 1979 by the R.V.
Sea Sounder as part of the U.S. Geological Sur-
vey's program to evaluate the petroleum potential
of the outer continental shelf in the vicinity of
Lease Sale 55, planned for the latter part of 1980
(table 20; fig. 66). Eight samples (S10-79-EG-24,
34, 36, 37, 38, 39, 41, and 43) are from an area
approximately 125 km southwest of Yakutat.
Faunas previously discussed from 1978 collections
(85-78-EG-43 and 44) came from this same gen-
eral area (Rau, 1979). Two additional 1979 sam-

[Wsmhingtun Stato Deparuncnt of Consetvation

ples (S10-79-EG-20 and 21) are from an area
about 100 km southwest of Lituya Bay.

This paper Jists the foraminifera) faunas in the
10 samples and discusses their implications for
the age and depositional environment of the con-
taining strata. These strata are of considerable in-
terest for their petroleum potential because they
contain both potential source and reservoir rocks
and because they dip northward beneath the seg-
ment of the outer continental shelf where Lease
Sale 55 is scheduled for late 1980 (Plafker and
others, 1979).

The assemblages generally can be divided into
two groups with respect to age—those indicative
of either an early or middle Eocene age and those
indicative of a late Eocene age.

Early or middle Eocene assemblages occur in
samples S10-79-EG-20, 21, 34, and 41. Nearly all
taxa are well known in early and middle Eocene
strata of California, Oregon, and Washington.
Samples 20 and 21 have yielded unusually diverse
assemblages (table19) and are therefore particu-
larly diagnostic of age. Both assemblages are in-

TABUE 18.—Perceninge distributinn of benthie foramunifers from Bering Trough

[Asterisk indicates that sample was nearly barren of foraminifers.

Except for Fursenkoina and

Seabrookia, only those specles recorded by Smith (1963), and that were also found in this

study, are listed in this table.)

Core 14 Core 15 Core 16
Depth in core (em)-m=~-—-a-—- 0-2 20-22 4B8-50 68-70 88-90 94-95 0-2 50-52
Water depth (m)—-----=-——--- 295 307 303
Fine Fine

Sediment type--v-—-c—mmmmmn Mud Sand Mud Mud sand sand Mud Mud
Species:

Trifarina angulosa—-=—--—-—--- 2 - - - - - - -
Astrononion gallowayi~—-----— 2 - - - 3 - - -
Bolivina decussSata—-=-~—=———— ) - - - - - - -
BEpistominella pacifica-—---- 1 1 - - - - 2
Globobulimina auriculata---- 2 - - - - - 2 -
Pseudononion auvricula-----—- 1 - - - - - -
Uvigerina spp.-———mm=———mm==v i - - - ~ - - -
Seabrookia §p.—=--—————————- 4 - - - - - 2 7
Fursenkoina Sp.-———==~—=——=-m 2 - - - - - 30 1
Buccella Spp.——==—=—c~—=—n-= 1 14 - - 18 17 5 -
Elphidium bartletti=———mmm——- - 5 33 - - 2 - -
Elphidium clavatum——-~—-=—== - 55 - 100% 38 25 13 2
Florilus labradoricus~—-—--- - - - - - - - 1
Other species-~——--———cm—au—- 83 25 67 0 N 56 46 88
Number of specimens

counted—————~mm oo 350 155 3 2 78 48 4o 390
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dicative of an age no younger than the middle
Eocene Ulatisian Stage of Mallory (1959). Al-
though these two assemblages may be coeval, the
assemblage from sample 21 contains faunal evi-
dence of an age no younger than the early Eocene
Penutian stage. Silicosigmoilina celifornica,
Siphonia cf. S. wilcoxensis, and several planktonic
species are among taxa that are known to range

from the Paleocene, to no higher than the early
Eocene Penutian Stage.

The assemblage from sample 41, although less
diverse, is comparable in composition to faunas
from samples 20 and 21. The combined range of
species in sample 41 suggests an age no older
than the early Eocene Penutian Stage and no
youngeyr than the middle Eocene Ulatisian Stage.

TABLE 19.—Foraminifers in outcrop samples dredged from the continentol slope, eostern Gulf of Alasha

[R - rare; F - few; C - common; ? ~ queationably identified.]

Species

810-79-EG
Sample nos.

200 21 24 34 3% 37 38 39 ur 43

Amphimorphina ignota Cushman and Siegfug=—w——-——-r—-
californica Cushman and M. A. Hapna-- - - - C -
Angulogerina hannai Betk=———m—ms e
Anomalina aff. A. garzaensis Cushman and Slegfus------
Anomalina dorri aragonensis Nuttalle-—————w=m—esw—ee
Anomalina regina minor Smithe==--—=————=mmmmmmomomm
Asterigerina crassaformis Cushman and Siegfus--------—
cf. B. callahani Galloway and Morréy------——
corrugata Cushman and Siegfugs—-=====-—=——w—
cf. B. curtissima Cushman and Siegfus--------
microcostata Cushman and Parker—-————-——— o

Amphistegina ¢f. A.

Bulimina
Bulimina
Bulimina
Bulimina
Bulimina ¢f. B. pachecoensis Smith

I =
1
1
{
1

i

1
t
-

[}

[

[}

-

== [ )
L [}
t t
(I}

LI |

Yy

LI B}
(= I U |

) L)t

1
1
1
]
1
1
1
1
) M=oy |
1
[~ |
1

Bulimina c¢f. B. schencki Beck-
Buliminella sp.
Chilostomella sp. -
Cibicides

coalingensis Cushman and G. D. Hapna--------

1

1

1

1
=]
o
-]

]

Cibicides eponidiformis Marcin

1
1
t
[}
v
]
1
1l

Cibicides hodgei Cushman and Schenck-- -

[ B S~ I |
1
1
1
1
1
1
)
1

Cibicides
Cibicides
Cibicides

¢f. €. laimingi Nuttall

mirtinezensis Cushman and Barksdale-----—--—
cf. C. pseudowuellerstorfi Cole===—==-=--—-~—

Cibicides venezuelanus Nuttall

t
1
1
1
1
1
)

1
i
&

[ I |
)
1
1

Cibicides 8pp.——=——=———m—=—=—m
Dentalina
Dentalina spp.

spp.

cf, D. consobrina d'Orbigny--—===m————ee—aa

1
4
1
1 g
1
1 20 1
1 201 ml I

Discorbis cf. D. baintoni Mallory -—

porothia oxycona (Reuss)

Dorothia principiensis Cushman and Bermudez~~--—--——---
Epistomlna eocenica Cushman and M. A. Hanna-——---———--
Eponidas mexicanus (Cushmap)---————=——m=====w===——-——-o-

I " m |
1
1
1
(
1
1
1

1
1
t
)
t
]
1
[}
1

Epopides primus Marcipn-— -

Eponides umbonatus (Reuss)-=--- -—

Gavdryina coalingensis Cushman and Hanna-—--———————=————-- P
Globigerina ¢f. G. eocasna Gumbel-——=m-m-mmmmm——e———

Globigerina cf. 6. linaperta Finlay e

Globigerina cf. 6. primitiva (Finlay)-—=-=—=—-m=mmmn—m——— c

Globigerina spp.
Globobulimina pacifica oregonensis Cushmen,

1
1
1 O™ x|
1
i
)
1
!
1
1
1

1
i
)
1
1
[}
1
1
]

and Stewart-

Globocassidulina globosa (llantken)—

Globorotalia cf. G. aequa Cushman and Repz-==~--——----
Globorotalia aragonensis Nuttall-————=r-ms—mcm—o——ommeeeem P

¥
1
4
1
1
I =

Globorotalia planoconica Subbotina

[~ T~ -2 |
[ |
-
1
[}
1
1
L}
1

Guttulina sp.
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The fauna of sample 34 is composed largely of
Amphistegina cf. A. californica. In Pacific Coast
Tertiary sequences, this taxon is known to be con-
fined largely to the middle Eocene Ulatisian Stage
and is most common in the upper part of the
stage. Although not positively identified,
Globorotalia aragonensis may also be present.

This species also indicates an age no younger than
middle Eocene.

Shallow, warm-water conditions, perhaps at
depths less than 50 m, are suggested by the
common occurrence of 4. californica in sample
34. However, deeper and colder water conditions
are suggested by the composition of assemblages

TaBIR19.—Foraminfers in oulcrop samples dredged from the continental slope, eastern Gulf of Alaska—Continued

Species

S510~79-EG
Sample nos.

20 21 24 3« 36 37 38 39 v 43

Guroidina condoni (Cushman and Schenck)—-----~------ i
Gyroidina soldanii d'0rbigny-—====~-—mm——mmmm————
lenticulina c¢f. L. coaledens!s Detling-—--—<---—==-==
Lenticulina cE, L. Inornatus &’0Orbigny----—---——=———-

Lenticulina cf. L. limbosus hockleyensis (Cushman
and Applin) -- -

Lenticulina cf, L. pseudovortex (Cole)-—--——-mmmmee—

1

i

1

1
[ o I - |
) =
b B - - |
a1 wom

Lenticulina vlatisensds (Boyd)------- -

Lenticuling welchi (Church)=--==———smmommm oo m
Lenticuling Spp.—===~==mmm——m————— e ————————————
Loxostomunm agplinae (Plummer)-—====———=s———meomaeo——
eximia Neugeboren----—-——==————e—---
Marginulina subbullata Hanthen—----=-=cmmmmocmmne———
M. eocenica Cushman and Bermudez——

Marginulina cf. M.

Martinottjella cf.

1
]
1

1

]

1

\
\

1

1

1
L}
[}
]
1
1 2
1
1

L}
1 W} ot
t
L}
i
1
1
1
==}

1
1
|
4
1

Nodosaria deliciae Martin----=——me—-- -—
Nodousaria

cf. N. holserica Schwager~---—=--====-m=c-c—

1
1
)
1
4
1
1
i

t oW

Nodosaria latejugata Gumbel

]
ev]
‘
[}

Nodwsaria longiscata d'Orbigny----

Nodosaria
planularia cf. P.

plectofrondicularia cf. P. searsi Cushman, Stewarc,

cf. N. pyrula d'Orbigny--=-==mmammeme e
planularii marklegan: Church-—————~mmemm oo
truncana (Gumbel)~=——=mumm—mem—m—e——
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from samples 20, 21, and 41. The combined oc-
currence of a variety of arenaceous taxa, abun-
dant Lenticulina in addition to robust and heavily
costate lagenids, suggests upper slope to outer
shelf environments, perhaps as deep as from 100
t0 1,000 m. The general composition and diversity
of benthonic taxa in assemblages from samples

20, 21, and 41 suggest that water temperatures

during deposition were cool to temperate. The
common occurrence and variety of planktonic
foraminifers suggest good circulation of currents
in a relatively warm open sea.

The late Eocene assemblages from samples
S10-79-EG-24, 36, 37, 38, 39, and 43 contain taxa
that are well known in late Eocene strata of
California, Oregon, and Washington and are
characteristic of the benthic foraminiferal Nari-
zian Stage of Mallory (1959). Variations between
individual assemblages suggest stratigraphic pos-
itions ranging through the stage.

Sample 43 contains elements of two distinct as-
semblages; one that is well preserved charac-
terizes an upper part of the Narizian Stage, and

the other, not so well preserved, characterizes a’

lower part of the stage or possibly the Ulatisian
Stage. Because this material is from a single piece
of rock, the two assemblages did not result from
mixing of materials in the dredge haul. More

TasLy 20.—Coordinutes for sanples dredged from eastern Gulf
of Aluxka continental shelf

Ibepths indicato start and finish of dredge castsl]

Water
Sample No. depth (m) Ltatitude Longi tude

S10~79-EG~20 2040 58912.90° 139°03.61"
(50 58°13.25 139°02.40"
21 735 58°19 .04 " 139°28.74"
295 58°20.16" 139v27.10°'
24 1340 58°35.99' 140¢71.36"
480 58°38.33' 140°20.47"
34 2405 38°41.43" 140258. 30"
1600 58°42.53 140°56 .51
36 930 $R°44.03" 140°57,40°
320 5804611 130°55.23"
37 2870 58°45.26"' 141°)2.25°
2560 58°46.81" 141°10.24’
38 2510 58¢947.48° 141909.67"
1690 58°48.79" 141°07.61"
o 2125 58°47.48" 141°909.67"
1470 58°48.79° 141°07.61"
41 2170 58°43.37" 141°06.07"
1850 58°43.72" 141°05.89"
43 1980 58°46.87"' 141°)10.31"
1518 58°50.06" 141°06.84 ¢
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likely, an older assemblage was reworked and re-
deposited during the late Narizian.

Al]l late Eocene assemblages suggest inter-
mediate to deep-water deposition. The consistent
occurrence of relatively deep-water taxa such as
hispid uvigerinids, several species of Gyroidina,
and finely costate buliminids, together with sub-
stantial numbers and variety of lagenids, suggest
cold water at middle to upper slope depths
perhaps ranging between 500 and 1,500 m.

The assemblages of Eocene foraminifers
documented above are unique in that they are the
most diverse, well preserved, and age-diagnostic
Eocene assemblages on record from the Gulf of
Alaska. Additionally, although late Eocene
foraminifers have previously been recorded from
petroleum exploration wells and onshore outcrop
areas in the Gulf of Alaska area, early or middle
Eocene assemblages previously have been re-
corded only at depths of more than 3,000 m in the
Middleton Island No. 1 well (Rau, 1979).
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Onshore and offshoce studies, Amlia Island area, Aleutian Ridge
By Jooathan R. Childs, David W. Scholl, and Tracy Vallier

Thick sedimentary deposits overlie the base-
ment rocks of the Aleutian Ridge in the vicinity of
Amlia Island (fig. 67). These sedimentary se-
quences record the tectonic development of the
ridge during Cenozoic time and are prospects for
oil and gas resources. In order to assess the
economic potential of the sedimentary basins and
to better understand the geologic history re-
corded In the associated igneous and sedimentary
rocks, a joint offshore-onshore geologic and
geophysical investigation was carried out in the



Amlia Island area in June of 1979. The onshore | the onshore work and also provided the offshore
and coastal work was conducted by Tracy Vallier, | geophysical surveys and rock dredging. Dave
Hugh McLean, and Jim Hein, with the aid of | Scholl, Mike Marlow, Alan Cooper, Jon Childs,
guides from pearby Atka Village. The Geological | and Andy Stevenson directed the offshore investi-
Survey's research vessel Sea Sounder supported | gations.
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Reconnaissance geologic mapping of Amlia Is- | and volcaniclastic rocks, which are at least in part
land indicates that the island is an uplifted seg- | correlative with the older stratified rocks on
ment of the Aleutian Ridge consisting of upper | nearby Atka Island. These Tertiary sequences are
Eocene and lower Oligocene marine volcanic flow | structurally simple with rare normal faults and
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RIGURE 67.—Offshore geotogic sampling locations, sonobuoy reflection/refraction lines, and geophysical tracklines in Amlia
Island region. Bathymetric contours in meters.
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shallowly dipping strata. Two major rock units,
apparently of the same age, were mapped. One is
well exposed along the eastern coastline of the is-
land and consists of green and gray andesitic {low
and pyroclastic xocks. The other unit is best ex-
posed on the western part of the island and is
composed of interbedded andesites, basalts, and
shallow-water marine volcaniclastic rocks. Pillow
lavas are common in this unit, and many of the
clastic rocks were deposited in submarine chan-
nels. Low-grade metamorpbism and diagnesis
have produced the secondary minerals prehnite,
pumpellyite, albite, and smectite, as well as sev-
eral zeolites including laumontite, clinoptilite,
mordenite, stilbite, and natrolite. All of these
minerals suggest low temperature and pressure
conditions of formation.

In the vicinity of Amlia Island, the crestal area
of the Aleutian Ridge is underlain by two struec-
tural basins, Amlia and Amukta basins (fig. 67).
These basins are grabens of presumed late
Cenozoic age {Scholl and others, 1975), but little
is known about the thickness and age of their
sedimentary sections. Offshore geophysical inves-
tigations were therefore directed toward deter-
mining the thickness and structure of the deposits
filling the basins and the geometry and geophysi-
cal characteristics of the basement rocks exposed
on Amlia Island and in submarine canyons cutting
the flanks of the ridge. Offshore geological work
was principally rock dredging in areas where
seismic reflection profiles revealed outcrops of
key subsurface units (fig. 67).

An exceptionally thick ( greater that 4 km) sec-
tion of sedimentary rock also underlies Atka ba-
sin, which forms part of the Aleutian Terrace, an
immense forearc basin located midway between
the crest of the ridge and the Aleutian Trench to
the south. Geophysical data were gathered over
this basin to learn more about the internal
geometry and thickness of the sedimentary se-
guence. Dredging was carried out along the
southern flank of the ridge adjacent to Amlia Is-
land to determine the age and lithology of the
sedimentary and igneous rocks associated with
Atka basin.

The geophysical data collected include ship-
board gravity, magnetics, and sonobuoy reflec-
tion/refraction lines. In total, 40 sonobuoy sta-
tions were run, including those shown in figure 67
and five others over Umnak Plateay to the north-

east. Preliminary sonobuoy results over Amlia and
Amukta basins indicate sediment cover of at least
1 to 2 km, underlain by high-velocity ( basement?)
refractor (3.8 to 4.5 km/s). The magnetic data
suggest shallow magnetic sources; the basins are
characterized by a series of east-trending positive
anomalies (100-600 gammas), with negative gra-
dients to the north and south. This positive trend
is cut by a negative anomaly over Amlia Canyon.
Interpretation of free-air gravity anomalies over
these basins, as well as magnetic depth-to-
basement calculations and modeling is in prog-
ress.

Preliminary examination of offshore seismic re-
flection profiles indicates that the sedimentary
sequences in Amlia and Amukta basinsg are
shghtly deformed. Folds and high-angle faults are
common. Dredged rock samples (fig. 67) are typi-
cally silty and sandy diatomaceous mudstone,
which may be as old as late Miocene. Basement
rock in the basins are typically thermally altered
volcavic and volcaniclastic deposits of presumed
Paleogene age. South of Amlia Island, the slope of
the Aleutian Ridge {leading down to the Aleutian
Terrace) is underlain by Eocene through Pliocene
sandstone, siltstone, and mudstone. Evidently, the
exposed Eocene and early Oligocene beds are the
| deeper water facies of the more thermally altered
volcanic and sedimentary rocks exposed on Amlia
[sland. The Paleogene and Miocene beds exposed
on the southern insular slope of Amlia Island can
be traced downdip beneath virtually horizontal
beds of Pliocene and Quaternary age that underlie
the central floor of Atka basin. The geometry,
age, and lithology of the sedimentary sequences
associated with Atka basin suggest that the Aleu-
tian Terrace is underlain by deformed and unde-
formed sedimentary deposits shed southward
from the Aleutian Ridge during the past 40 to 50
m.y. Exceptionally large anticlinal (150 km long,
20-30 km wide) structures have formed along the
outer or southern flank of Atka basin. Although
the water depths are great (4,000 m), these
structures are intriguing petroleum prospects.
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