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—Evaluating exposures on Divider Mountain near the crest of the
Chugach Mountains in southern Alaska for the Trans-Alaska Crustal
Transect (TACT) project. TACT is a geological and geophysical
study to examine crustal features along the route of the Trans-
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Ambos, Mooney, Page, and Campbell (p. 56), and Plafker, Nokleberg,
and Lull (p. 76), report preliminary findings of this project.
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THE UNITED STATES GEOLOGICAL SURVEY IN ALASKA:
ACCOMPLISHMENTS DURING 1984

Susan Bartsch-Winkler, Editor

ABSTRACT

This circular contains short reports about
many of the geologic studies carried out in Alaska
by the U.S. Geological Survey and cooperating
agencies during 1984. The topies cover a wide
range in scientific and economic interest.

INTRODUCTION

The U.S. Geological Survey investigates
various geological aspects of the onshore and
offshore areas of Alaska. These studies range in
scope from topical investigations to statewide and
reconnaissance regional assessments and include a
variety of topics. This ecircular contains short
reports derived from some of these studies carried
out by the U.S. Geological Survey and cooperating
agencies or organizations during 1984. An author
index of included reports and a topical cross-
reference are appended at the back of the volume.
These will assist the reader in locating work by
specific authors or about a particular topic. A
complete listing of published reports about Alaska
produced in 1984 can be found in Publica-
tions of the  U.S. Geological Survey, 1984.

Single copies of this listing are distributed free by
application to the Branch of Distribution, U.S.
Geological Survey, 604 South Pickett Street,
Alexandria, VA 22034.

The reports are presented in the order of
their occurrence from north to southin each of the
six regional subdivisions of Alaska shown in figure
1. Index maps showing the individual study areas
are included near the beginning of each section.

NORTHERN ALASKA

(Figure 2 shows study areas described.)

GRAVITY LOWS MAY INDICATE
PLEISTOCENE DEPOSITS
BENEATH GLACIAL LAKE NOATAK

David F. Barnes

For nearly 20 years, gravity maps (for ex-
ample, Barnes, 1967, 1977) have shown a distinct
gravity low near the west-central Brooks Range.
The gravity feature occupies much of the physio-
graphic depression identified as the Aniuk Lowland
(Wahrhaftig, 1965), and its minimum Bouguer anom-
aly was measured along the Noatak River about
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15 km upstream (east) of its junction with the Aniuk
River. Bedrock outcrops within or near the low-
lands consist primarily of Paleozoic sedimentary
and volcanic rocks (Mayfield and Tailleur, 1978;
I. L. Tailleur, USGS, oral commun., March 8,
1985). Neither geologic nor aeromagnetic maps
(Hackett, 1980) suggest that low-density plutons,
vesicular volcanic rocks, or other bedrock features
can explain the 40-mGal gravity low. Correlations
between this and similar physiographic and gravita-
tional features in Alaska (Barnes, 1961, 1976) and
the Colorado Rockies (Behrendt and others, 1969)
suggest the cause of the gravity low to be a strue-
tural depression, in which lower portions are com-
posed of Tertiary sedimentary rocks. A similar ex-
planation was given to such a gravitational feature
at the Mission Lowland near the mouth of the
Noatak River (Barnes and Tailleur, 1970) and later
was partly supported by discovery of a small nearby
Tertiary outerop (Ellersieck and others, 1979).

Surficial geologic maps at the Aniuk anomaly
(Hamilton, 1984 a,b; Hamilton and Ashley, 1983;
Hamilton and Van Etten, 1984) reveal evidence for a
large lake dammed repeatedly by glacier ice issuing
from the DeLong Mountains during middle and late
Pleistocene time. Close correlation between the
gravity anomaly and glacial features suggests that
the entire anomaly could result from sculpture and
later sediment filling of the Aniuk Lowland by
Pleistocene processes. Figure 3 compares the geo-
graphic distribution of the existing gravity data
with a simplified version of a map by Hamilton and
Van Etten (1984) showing the lake and contempora-
neous glaciers during the Itkillik glaciation of
inferred early Wisconsin age (Hamilton and Hopkins,
1982) when2 it reached its greatest areal extent
(>4,000 km*“). The gravity contouring is interpre-
tive and locally may not justify refined modelling or
thickness calculations.

Recent surficial maps and descriptions define
the shape and history of Lake Noatak and its glacial
dams (Hamilton, 1984 a,b; Hamilton and Van Etten,
.1984). Lake and glacier outlines used in figure 3 are

modified from the published map (T. D. Hamilton,
USGS, written commun., March 7, 1985). The gla-
cier system that flowed southeastward from the
DeLong Mountains (fig. 2) dammed the lower valley
creating Lake Noatak. The size, depth,and outlet
locations of the lake varied with glacier position,
size of the glacial dam, and amount of isostatic
flexure of the basin. The primary outlet at stages
of reduced glacier size was westward along the
margin of the damming valley glacier and down the
valley of Aklamayak Creek (fig. 3); at higher stages,
the lake drained north through Howard Pass or
southward into the Hunt and Kobuk Rivers. Another
valley glacier flowed into the eastern margin of the
lake, away from the high peaks of the western
Brooks Range.

Four relations between gravity contours and
lake configuration at the Itkillik stage should be
noted: (1) A slight correlation exists between elo-
sure of the -80 mGal contour and the shape of the
lake and location of the glaciers flowing into it,
suggesting that part of this gravity low could repre-
sent low-density sediment covering the lake
bottom. Infinite-slab calculations using a sediment
density of 2.00 gm/cm3 suggest that a 10-mGal ano-
maly might represent about 350mof sediment. This
result would imply a lake bottom close to present
sea level and much buried bedrock topography. Of
course, the sediments could be less dense and the
lake bottom somewhat higher. (2) The location of
the western -90 mGal closure near the foot of the
primary damming DeLong Mountain ice lobe could
represent a deep excavation near the glacier ter-
minus. (3) The elongate SW - NE gravity low ex-
tending from the southern Hunt River outlet of the
lake to the older Howard Pass outlet could repre-
sent a former flow direction and lake bottom
channel, but the 20-mGal amplitude is very large
and would represent a channel filled by an a¢dition-
al 400 m of low-density (about 1.5 gm/em®) sedi-
ment. (4) The -120 mGal low to the east suggests
an even thicker section of sediment at the terminus
of the valley glacier that flowed into the lake's
eastern margin.

Before further discussion, it is worth sum-
marizing the total thickness of material that this 50
mGal anomaly could represent for materials of dif-
ferent density by infinite-slab approximation. If the
sediment has a density of 2.00 g/em®, typical of
most valley fill, the 50 mGal anomaly would repre-
sent a sediment théckness of about 1,900 mj if the
density is 1.4 g/em®, as determined for some of the
ice-wedge-filled Gubik Formation on the North
Slope (Woolson, 1962), the thickness could be only
900 m; if the fill were pure ice with a veneer of
sediments, the thickness could be less than 700 m.
All suppositions suggest basin depths below present
sea level. The presence of large proportions of ice
seems unlikely, unless there was rapid drainage of
the lake and ensuing sediments were deposited over
a large ice body. In such an event, normal geother-
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Contour interval is 10 mGal.

mal heat flow would have melted at least a few
hundred meters of ice since formation of the body
in early Wisconsin time.

Regardless of the type of basin fill, the esti-
mated thicknesses do not exceed reported depths of
some fiords and glacially excavated lakes (Flint,
1971; Hutchinson, 1957). Perhaps the world's deep-
est fiord, Skelton Inlet, Antarctica, has a depth of
1,933 m near the junection of a valley glacier (of
comparable width to Lake Noatak glacier) and the
floating Ross Ice Shelf (Crary, 1966). It is likely
that excavation is highly efficient at the location
where the grounded glacier thins to a floating ice
sheet (Crary, 1966). Such features are probably
rare in mountain-lake settings, but lacustrine float-
ing glacier tongues have been reported at perennial-
ly frozen lakes in the Angiussaq Mountains of north-
ern Greenland (Barnes, 1960) and in Antarctica
(Lyon, 1979).

Several factors make present—day Lake
Angiussaq and Pleistocene Lake Noatak compara-
ble. Both had large glacier dams at their deepest
margins, enabling water temperature to remain near

freezing throughout lake depth. Both had outlets in
shallower, restricted arms, where open water could
form during the Arctic summer without disturbing
the larger expanse of perennial ice cover. The
mountain setting and surface elevations of the two
lakes are comparable. Furthermore, several factors
suggest that Pleistocene air temperatures may have
been 4-6 °C cooler than present air temperatures
(Flint, 1971), making the mean annual temperature
of Pleistocene Arctic Alaska similar to that of pres-
ent-day northern Greenland.

Hamilton's surficial mapping (1984 a, b)
clearly records evidence of annual open water and
terminal moraines of grounded valley glaciers, but
the thick cover of lacustrine sediment could conceal
evidence for earlier ice conditions capable of deep
excavation. A Tertiary struetural depression or fel-
sic intrusion may still provide the most logical ex-
planation for this Noatak Valley gravity minimum.
However, the possible Pleistocene fiord-like exca-
vation and later sedimentation (perhaps with abun-
dant ice) of an ancient perennially frozen lake basin
deserves this brief documentation.
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USE OF STREAM-SEDIMENT
INSOLUBLE RESIDUES
IN GEOCHEMICAL EXPLORATION
FOR CARBONATE-HOSTED MINERAL DEPOSITS
IN THE BAIRD MOUNTAINS

Peter F. Folger, Richard J. Goldfarb,
Elizabeth A. Bailey, Richard M. O'Lesry
and Stephen J. Sutley

The purpose of this study is to determine
whether insoluble residues of stream-sediment sam-
ples can be used as an effective means of detecting
carbonate-hosted mineral deposits. Viets end others
(1983) outlined mineralized trends in southeast
Missouri using insoluble residues of drill core sam-
ples. By dissolving all the carbonate material in
weak acid, values for many elements were signifi-
cantly enhanced, showing that mineralization ex-
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Figure 4.--Schematic index map showing approxi-
mate locations of the three drainage areas within
the Baird Mountains quadrangle. Drainage area
dimensions are not to scale.

tended into rocks previously thought barren
(Erickson and others, 1978, 1979). We used a similar
leaching process with stream-sediment samples col-
lected from creeks draining the Omar copper depo-
sit, the Frost lead-zinc-barite ocecurrence, and an
unmineralized area within the Baird Mountains
quadrangle (fig. 4).

The catchment areas for these drainages are
underlain by Paleozoic limestones and dolostones,
though the lithologies at the Frost occurrence and
the unmineralized area also contain significant am-
ounts of phyllitic rocks. Mineralization at the Omar
deposit consists of chalcopyrite and bornite, lesser
tennantite-tetrahedrite, pyrite, and minor chalco-
cite. Anomalous zine, lead, and cobalt values ac-
company the copper mineralization at Omar. Min-
eralization at the Frost occurrence is less well
known, but includes sphalerite, galena, barite, and
pyrite. Secondary copper carbonates and iron ox-
ides occur at Omar, and iron oxides predominate at
the Frost occurrence.

Stream-sediment samples and heavy-mineral
concentrates were collected from the three drain-
age systems (fig. 5). Splits of the very-fine-sand

T L 67°3000"' T
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IB 384 5B
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unmineralized
area

—>= stream direction
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—— sample site
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Figure 5.-Schematic diagram of drainages and
sample sites for the three study areas shown in
figure 4.

size fraction (62.5-125 microns) of the stream-sedi-
ment samples were treated with a cold 5:1 mixture
of deionized HoO and concentrated HCl until all
visible reactions ceased. Insoluble residues and un-
treated splits were analyzed for 31 elements by
semiquantitative emission spectrography and for
As, Zn, Cd, Bi, and Sb by atomic absorption analy-
sis. The nonmagnetic fraction of the hesvy-mineral
concentrates was analyzed by emission speectro-

graphy.

Table 1.—Percent (by weight) of each stream sediment sample that was dissolved in dilute HCI

during preparation of insoluble residues

OMAR DEPOSIT

FROST OCCURRENCE _UNMINERALIZED AREA

Sample

Percent 78 92 8 77 76 7T -—

Dissolved

20 45 35 38 38|19 4

1A 2A 3A 4A 5A 6A 7Aﬂ 1B 2B 3B 4B 5B|1C 2C 3C 4C 5C 6C 7C

12 33 14 5¢ 57
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Figure 6.-~Comparison of results of analyses of very
fine sand samples that have been leached (insoluble
residue samples—solid line) with untreated samples
(dashed line) from the Omar drainage. Cu was ana-
lyzed spectrographically; As was analyzed by the
atomie absorption method.

Insoluble residues from the Omar drainage
show consistently higher values for Cu and As when
compared to untreated samples (fig. 6). Co, Fe, and
Zn are also enhanced, though less significantly, in
the leached samples. Values for all five elements
show no consistent difference between treated and
untreated samples from the unmineralized area,
suggesting that the leaching process does not
enhance background concentrations.

It is important to note that untreated samples
at Omar are anomalous in Cu and As proximal to
the source but that values become progressively in-
distinguishable from background 3-4 km down-
stream. In insoluble residues, these elements oceur
at anomalous levels as far as 5-6 km downstream
from the source. The leaching process increased
the contrast between background values for the ele-
ments and the values associated with mineralization
at Omar. We suggest that insoluble residues of car-
bonate-dominated stream sediments could help dis-
tinguish mineralization similar to that at Omar
more readily than untreated stream sediments.
Furthermore, a reconnaissance stream-sediment
survey using the residues would detect this type of
mineralization further downstream than would the
untreated stream-sediment samples.
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Figure 7.——Comparison of results of analyses of very
fine sand samples that have been leached (s»lid line)
with untreated samples (dashed line) from the Frost
drainage. Mn was analyzed spectrographically; Zn
was analyzed by the atomic absorption methad.

Microscopic examination of heavy-mineral
concentrate samples from the Omar deposit indi-
cates that chalcopyrite, bornite, pyrite, and possibly
other sulfides have moved mechanically downstream
from the source. Concentrate analyses als» show a
significant enhancement of values for Cu and As
closest to the mineralization. However, the non-
magnetic fractions of samples 4A-6A were too
small for analysis. Heavy-mineral concentr~te sam-
ples from carbonate-dominated stream s=diments
(table 1) could potentially be insufficient ir size for
analysis when heavy minerals representative of min-
eralization diminish rapidly downstream. In this
case, both untreated stream-sediment samples and
heavy-mineral concentrate samples would not be as
effective a sample medium as insoluble residues.
During preparation of insoluble residues, the dilut-
ing effects of carbonate material would be re-
moved, and the remaining minerals presevved for
analysis.

Results from samples at the Frost oc~urrence
suggest that Pb, Zn, and Cd travel both in detrital
sulfide minerals and as a water-soluble phase.
Metal values from insoluble residue samples are
lower than those from corresponding untreated sam-
ples downstream from mineralization. Microscopic
examination of heavy-mineral concentrates reveals
that while galena and sphalerite are pr2sent as
detrital minerals, Fe-oxides, and possi~ly Mn-
oxides, are present as grain coatings and might have
scavenged elements released during chemical wea-
thering (Chao and Theobald, 1976). These coatings
would be released with the carbonate material dur-
ing acid treatment, resulting in diminished values



for many metallic elements (fig. 7). Also, Viets and
others (1983) mention that very-fine grained galena
is partially soluble in dilute acid. Possibly 6-12 per-
cent of the overall Pb content from the Frost sam-
ples might have been lost during preparation of the
insoluble residues.

The presence of both primary and secondary
mineral phases, various rock types, and the combin-
ation of physical and chemical weathering in the
stream environment, complicates the use of insol-
uble residues as an exploration tool. However, in
areas underlain predominantly by carbonate rocks
and where collection of heavy-mineral concentrate
samples might not prove effective, analysis of insol-
uble residues of stream-sediment samples could be a
valuable technique for detecting mineralization.
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SELECTED ANOMALOUS
ROCK AND SEDIMENT SAMPLES FROM
CENTRAL AND NORTHWESTERN
BAIRD MOUNTAINS QUADRANGLE

Susan M. Karl, Jeanine M. Schmidt,
and Peter F. Folger

(with contributions by
Bill Thompson, Randy Baker, Inyo Ellersieck,
Richard O'Leary, Steven Sutley,
Elizabeth Bailey, and David Siers)

The Baird Mountains quadrangle l'=s been an
area of recognized mineral potential since the early
1900's (Smith, 1911; 1913). Significant base- and
precious-metal deposits (Red Dog, Aretic, and
others) occur in adjacent quadrangles in rock units
along regional strike with, or lithologie~lly similar
to, unnamed rock units in the Baird Mountains
quadrangle (Degenhart and others, 1978; Plahuta,
1978). Systematic stream-sediment and rock geo-
chemical studies are being conducted as part of the
Alaska Mineral Resource Assessment Program
(AMRAP) in the Baird Mountains quadrangle.
Known mineral occurrences are being reevaluated
on the basis of on new reconnaissance geologic
mapping, local detailed mapping, and statistical
analyses of regional geochemical data.

Presented here are 23 rock samples (table 2)
and 23 stream-sediment samples (table 3) with high
metal values collected in 1983-84. All samples are
from localities (figs.8-10) not previously reported,
except those from a tributary of Kivivik Creek in
the Kilyaktalik Peaks area (Ellersieck and others,.
1984). It is of interest that the 46 samples cluster
in the areas of figures 9 and10, and have metal val-
ues greater than twice background val'es. Back-
ground values for the rocks were determined based
on work done in a nearby quadrangle (Grybeck and
others, 1982), and on univariate statistics performed
on rock samples collected in 1983-84. Background
values for stream-sediment samples wer= determin-
ed from univariate statistics performed on stream-
sediment samples collected in the Baird Mountains
quadrangle between 1976 and 1981 (Inyc Ellersieck,
USGS, unpublished data), and on stream-sediment
samples collected in 1983-84. Values for rock and
stream-sediment samples that are greater than
twice background fall above the 95th percentile for
the elements of interest here, and are considered
anomalously high for the area.



Table 2.--Selected anomalous rock samples from the central and northwestern Baird Mountains Quadrangle. Results are of semiquantitative
emission spectrography, except for Zn and selected elements (marked by asterisk), which were analyzed by atomic absorbtion. All
elements reported in parts per million. G, Greater than the value shown; L, Detected, but below the level of determination;
N, Not detected at limit of detection (limits given in parentheses at column heading)

Loca- Sample Latitude Longitude Rock Type Ag Ba Cr Cu Mo Ni Pb Zn Other
tion (0.5) (1) o) (5 (5 (5) (10) (200)

R1 83JS103B 67°43'50" 160°01'32" Fe-oxide stained marble 0.5 1,000 200 7 20 3,000 30 650 1,000 As, 7 Be, G1,000 Zr
R2 83SK312A 67°38'30" 160°14'30"  Siliceous slate w/pyrite 0.5 1,500 100 20 5 70 20 300 2,000 V, «
R3  84JS031D 67°37'44" 160°18'40"  Blk phyllite w/ Fe-oxides L 500 50 300 10 700 20 5,000 230 As ', 150 Co,20 Sb
R4 83JS093A 67933'50" 160°25'25"  Feldspathic qtz-chlorite schist L N 200 500 N 150 L 15 10% Ee, 700V, 2,000 Mn
R5 84SK107A 67°33'40" 160°15'40" Black siliceous slate/quartzite 0.7 100 70 30 70 50 15 85 30 As_, 4 Sb_ "
R5 84SK107B 67933'40" 160°15'40" Brecciated black siliceous slate 0.5 1,000 50 50 70 200 20 750 40 As",6Sb", 3.4 Cd
R6 83SK273C 67931'50" 160°25'30"  Chloritic layer in phyllite 1 G5,000 150 70 N 100 70 200 2,000 Mn, 100 Nb, 5,000 Sr
R7 84EK063 67°42'54" 161°41'03"  Vein quartz in phyllite 0.7 20 N 1,500 N N N 75
R8 84EK053 67953'08" 161°41'25"  Serpentinite N N 1,500 5 N 2,000 N 130 G10% Mg, 1,000 Mn
R9 84SK055B 67°54'28" 161935'45"  Serpentinite N N 3,000 20 N 2,000 N 15 7% Fe, G10% Mg, 700 Mn
R10 84SKO057A 67°54'12" 161°36'10" Serpentinite N N 3,000 7 N 1,500 N 10 10% Mg, 300 Mn
R11 84SK059A 67953'50" 161936'35" Limonitic cherty limestone 1.5 L 20 100 100 300 L 1,000 20% Fe, 360 As*, 3.9 Ca*
R12 84PFO70R 67°53'16" 161°45'36" Basalt w/pyrite and chalcopyrite 2 100 10 500 N 20 20 65 20% Fe, 1,000 Mn
R13 84SKO033A 67°48'45" 161°40'45" Black shale 5 700 300 70 30 70 N 170 60 As*, 1.5 Be
R14 84JS5006  67°48'20" 161°37'00" Black shale 3 700 300 50 L 70 30 N 1.5 Be, 200 V
R15 84JS014B 67°47'20" 161°17'30" Carbonaceous shale w/ Fe-oxides 3 500 200 50 10 30 10 N 10 B, 1.5 Be
R16 84JS030B 67043'50" 161°44'00"  Silica-pyrite alteration 5 700 20 200 30 50 50 100 20% Fe, 200 As
R16 84RB103B 67°43'50" 161°44'00" Massive pyrite in shale 2 300 50 100 N 100 50 10 G20% Fe
R17 84SK089A 67°41'40" 161°45'00" Black phyllite with ironstone L 300 50 50 N 70 200 180 50 As*, 10% Fe, 1,500 Mn
R18 84EKO055 67°38'38" 161925'20" Vein quartz with pyrite 3 100 20 3,000 N 300 30 20 100 As*
R19 84JS028E 67°38'00" 161°24'45"  Quartz vein in limestone 3 30 10 50 N 15 500 46,000 420 Cd*
R20 84RB308 67°36'17" 161930'14" Copper-stained carbonate 0.5 30 N 20,000 N 20 10 25 2 Be, 500 Mn
R21 84SK092B 67°35'58" 161°43'00" Quartz-pyrite veins in phyllite 3 L N 100 N 70 150 5 190 As*, 30 Sb*




Table 3.--Selected anomalous stream sediment samples from the central and northwestern Baird
Mountains quadrangle. Results are of semiquantitative emission spectrography. All elements reported
in parts per million, except as noted. G, greater than the value shown; L, detected, but below the level
of determination; N, not detected at limit of detection (limits given in parentheses at column heading)

Loc- Sample Latitude Longitude Ag Ba Cr Cu Mo Ni Pb Zn Other
ation (.5) (10) (10) (5) (5) (5) (10) (200)
S1 83EK093 67°42'40"  160°07'45" 0.5 1,000 100 70 10 100 30 500 5% Fe.
S2 83EK089 67°40'40" 160°07'55" N 1,000 70 30 15 150 15 300 5% Fe, 2,000 Mn.
S3 83EKO086 67°39'03"  160°13'10" N 700 70 70 10 70 20 200 3% Fe, 300 B.
S4 83EK058 67°33'35" 160°21'45" 0.5 1,000 70 50 15 70 15 200 3% Fe, 150 Y.
S5 83EK060 67°33'25" 160°022'50" 3 1,000 70 50 10 70 15 L 3% Fe.
S6 83PF105 67932'20" 160°24'26" 5 1,000 70 50 15 70 500 N 5% Fe.
S7 83EKO055 67°31'50"  160°24'30" 12,000 70 70 20 100 30 500 5% Fe.
S8 83PF108 67°31'20" 160°22'20" L 500 200 50 N 100 200 300 7% Fe.
S9 84PF161 67°30'32"  161°29'24" L 2,000 100 70 15 70 30 L 3% Fe, 70 Y.
S10 84PF061 67057'26"  161°43'18" 2 1,000 700 20 N 70 20 N 100 B.
S11 84PF063 67054'45"  161°26'40" 2 700 200 50 N 100 10 300
S12 84PF070 67°53'16" 161°45'36" 1 300 150 700 L L 20 N 15% Fe.
S13 84BT028 67°53'46"  161°46'34" N 300 G,5000 30 N 200 10 N 30 Co, 3% Fe, 700 Mn.
S14 84PF001  67048'34" 161°38'54" 1 2,000 150 50 15 70 70 300 1,500 Mn.
S15 84RB003 67°49'13" 161034144 1 1,500 150 50 10 70 70 500 1,500 Mn.
S16 84PF002 67°50'06" 161°38'40" 1.5 700 150 20 7 50 50 N 1.5 Be.
S17 84RB002 67°48'12"  161°39'36" 3 700 200 30 10 70 50 N 100 Nb.
S18 84PF082  67°48'00" 161°4248" 1 500 200 50 10 150 30 500 1,500 Mn, 10C Nb,
S19 84PF076 67°48'39"  161°058'54" N 300 700 200 N 50 20 500 1,500 Mn.
S20 B84EK024 67945'36" 161°2236" 0.5 700 100 70 N 300 20 1,000 2 Be, 70 Co, 1,500 Mn.
S21 84RB103 67°43'56"  161°44'05" L 2,000 100 50 10 50 30 200 3% Fe, 500 Mn.
S22 84RB036 67°36'39" 161°23'36" N 70 70 200 N 30 100 N G10% Mg.
S23 84PF017 67°44'12"  161°34'44" N 300 150 20 N 50 200 N 3% Fe, 300 Mn.

Table 2 is a list of rock grab samples collected
as representative of dominant lithologies at a
sample site or because of visible sulfides, oxidation,
or alteration (as noted). Table 3 is a list of stream-
sediment samples that are composites of 3-4 kg of
-80 mesh material collected from sites along a 10-
m-streteh of stream. Sediment samples represent
small drainage basins only a few square km in
area. All rock and stream-sediment samples were
analyzed by 31-element-semiquantitative-emission
spectrography, and atomic-absorption speetroscopy
for As, Zn, Cd Bi, and Sb. Table 4 lists previously
reported geochemical anomalies.

The geology consists of sequences of Paleozo-
ic marine carbonate and pelitic rocks, and marine
and nonmarine clastie rocks variably metamorphos-
ed to marble, phyllite and schist (Brosgé and others,
1967; Mayfield and others, 1983), and juxtaposed by
thrust faulting. Mafic and felsic voleanic and vol-

caniclastic rocks are locally intercalated in parts of
some Paleozoie rock sequences (Tailleur and others,
1977). Intermediate igneous rocks of Precambrian
age (Mayfield and others, 1980) underlie the
Paleozoic sedimentary rocks at Hub Mountain.
Mesozoic marine sedimentary rocks and mafie vol-
canic rocks have been tectonically emplazed above
the Paleozoic rocks (Tailleur and others, 1967;
Mayfield and others, 1983).

In the central part of the quadrangle (fig. 9),
Paleozoic rocks consist of interlayered g-ay, black,
and silvery-green phyllites, siliceous gray to black
phyllite and slate, quartzose sandstone, feldspathic
quartz-chlorite semischist, marble, and dolostone.
No rock units have been formally named in this
area, but many of the sandstones and phyllites are
lithologically similar to components of the Endicott
Group (Tailleur and others, 1967). Rock samples
from loeations R2, R3, and R5 (fig. 9) ere from a

Table 4.--Previously reported geochemical anomalies

Location Sample Element Reference
type
1 Stream-sediment Cu Degenhart and others, 1978.
2  Stream-sediment Ag,Zn Ellersieck and others, 1984.
3 Stream-sediment Ag,Cu, Ellersieck and others, 1984.
Pb,Zn
4 Stream-sediment Ag,Zn Ellersieck and others, 1984.
9 Stream-sediment Ag,Cu Ellersieck and others, 1984.
6 Stream-sediment Cu Ellersieck and others, 1984.
7 Rock Cu Degenhart and others, 1978.
8 Rock Cu Brosgé and others, 1967.
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Pigure 9.—-Location of anomalous rock and stream
sediment samples in the central Baird Mountains
" quadrangle. Shaded areas are basins drained by
each sampled stream. Rock sample locations shown
by solid eircles; stream sediment sample locations
shown by solid triangles.

distinctive black siliceous slate or siliceous phyllite
and contain anomalous values of Zn, Mo, As, Sb, Ag,
V, and Ba. Many contain high values of Cu, Ni, Cd,
and Co. Also in this trend, gray marble intercalated
with gray quartz-mica schist, and two varieties of
chloritic feldspathic and calcareous semischist
yielded anomalous values for some elements. Nine
stream-sediment samples in this area contained high
. values of Ag, Ba, Cu, Mo, Mn, Pb, and Zn. The only
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Figure 10.--Location of anomalous rock ard stream
sediment samples in the northwestern Bai~d Moun-
tains quadrangle. Rock and stream-sediment sam-
ples and drainage basins shown as indicated in fig-
ure 9. Previously reported rock anomalies shown by
open circles; previously reported stream sediment
samples shown by open triangles.

previously reported mineral occurrence from this
area was a quartz-chalcopyrite vein in g-eenstone
(Brosgé and others, 1967; Cobb, 1972), which could
not be relocated in 1984.

In the northwestern part of the quadrangle
(fig. 10), the rocks consist of structurally juxtaposed
sequences of Paleozoic silvery-green pelitic and
gray quartzose marine and nonmarine clastie rocks,
black carbonaceous and siliceous shales, green tuff-



aceous rocks, gray, bedded, fossiliferous, and (or)
cherty limestones and dolostones, and Mesozoic ma-
fic volcanic rocks. Sixteen rock samples and 13
stream-sediment samples from this area contained
anomalously high values in various elements. Six
rock samples are black carbonaceous shale or
phyllite with high Ag, As, Ba, Be, and Fe values, and
moderate Pb and Zn values. Samples from localities
R13, R14, and R15, and stream-sediment samples
from localities S14-S18 are from the Kilyaktalik
Peaks area south of Kivivik Creek, where high geo-
chemical values for stream-sediment samples were
reported by Ellersieck and others (1984). Black
phyllite with ironstone nodules (locality R17) from
the Eli River area contains high Pb, Fe, Mn, and As
values.

Pyritic massive sulfide was found at locality
R16, informally named the Ahua occurrence. This
occurrence consists of a few small exposures of
very-fine grained to botryoidal massive pyrite and
silica-pyrite alteration in an area up to several hun-
dred meters in width containing Fe-oxide stained,
bleached, or carbonaceous shale. A sample of mas-
sive pyrite (84RB103B) contains anomalous Ag val-
ues with moderate Cu and Pb values. Another sam-
ple, consisting of gray silica-pyrite-altered rock
(84JS30B), contains higher Ag, As, Ba, and Zn values
with similar amounts of other metals as those in
sample 84RB103B. Downstream from this occur-
rence, sample S21 contains high Ba, and moderate
Zn and Fe values, but little other indication of min-
eralization. Stream-sediment samples from locali-
ties S11 and S20 contain anomalous values of Ag,
Ni, and Zn, and drain similar carbonaceous black
shales. These black shales are unnamed and of un-
known age in the Baird Mountains quadrangle but
are lithologically similar to the Kuna Formation of
Carboniferous age, which hosts massive Zn-Pb-Ag
mineralization in the Noatak district, approximately
80-100 km to the northwest.

Samples from the Kivivik Creek area (locality
R12; fig. 10) include mafic voleanic rocks with high
values of Cu, Fe, and Ag, marked by a prominent
orange- and red-stained zone (approximately 50 m X
100 m) containing clay, Fe-oxide, and epidote alter-
ation of basalt, as well as disseminated pyrite and
chalcopyrite. A stream-sediment sample (S12) from
the creek draining the occurrence has anomalous
Ag, Cu, and Fe values. Nearby stream-sediment
samples (S13 and S19) are also from drainages
underlain by basalt, and have high Co, Cr, Cu, Mn,
and Zn values.

Some carbonate rocks from this area (fig. 10)
also yielded high metal values. One sample of
limonitic limestone with chert nodules and erinoid
and coral fragments (locality R11), lithologically
similar to the Mississippian Kogruk Formation, con-
tains high Ag, As, Cd, and Mo values, as well as 0.1
percent Zn. Malachite- and azurite-stained lime-
stone (locality R20) contains 2 percent Cu. One
stream-sediment sample (locality $22) with high Cu
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and Pb values drains an area of carbonate rocks.

Serpentinites occurring along faults yielded
high Cr, Ni, and Mn values. At locality R8, they
occur in a zone of gray limestone, and at localities
R9 and R10, they occur between mafie greenstones
and calecareous crinoid-bearing sandstone.

Rock samples from localities R7, R18, R19,
and R21 are from quartz lenses and veins in gray
and green phyllite probably correlative with the
Devonian Hunt Fork Shale. The phyllites eontain up
to 10 percent quartz in lenses and discontinuous
veins, which may be sulfide-bearing (dominantly py-
rite). The samples have high Ag, As, Cd, Mn, Pb,
and Zn values; galena and sphalerite were identified
in the sample from locality R19, which contained
4.6 percent Zn, 420 ppm Cd, and 500 ppm Pb.

Sediment samples S10 and S23 are from
streams draining mixed marine clastic and carbon-
ate rocks; the source of anomalous metal values has
not been identified.

Localities listed in this report are interesting
because they are clustered and because of litholo-
gie affinities with rocks from known mineral depo-
sits and oceurrences nearby in the Noatak distriet.
Detailed mapping and sampling are planned for
1985.
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OPHIOLITIC ULTRAMAFIC ROCKS OF THE
JADE MOUNTAINS-COSMOS HILLS AREA,
SOUTHWESTERN BROOKS RANGE

Robert A. Loney and Glen R. Himmelberg

The scattered outerops of ultramafic rocks in
the Jade Mountains-Cosmos Hills area are the only
exposures of the ultramafic part of the Yukon-
Koyukuk ophiolite on the northern flank of the
Yukon-Koyukuk Basin (fig. 11; Patton and others,
1977). The ophiolite, as defined by Patton and
others (1977) and well exposed in the Kanuti River
region on the southeast flank of the basin, typically
consists of a mafic-ultramafic unit thrust over a
pillow basalt-chert unit containing fossils of
Mississippian to Triassic age. The thrust contaect
dips generally inward toward the center of the
Yukon-Koyukuk Basin (that is, southward on the
north flank and northwestward on the southeast
flank) (Patton and Miller, 1970; Loney and
Himmelberg, 1985). Although the pillow basalt-
chert unit crops out widely on the north flank of the
basin, the structurally higher mafie-ultramafic unit
is exposed only in a few scattered outerops near the
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west end, in the Jade Mountains-Cosmos Hills area
(fig. 11). A prominent, linear, gravity high, located
along the northern edge of the Yukon-Koyukuk
Basin east of the Cosmos Hills, suggests that the
mafic-ultramafic unit may be buried bencath the
Cretaceous sedimentary rocks (Barnes, 1970; W. W,
Patton, Jr., USGS, written commun., 1985).

The ultramafic rocks of the Jade Mountains
are in contact on the north with metamorphosed
pillow basalt along a south-dipping thrust fault, and
in contact on the south with surficial deposits and
Cretaceous sedimentary rocks (fig. 11). This rela-
tionship is typical of the Yukon-Koyukuk ophiolite,
except for the absence of the cumulus gabbro-ultra-
mafie unit (the upper part of the mafic-ultramafic
unit) that may be buried beneath the Cretaceous
sedimentary rocks and surficial deposits to the
south. Although the ultramafie rocks are extensive-
ly serpentinized, especially along the fault zones,
enough of the primary mineral assemblages and
fabrie survive to identify the dominant rock type as
harzburgite tectonite. The ultramafic rocks, there-
fore, represent the lower part and mantle suite of
the mafic-ultramafic unit of the ophiolite (Loney
and Himmelberg, 1984, 1985).

In contrast to the Jade Mountains, the occur-
rence of the ultramafic rocks in the Cosmos Hills
area is not typical of the Yukon-Koyuku' ophio-
lite. Here, the mafic-ultramafic unit is represented
by tabular bodies of serpentinite as much as 130 m
thick and 8 km long, distributed around the meta-
morphic core of the Cosmos Hills snticline.
Asbestos Mountain, a tabular body of serpentinite
resting on the schist along the axis of the Cosmos
Hills anticline, is interpreted as a klippe or remnant
of a thrust sheet of ultramafic rocks that once cov-
ered the core of the anticline (Patton and others,
1968; Hitzman and others, 1982). No primary min-
erals have been found, except fine, scattered grains
of chromite, which suggests the original rocks were
either dunite or harzburgite, or both. A likel:” source
for these rocks would be the ophiolite. In addition
to serpentinization, the ultramafic rocks of the
Cosmos Hills have undergone considerable ceforma-
tion and recrystallization. Thin bodies of sheared
serpentinite included in the limbs of folds ard thrust
planes indicate much plastiec movement of the origi-
nal rocks, making it difficult to interpret th~ir pres-
ent setting. The serpentinite body at Asbestos
Mountain is a hard, massive, antigorite rock that
apparently recrystallized from sheared serpentinite.

The occurrence of nephrite jade in th= Kobuk
River area was reported as early as 1884 (Cantwell,
1884). This area is one of three sources for nephrite
jade in the United States; the other occurrences are
in California and Wyoming. Most of the nephrite at
Kobuk River occurs as pebbles, cobbles, and boul-
ders in the tributaries to the north, such as Jade
Creek, Shungnak River, and Dahl Creek (Anderson,
1944). Howev-.r, lode deposits of nephrite jede have
been found only at Jade Mountain.
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The lode nephrite jade deposits at Jade Moun-
tain occur in "rodingite" reaction zones in and
around tectonic inclusions of country rock in shear-
ed serpentinite. The deposits closely resemble the
California nephrite jade deposits that occur as one
of the products of low-temperature metasomatie
reaction between serpentinite and more silicic rock
during serpentinization (Chesterman, 1951; Crippen,
1951; Coleman, 1967). According to Coleman
(1967), the metasomatic alteration involves loss of
silica in serpentinite and accompanying enrichment
of calecium and magnesium in the reaction zone.
Preliminary work indicates that Jade Mountain
nephrite was probably derived from alteration of
tectonic inclusions of pelitic schist or similar meta-
sedimentary rock. This is in agreement with
Coleman (1967) that tremolite-actinolite (nephrite)
is a product of metasomatism of sedimentary and
igneous rocks more silicic than the mafic igneous
rocks that are the protoliths of classic rodingites.
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SEDIMENTOLOGY OF
MEANDERING-STREAM CYCLES.
UPPER PART OF THE EAR PEAK MEMBER
OF THE KANAYUT CONGLOMERATE,
CENTRAL BROOKS RANGE

Thomas E. Moore and Tor H. Nilsen

The Upper Devonian and Lower Mississip-
pian(?) Kanayut Conglomerate, one of the most ex-
tensive fluvial units in North America, crops out
along the crest of the Brooks Range over an east-
west distance of 950 km and a north-south distance
of 65 km. In the central Brooks Range, the Kanayut
Conglomerate is as thick as 2,624 m and is divided
into three members (Nilsen and Moore, 1984).
These are, in ascending order, the Ear Peal- Member
(meandering-stream deposits), Shainin Lake Member
(braided-stream deposits), and Stuver Member
(meandering-stream deposits). A coars>-grained
delta, of which the Kanayut Conglomrerate is
interpreted to be the middle nonmarine part, pro-
graded southwestward during the Late Devonian and
subsequently retreated during Late Devcnian and
Early Mississippian time (Nilsen, 1981).

The distribution, depositional facies, tectonie
significance, and regional sedimentologic variations
within the Kanayut Conglomerate have been report-
ed in Nilsen (1981), Nilsen and Moore (1982), and
Moore and Nilsen (1984). The purpose of this report
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Table 5.--Summary of sedimentologic characteristics of channelized lower parts of eight thinning- and fining-upward
cycles in measured sections. NM, Not measured; NP, Not present; N, number of measurements;m, mean value;
A , standard deviation; ¥, except cycles 2-8 in section E

CUMULATIVE
CRITERIA SECTION PALEOCURRENT
A B C D E VALUES m; A
CYCLE 8
Thickness NP 3.00 m NP NP NP
Maximum clast size NP 6 cm NP NP NP
Basal strata eroded into: NP shale NP NP NP
Thickest bed NP 2.00 m NP NP NP
Paleocurrent M and A NP 138%; 1 NP NP NP NM
CYCLE 7
Thickness NP 7.90 m 5.30 m 1.10 m NP
Maximum clast size NP 4 cm 1cm 0.03 cm NP
Basal strata eroded into: NP shale shale shale NP
Thickest bed NP 3.00 m 1.50 m 0.70 m NP
Paleocurrent M and A NP 1219; 2 15893  176%1 NP 149°+29°; 6
CYCLE 6
Thickness NP 5.10 m 9.82 m 5.90 m 9.55 m
Maximum clast size NP 4 ecm 4 cm 8 cm 4.5 em
Basal strata eroded into: NP shale shale shale shale
Thickest bed NP 3.10 m 1.80 m 1.20 m 2.60 m
Paleocurrent i and A NP NM 176% 1 15892  184%;1 169°1+38°; 4
CYCLE 5
Thickness 2.40 m 4.90 m 4,15 m 3.40 m NP
Maximum clast size 4 cm 6 cm 2.5 cm 2 cm NP
Basal strata eroded into: shale shale shale sandst NP
Thickest bed 1.60 m 3.00 m 0.90 m 1.00 m NP
Paleocurrent M and A 111%1 173% 1 140%; 3 NM NP 141°16€9; 5
CYCLE 4
Thickness 8.55 m 6.30 m 4.70 m 7.00 m 4,30 m
Maximum clast size 7em 4.5 cm 4cem 2.5 em 6 cm
Basal strata eroded into: shale shale shale shale shale
Thickest bed 1.45 m 2.00 m 0.90 m 3.10 m 1.20 m
Paleocurrent M and A 182°; 2 97% 1 128°% 2  168%;2 173% 2 155°431%; 9
CYCLE 3
Thickness 12.45 m 14.15 m 18.60 m  10.43 17.00 m
Maximum clast size 4 cm 3 em 3 em 6 cm 7 em
Basal strata eroded into: shale shale shale shale shale
Thickest bed 6.20 m 4,70 m 2.20 m 3.90 m 1.90 m
Paleocurrent m and A 181%;1 183%; 4 165% 1  146%4 21292 174%+379; 12
CYCLE 2
Thickness 10.60 m 11.20 m 18.17 m 6.35m 7.55 m
Maximum clast size 5cm 5 em 3 em 3 em 5 cm
Basal strata eroded into: conglom.  shale shale shale shale
Thickest bed 2.00 m 3.00 m 2.70 m 1.40 m 1.70 m
Paleocurrent M and A 189%; 6 210%; 5 204% 5  130%1 26693 207°143°; 20
CYCLE 1
Thickness 6.80 m 10.45 m 9.95 m 7.55 m NM
Maximum clast size 4.5 cm 3 cem 4 cm 3.5 ¢cm NM
Basal strata eroded into: shale shale shale shale NM
Thickest bed 4,79 m 5.50 m 1.50 m 3.20 m NM
Paleocurrent M and A NM NM NM 170%2 NM 170°18; 2
CUMULATIVE VALUES; CYCLES 1-8*
Thickness 93.70 m 101.50 m 106.41 m 91.F" m 98.28 m
Conglomerate + sandst: shale 0.84 1.74 1.51 0.84 r74
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Figure 12.--Measured sections in the upper part of the Ear Peak Member of the Kanayut Conglomerate and index

map (inset) west of the Itkillik River, Chandler Lake A-1 quadrangle.

Geology modified from Brosgé and others (1979).



goy] 5
Figure 13.-Aerial view looking west of
measured sections A, B, C, D, and E west of the
Itkillik River. Abbreviations: Dkep, Ear Peak
Member, Kanayut Conglomerate; Dksl, Shainin
Lake Member, Kanayut Conglomerate.

is to examine lateral changes in individual thinning-
and fining-upward cycles of the Kanayut
Conglomerate in an area where individual cyecles
can be traced laterally. Detailed sedimentologic
variations are described herein from a thin
stratigraphic interval of the upper part of the Ear
Peak Member in a small area west of the Oolah
Valley (Itkillik River) in the central Brooks Range,
where the Ear Peak Member is about 1000 m thick
(fig. 12, inset). Nilsen and others (1982) reported
preliminary results of a similar study in this area
but were able to measure only two sections because
of inclement weather.

Five short sections (A through E) were mea-
sured during June 1984 on separate, south-trending
spur ridges along a west-trending ridge in the
Chandler Lake A-1 quadrangle (figs. 12, 13). The
Ear Peak Member here strikes east-west and dips
about 50° southward; the sections extend for a
strike distance of 4.5 km. All sections were
measured upward to the base of the Shainin Lake
Member. Section E is displaced from section D by a
small south-trending fault with approximately 40 m
of left-lateral displacement.

Measured sections of the upper part of the Ear
Peak Member can be divided into thinning- and
fining-upward cycles characteristic of deposits of
meandering streams. Bases of the cycles are

channelized, and the lowest deposits consist of
massive, imbricated, or trough-cross-stratified
conglomerate and pebbly sandstone. In the
overlying trough-cross-stratified sandstone, the
grain sizes fine upward and the amplitudes of cross
strata thin upward. The cross-stratified sandstone
is typically overlain by current-rippled and
laminated very fine grained sandstone and
siltstone. These coarser grained lower parts of the
cycles are interpreted to be the deposits of point
bars on meander loops. Epsilon cross-stratification,
representing paleo-point bar surfaces, is visible in
several of the cyeles.

Shale-rich deposits overlie the conglomerate
and sandstone and form the upper part of each
cycle. These deposits consists mainly of plant-
fossil-bearing brown, black, and maroon siltstone
and shale that are interpreted to have been deposi-
ted on levees and floodplains between stream chan-
nels. Local coarsening-upward beds of siltstone and
fine-grained sandstone, commonly capped by paleo-
sols, may represent levee-top deposits; ungraded
massive or cross-stratified sandstone beds are also
locally intercalated with the shale and probably rep-
resel;t crevasse-splay deposits (Nilsen and Moore,
1982).

Eight thinning- and fining-upward cycles (1-8,
fig. 12), can be reliably correlated by tracing both
the basal contact of the Shainin Lake Member and
several laterally continuous and prominent cycles
within the measured interval. The lower four cycles
can be traced for the 4.5-km-length of the study
area, although cycle 2 has cut downward into the
coarse-grained, channelized part of underlying cycle
1 in section A. Cycles 5 and 6 are present in sec-
tions B, C, and D but pinch out in sections E and A,
respectively. Cycle 7 is present in sections B, C,
and Dj it thins and fines eastward. Cycle 8 is re-
cognized only in section B and is less than 2.6 km in
lateral extent.

Table 5 summarizes sedimentologic data from
the point-bar deposits of the eight cycles. The
point-bar-cycle thickness data indicate that the cy-
cles are generally thinner in the upper part of the
measured interval and lenticular in shape, although
cyeles 3, 4, and 6 appear to pinch and swell lateral-
ly. Because the thickness of point-bar sequences
generally indicates paleostream depth, cyele thick-
ness data indicate that although Ear Peak meander-
ing streams were as deep as 18.6 m, they were more
commonly less than 10 m deep.

Maximum eclast sizes in the eight ecycles ap-
parently vary nonsystematically along the outerop
length and are unrelated to either the thickness of
the cyele or bedding (table 5). Except for eycle 2 in
section A and 5 in section D, each eycle is cut into
the flood-plain deposits of the underlving cycle, in-
dicating that the point-bar deposits are bounded
above and below by floodplain shale.

Paleocurrent data indicate that sediment
transport was mostly toward the south but appears
to change systematically upward in the measured
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sections from southwest to southeast, as shown
most clearly in section A (fig. 12). This vertical
change is also shown by the paleocurrent summaries
(table 5), in which the average paleocurrent direc-
tions are more southerly in cyeles 1-3 and more
southeasterly in cyecles 4-8. Thicker cycles, gen-
erally more laterally continuous, have more south-
westerly flow directions; the thinner cyeles, gen-
erally less laterally continuous, have more south-
easterly flow directions. However, the paleocurrent
directions do not appear to vary systematically with
maximum clast size or lateral position within a
single cycle,

Because the Kanayut Conglomerate has an
east-west strike in the study area, our stratigraphic
cross-section is generally perpendicular to the
southward direction of stream flow (fig. 12).
Nevertheless, some cycles are laterally persistent
for the total 4.5-km-strike length exposed in the
study area. The less laterally continuous cyeles
may represent smaller tributary streams, whereas
the continuous cycles may represent larger trunk
streams.

On the basis of regional facies, paleocurrent,
and clast-size data, Moore and Nilsen (1984, fig. 12)
concluded that sediment was shed southwestward
into the depositional basin of the Kanayut Conglo-
merate from prineipal points of distribution located
35 km east of the study area and north of Anaktu-
vuk Pass in the central Brooks Range and 400 km
east of the study area and northeast of Arectic
Village in the eastern Brooks Range. The measured
sections presented herein, after palinspastic recon-
struction, are located southeast of the Anaktuvuk
Pass distribution point. We suggest that the upward
change in sediment transport direction in the upper-
most part of the Ear Peak Member in this area,
from southwest-flowing trunk streams to southeast-
flowing tributary streams, may reflect the south-
westward advance into the basin of the Anaktuvuk
Pass depocenter. The depocenter may have formed
a topographically elevated region with radial drain-
age on the larger Kanayut delta, thus causing re-
orientation of stream flow patterns around its
margins.
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WEST-CENTRAL ALASKA

Figure 14.--Map showing areas in west-central
Alaska discussed in this circular.

GREENSCHIST FACIES METAMORPHIC F)CKS
OF NORTH-CENTRAL IDITAROD QUADRANGLE

Linda M. Angeloni and Marti L. Mille*
Greenschist-facies metamorphie rocks were

‘mapped in the north-central part of the Iditarod
quadrangle in 1984. They are best exposed on the.
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ridge that extends from VABM Ideal to VABM Lone-
some, along a northeast-striking structural trend
(fig. 15). Outcrops consist of weakly to strongly
foliated mafie schist and subordinate, well-foliated
pelitic schist. These rocks appear correlative with
Precambrian and Paleozoic greenschist facies roeks
in the Ophir quadrangle reported by Chapman and
others (1985). However, they differ from other pro-
bable Precambrian and Paleozoic metamorphie
rocks found to the southwest near VABM Idono.

Petrographic study of eleven samples indi-
cates a range in metamorphic grade from lower
greenschist- to upper greenschist-facies. The upper
greenschist-facies rocks are characterized by the
assemblage of actinolitic hornblende (50%) + quartz
(30%) + epidote (15%) + chlorite (2%) + sphene (2%)
+ hematite (<1%). Middle greenschist-facies rocks
are represented by a suite of assemblages:

actinolite(45%)+epidote(35%)+quartz(109%)+
chlorite(5%)+sphene(3%)+hematite(<1%);

quartz(50%)+epidote(20%)+actinolite(20%)+
biotite(9%)+chlorite(1%)+hematite(<1%);and

actinolite(30%)+plagioclase(25%)+epidote(20%)+
sphene(20%)+chlorite(4%)+muscovite(1%).

Lower greenschist facies rocks have an assemblage
of:

quartz(90%)+carbonaceous material(5%)+
muscovite(2.5%)+chlorite(2.5%).

Textures of these eleven samples are strongly
related to their respective metamorphic grade.
Highest grade rocks are completely recrystallized
to a schistose fabric and are considered to be meta-
basite. Middle greenschist-facies rocks have relict
porphyritic and granoblastie textures,which repre-
sent metabasalt and possibly metatuff. Lowest
grade rocks are pelitic sediments with crenulated
and foliated textures.

In the adjacent Ophir quadrangle, Chapman
and others (1985) mapped a unit containing largely
Precambrian and Paleozoic  greenschist-facies
metamorphic rocks composed in part of mafic schist
and quartz-mica schist. They occur in the southeast
quadrant of the Ophir quadrangle near VABM Dish
and VABM Esperanto following a northeasterly re-
gional trend. These rocks are in contact with a unit
of chert, argillite, and voleaniclastic rocks from
which Mississippian and Triassic Radiolaria have
been recovered. The chert is characterized by per-
vasive fractures, shears, and recrystallized Radio-
laria (Chapman and others, 1985). Similar (but
undated) chert is found in the Iditarod quadrangle
where it is spatially associated with the mafic and
pelitic schist of the Ideal-Lonesome trend. This
association suggests that the units reported in the
southeast Ophir quadrangle extend into the Iditarod
quadrangle.
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Figure 15.--Schematic geologic map of the
central Ophir and Iditarod quadrangles.

Occurring along the same structural trend,
metamorphic rocks that crop out to th= southwest
near VABM Idono differ markedly in composition,
grade, and texture to those at VABM Ideal and
VABM Lonesome. The Idono sequence consists of
amphibolite-grade augen gneiss, amphibolite, and
pelitic schist (Miller and Bundtzen, 1985). In addi-
tion, foliated granodiorite crops out in proximity to
the Idono sequence. Higher metamorphic grade,
presence of foliated igneous rocks, and absence of
greenschist-facies metamafic rocks in the Idono se-
quence distinguish these rocks from those of the
Ideal-Lonesome trend.
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ages from metamorphic rocks.

The greenschist-facies rocks of the Ideal-
Lonesome trend appear to belong to the Ruby ter-
rane (Jones and others, 1984), a widespread, struc-
turally complex assemblage of metasedimentary and
metamorphic rocks that extends northeastward
across central Alaska and comprises the core of the
Ruby geanticline. Higher grade rocks of the Idono
sequence may represent a local variant within the
Ruby terrane, but present field and petrographic
data suggest that these rocks are distinet. At this
time, the possibility that the Idono sequence has a
different tectonic history than the Ideal-Lonesome
trend cannot be ruled out.
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EARLY CRETACEOUS EVOLUTION OF THE
NORTHEASTERN YUKON-KOYUKUK BASIN,
WEST-CENTRAL ALASKA

Stephen E. Box, William W. Patton, Jr.,
and Christine Carlson

The Brookian orogenic belt (fig. 16) Ias pre-
viously been interpreted to be the result of an arc-
continent collision in the Early Cretaceous (Roeder
and Mull, 1978; Gealey, 1980; Box, 1985). The adja-
cent Yukon-Koyukuk basin is partly underlain by the
colliding voleanic arc terrane (Koyukuk terrane of
Jones and others, 1984). This report, which focuses
on the voleanic and sedimentologic evolution of part
of the northeastern Yukon-Koyukuk basin, docu-
ments the response of the voleanie arc tertane to
the collision.
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correlation between sections is based on abrupt upward disappearance of distinctive potassium

feldspar-rich tuff beds in each section.

Patton (1973) previously divided the Lower
Cretaceous rocks of the basin into two broad strati-
graphic sequences: a lower sequence of Neocomian
voleanie and voleaniclastie rocks and an upper se-
quence of Albian and younger polymictic clastic
rocks. For this report,two stratigraphie sections
(see fig. 16) were studied in order to investi-
gate both the nature of these strata and the strati-
graphic transition between these two sequences.
New data on their biostratigraphy, sedimentology,
sedimentary petrography, and volcanic geochemis-
try are reported here in preliminary form.

The Hughes Creek section (fig. 17A) exposes
the transition between the two sequences. The low-
est exposed unit is Valanginian in age (Patton, 1973)
and consists of voleanic and voleaniclastie rocks de-
posited in predominantly shallow-marine environ-
ments. Voleanic rocks are vesicular plagioclase+ecli-

nopyroxene+hornblende porphyries that ranze from
basalt to dacite in composition. New trace-element
data from several samples of Neocomian voleanie
rocks, when plotted on diseriminant diagrams (fig.
18) of Pearce and Cann (1973), suggest a subduc-
tion-related voleanic are origin. Interbedded clastic
rocks are entirely voleanolithie and are both pyro-
clastic and epiclastic in origin. Lenticular cobble
conglomerates, large-scale (1 m) cross-bedding, and
relatively common fossiliferous horizons indicate
shallow-marine deposition. A sandy coquinoid lime-
stone is located at or near the top of the Valangin-
ian section.

Lying conformably above the Valangirian unit
is a middle unit, 2,500 m thick, of thin-bedded sha-
ley strata. Hauterivian ammonites were identified
from near the base of the unit (J. W. Miller, USGS,
written commun., 1984), and Barremian and early(?)

KSPAR XL LITHIC TUFFS



Albian dinoflagellates were recovered from calca-~
reous concretions in the middle and near the top of
the unit, respectively (N. R. D. Albert, USGS, writ-
ten communs., 1984, 1985). This unit consists of
laminated dark shale with thin interbedded volcani-
clastic siltstone and fine sandstone and rare
matrix- and framework-supported conglomerates.
Partially welded ash-flow tuff beds as thick as 1.3m
are sporadically interbedded through the Barremian
part of the section. These tuffs contain abundant
potassium feldspar in the form of both phenocrysts
and groundmass, as well as rare biotite phenocrysts,
but lack phenocrystic quartz. Interbedded sand-
stone (also lacking metamorphic detritus) is compo-
sed of similar potassium feldspar-rich voleanie frag-
ments. These sedimentary rocks commonly contain
incomplete Bouma sequences (T,4,) With thick Te
intervals, suggestive of deposition below the wave
base. The generally fine grain size, minor slump
fold horizons, rare interbedded conglomeratic
horizons,and the stratigraphic position between shal-
low-marine and turbidite basin deposits suggest this
unit represents deposition in a sediment-bypassed
slope environment (Mutti and Rieei Luechi, 1972).

The upper unit, which conformably overlies
the middle unit, contains fragmentary early to mid-
dle Albian ammonites (J. W. Miller, USGS, written
commun., 1984) near its base along Hughes Creek.
Compositionally, these sandstones were derived
from a mixed igneous and low-grade metamorphic
source, similar to that presently exposed in the
southern Brooks Range. Basal strata are fissile,
hemipelagic shales (basin plain?), which are overlain
by massive amalgamated sandstone intervals (facies
B and C; Mutti and Ricei Luechi, 1972), indicative
of a mid-fan (channel?) environment. Sole markings
indicate south- to southeast-directed paleocurrents,
supporting a Brooks Range source.

The Kanuti Canyon section (fig. 17B), located
75 km northeast of the Hughes Creek section, con-
sists entirely of turbidites with a total thickness of
over 4 km. The age is poorly constrained by a frag-
mentary ammonite of probable early Albian age
(D. L. Jones, USGS, written commun., 1971) about
1 km below the top of the section. Sandstone

petrography and south-directed paleocurrents
suggest a Brooks Range source for these
turbidites. Interbedded with the polymictie

turbidites in the lower kilometer of section are
thick (1-2 m) tuffaceous turbidites lithologically
identical to the tuffs from the middle unit of the
Hughes Creek section. Most of the Kanuti Canyon
section correlates with the upper unit of the Hughes
Creek section; the lower kilometer is tentatively
correlated with the middle unit (Hauterivian to
early(?) Albian) of the Hughes Creek section.

In summary, the Early Cretaceous history of
the northeastern Yukon-Koyukuk basin is interpre-
ted to record the collisional demise of a subduction-
related volcanic arc (Box, 1985). Valanginian arc
volecanism occurred within a shallow-marine vol-
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Figure 18.—-Trace element data from Neccomian
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Hughes Creek area, plotted on three diser‘minant
diagrams of Pearce and Cann (1973). LKT = low-K
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floor basalts; WPB = within-plate basalts.

caniclastic platform. In Hauterivian time, volcan-
ism changed to a more highly potassie type, concur-
rent with marked subsidence of the shallow~marine
platform. Orogenic sediments from the Brooks
Range reached the inferred off-platform parts of
the basin in pre~Albian time and interfinger=d with



these potassic tuffs. Orogenic sediments gradually
onlapped the voleanic high itself, reaching the
Hughes area by early or middle Albian time.

The sedimentologic and volcanic response of
the Koyukuk (volcanie arc) terrane to collision is si-
milar to that recorded in more recent arc-continent
collisions. Chi and others (1981) document a similar
evolution of arc subsidence and progressive onlap by
orogenic sediments during Neogene arc-continent
collision in eastern Taiwan. A change to highly po-
tassic, shoshonitic volcanism concurrent with arc-
continent collision has been documented in the
western Philippines (Wolfe and Self, 1983), the east-
ern Sunda arc (Foden and Varne, 1980), the Aeolian
arc (Barberi and others, 1974), and elsewhere
(Morrison, 1980).
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PRELIMINARY RESULTS OF
PB-ISOTOPE ANALYSES OF DEIOSITS
FROM THE SEWARD PENINSULA

Stanley E. Church, Joseph A. Bri<key,
Maryse H. Delevaux, and Anne P. LeHuray

Lead-isotopic compositions have been deter-
mined from galena samples from five different
sulfide deposits sampled during a reconnaissance
study of the Soloman and Bendeleben gquadrangles.
Samples were collected from the Lost River Mine,
Independence Mine, Pargon and Niukluk Rivers area,
the Foster prospeet, the Hannum Creek prospect
and the Wheeler prospects as a part of the geologi-
cal and mineral assessment of these quadrangles
during the Alaska Mineral Resource Assessment
Program (AMRAP)(Till, 1983). Sample localities are
shown on figure 19 and the Pb-isotopic results on
figure 20.

Be-Sn-W-As-Pb fissure-vein dep-sits in the
Lost River Mine area in the Teller quadrangle are
associated with the Lost River pluton (Sainsbury,
1964, 1969) of Late Cretaceous age (80.2 +2.9 m.y.;
Hudson and Arth, 1983). This pluton is one of sever-
al associated with tin mineralization ertending ENE
across the Seward Peninsula. Pb-isotop= analyses of
several galena samples from fissure veins in the
mine area plot within the limits of anelytical error
(fig. 20).

Independence Mine is a Zn-Pb-Ag-Au deposit
containing massive and disseminated, partially oxi-
dized, sphalerite, galena and tetral =drite with
quartz and calecite. It is localized in a north-trend-
ing, steeply dipping, shear zone in pre-Devonian
schistose marbles here considered part of the Nome
Group (Till, 1983) within 4 km of the margin of the
Kugruk pluton, a quartz monzonite pluton also of
Late Cretaceous age (95 m.y.; T. P. Miller, USGS,
oral commun., 1985). The difference between the
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Figure 19.—-Localities of samples discussed in this
study: R, Red Dog; D, Drenchwater Creek; H,
Hannum Creek; L, Lost River Mine; W, Wheeler; I,
Independence Mine; P, Pargon; and F, Foster.

Pb-isotopic results from these two fissure veins is
consistent with the 15m.y. age difference for the
deposits. The Pb-isotopic data from these deposits

define the 238u/204py and 232Th/238y present in
the source region, and establish the growth curve
for the evolution of Pb associated with magmatic
processes on the Seward Peninsula. Note that the
magmatic growth curve for Pb on the Seward Penin-
sula differs from either of the two reference growth
curves shown in figure 20.

A deposit containing galena, chalcopyrite, and
pyrite(?) was sampled from a prospect in the west-
ern Bendeleben Mountains between the Pargon and
Niukluk Rivers. Mineralization occurs in fracture
zones that cross-cut garnet- and tourmaline-bearing
dikes as well as amphibolite schist country rock.
The deposit is spatially associated with small rhyoli-
tic to monzonitic intrusive bodies just north of the
Cretaceous Pargon pluton,which are the probable
cause of complex geochemical anomalies found by
Bundtzen (1974) and King (1984). Pb-isotopic data
from these occurrences are similar to those from
the Independence Mine and probably represent mag-
matic hydrothermal activity of Cretaceous age.

The Foster prospect, located in the Omilak
Mountain area of the western Darby Mountains,
consists of galena-bearing gossans in marble (pro-
bably of the Nome Group) that are localized along a
series of veins in the crest of an anticlinal fold.
Mulligan (1962) reports high Pb/Zn ratios (7.6) with
an average of 3.73 percent Pb recovered from drill-
ing and anomalous concentrations of Ag, As, Au,

40.0 T T T

39.5 ]

208Pb

19.0
206Pb/204 Pb

Figure 20.—-Pb isotope diagram showing the
relationship of various deposits. See figur= 19 for
symbol designations. The SEDEX growtl curve,
derived from the deposits of the Selwyn Basin
(Godwin and Sinclair, 1982), the growth curve of
Stacey and Kramers (1975), and the mid-ocean ridge
line (MORB) are shown for reference. The range of
Pb-isotopic data from SEDEX-type deposits from
the Selwyn Basin (Godwin and Sinclair, 1982) are
shown by the stippled pattern.

Cu, Mn,and Sn. Middle Cretaceous granit‘c rocks
oceur in the Windy Creek pluton [(middle Creta-
ceous?); T.P. Miller, USGS, oral commun., 1985]
about 15 km to the north; the Dry Canyon Creek
stock (108 m.y.; Miller, 1972) to the south; and the
Darby pluton (88-94 m.y., Miller and Bunker, 1976)
to the east of Omilak Mountain. Mineralization ex-
tends north of Omilak Mountain to within one kilo-
meter of the contact of the Windy Creek stcek.
Isotopic analysis of galena samples from the
Foster prospect resulted in a radiogenic Pb-isotopie
composition that differs significantly from the ores
associated with Cretaceous magmatic activity (see
figure 20). Pb-isotopic data from galena samples at

the Foster prospect lie along the same 238U/204Pb
growth curve as the Pargon, Independence, and Lost
River samples. However, there is a pronounced
shift in the plot of 208Pb/z04Pb—206Pb~20€Pb data

from the Foster prospect (upper part of fig. 20).
This feature of Pb-isotope behavior indicates a dif-
ferent Th/U ratio in the source region where radio-
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genic decay occurred. Several alternative explana-
tions for the presence of radiogenic Pb at the
Foster prospect are possible, but the most plausible
explanation is that Pb from these deposits results
from leaching of lead from the metamorphic host
rocks. In such cases, ores commonly are uranogenic
(Doe, 1970); that is, the Pb-isotopic signature of the

ore contains an abnormally high amount of 206y,
due to decay of uranium caused by a decoupling of
the uranium and thorium systems during metamor-
phism.

The Hannum Creek prospect occurs in marble
and quartzite interlayered with carbonaceous quartz
schist of the Nome Group (J. A. Briskey, A. B. Till,
and B. M. Gamble, USGS, written commun., 1985).
The deposit consists of stratiform accumulations of
partially oxidized, disseminated to massive pyrite,
sphalerite, and galena, principally in laminae of
quartzite interlayered with manganiferous calcitic,
dolomitic,and ankeritic marbles. The deposit has
many attributes of sediment-hosted submarine ex-
halative Zn-Pb (SEDEX) deposits (J. A. Briskey,
A.B. Till, and B. M. Gamble, USGS, written
commun., 1985).

Two galena samples were analyzed from
Hannum Creek prospect. Isotopic results are simi-
lar to those from the Pargon River, Independence,
and Lost River areas; on the basis of the Pb-isotopic
data alone, one might expect that Hannum Creek
was a Cretaceous magmatie-hydrothermal deposit.
The Pb-isotopic data from Hannum Creek are radio-
genic for SEDEX-type deposits. For example,
SEDEX-type deposits of the Selwyn Basin in the
Canadian Cordillera (Godwin and Sinelair, 1982) plot
on a higher growth curve and reflect the 1.89 b.y.
Hudsonian basement of the Canadian shield (see fig.

20), yet contain less 296Pb. However, some Pb
samples from SEDEX-type deposits in Devonian
and Mississippian rocks in the MecMillian Pass and
Akie River areas of the Canadian Cordillera
(Godwin and Sinclair, 1982) contain nearly as much

206py, g5 the Hannum Creek deposit. Furthermore,
Devonian SEDEX-type deposits in the Wood River
district of Idaho (Hall and others, 1978) contain
mueh more radiogenic Pb than does the Hannum
Creek deposit. Red Dog and Drenchwater Creek
SEDEX-type deposits of Mississippian and Pennsyl-
vanian age in the DeLong Mountains (Lange and
others, 1980) contain much less radiogenie Pb than
Hannum Creek.

The Wheeler prospects, first described by
Smith (1908), are small lode deposits containing ga-
lena, chalcopyrite, pyrite, bornite,and sphalerite in
schist and marble of the Nome Group. Poorly ex-
posed lead prospects on the east side of the Kruz-
gamepa River, near the mouth of Iron Creek, were
examined during this study. Pyrite is common, oc-
curring as folded layers and as veinlets, stringers,
and disseminations in interlayered marble and cal-
careous muscovite schist. Finely crystalline galena

was found in marble talus. Other minerals present
include ankerite(?), magnetite, and traces of fluor-
ite.  Mineralization is apparently controlled by
faulting.

Pb-isotope analysis of a single galena from the
Wheeler prospects gave Pb-isotopie results identical
to those from the Red Dog and Drenchwater Creek
deposits (Lange and others, 1980; Lueck, 1981) that
occur in Mississippian strata in the DeLong Moun-
tains and Howard Pass quadrangles (Tailleur and
others, 1977) north of Seward Peninsula. Two alter-
natives are possible to explain the Pb-isotopic
data: (1) the deposit represents SEDEX-type min-
eralization similar to that of the Red Dog deposit;
or (2) the deposit is magmatic-hydrothermal in ori-
gin, and the analyzed sample reflects a sediment-Pb
signature from the host rocks. Clarification of
these alternatives may be possible with additional
field and isotopic work.
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PRELIMINARY STUDY OF
LODE GOLD DEPOSITS,
SEWARD PENINSULA

Bruce M. Gamble, Roger P. Ashley,
and William J. Pickthorn

Although important placer gold deposits are
widely distributed on the Seward Peninsula, known
lode gold deposits are small and have a more limited
distribution. Lodes occur south of the Kigluaik and
Bendeleben Mountains in blueschist-facies rocks of
the Nome Group (fig. 21) (Moffit, 1913; Till, 1984).
Amphibolite- and granulite-facies rocks and plu-
tonie rocks exposed in the Kigluaik, Bendeleben, and
Darby Mountains contain no known gold deposits,
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Figure 21.--Distribution of lode gold occurrences
(circles), placer gold regions (line pattern) and the
Nome Group (dot pattern) on the Seward
Peninsula. Numbers indicate lodes discussed in
text: 1, Koyana Creek; 2, Bluff; 3, Big Hurrah; 4,
Sliscoviteh; 5, McDuffee; 6, California; 7, Stipec &
Kotovie, and Sophie Gulch.

with the exception of a few silver-base metal de-
posits that have minor gold.

The Nome Group includes four mappable litho-
logic units. These are, from structurally lowest to
highest: (1) pelitic schist with subordinate marble;
(2) a lithologically inhomogenous unit containing
interlayered carbonaceous quartzite, marble, im-
pure marble, and quartz-mica schist (the mixed
unit); (3) mafic schist with subordinate calcareous
material; and (4) chloritic marble. Lenses and lay-
ers of metabasite are common in the mafic schist
unit and are found locally in the mixed and chloritic
marble units (Till, 1984). Blueschist-facies mineral
assemblages are best preserved in the metabasites.
The Nome Group was subjected to a monocyelic,
polyphasic, metamorphic event that initially under-
went penetrative deformation under blueschist-
facies conditions prior to more passive greenschist-
facies conditions (Thurston, 1983). This event pro-
bably occurred in Late Jurassic or Early Cretaceous
time (Forbes and others, 1984). The dominant
metamorphic assemblage present in the Nome
Group is blueschist facies. Greenschist-facies re-
crystallization was incomplete; examples include
static recrystallization of chlorite after garnet and
chloritoid, and rare development of biotite.

Lodes examined in this study were previously
described by Catheart (1922). Information present-
ed here on the origin of the lode gold occurrences
and their relation to the metamorphic stratigraphy
of Till (1984) results from field data collected in
1983 and 1984, and laboratory analyses of 60 sam-
ples from the deposits and surrounding areas.



Table 6.--Results of analyses of gold-quartz veins from the Seward Peninsula. All values are in

parts-per-million (ppm).

Detection limits are in parentheses (Ag analysis by semiquantitative

emission spectrography; Au, As, Bi, and Sb by atomic absorption). N, not detected; L, present,
but below detection limit; G, greater than; *G, much greater than

Au Ag As Bi Sb
Deposit (0.05) (0.05) (10) o)) (2)
McDuffee 120 10 280 N 6
4.0 N 450 N 4
N L.5 350 N 6
Sliscoviteh 6.5 7 250 N *G1,000
4.4 2 100 N *G1,000
California .05 N 510 N 18
.15 N 700 N 18
.20 5 G2,000 N 80
Stipec & 1.0 N 1,300 N N
Kotovie 1.2 N G2,000 N 2
Bluff 40 10 48,000 10 350
.05 5 G2,000 N G1,000
4.0 2 G2,000 14 540
Koyana 9.1 7 27,000 N 54
Creek 31 10 54,000 6 160
Big Hurrah 25 L.5 60 L2 6
65 10 30 L2 4
16 1 65,000 L2 200

Lode gold deposits oecur in the mixed unit and
the mafie schist unit and are mostly quartz veins
formed along high-angle faults which cut the gen-
erally shallow-dipping metamorphie foliation. Most
of these faults belong to two regional sets that
trend northeast and northwest. Veins range from
2em to 5min width ; most are less than 10 cm wide. In
addition to quartz, they typically contain minor car-
bonate and albite or oligoclase. Free gold is ac-
companied by arsenopyrite and lesser pyrite but is
not necessarily in contact with these minerals. To-
tal sulfide content is usually less than a few per-
cent. Minor chalcopyrite, sphalerite, stibnite, tet-
rahedrite(?) and scheelite may also be present.
Samples of vein material contain up to 120 ppm Au,
6.5 percent As, 10 ppm Ag, and greater than
1,000 ppm Sb (table 6); some samples contain up to
50 ppm W, 200 ppm Cu, 330 ppm Zn, 50 ppm Mo, or
14 ppm Bi. Lenticular masses of mineralized quartz
that are conformable with the enclosing metamor-
phic rocks are reported as "older veins" (Brooks,
1908, p. 117; Smith, 1910, p. 91). Samples of bou-
dins adjacent to veins at the MecDuffee prospect
showed no detectable Au at a 50 ppb detection limit,
and quartz boudins sampled at loealities away from
known vein occurrences similarly had no detectable
Au. Tt is not clear what relationship, if any, these
older veins have to the crosscutting gold-quartz
veins.

Gold localities examined include several sul-
fide-rich types of ocecurrences in addition to the
more typical low-sulfide veins. Two quartz veins at
Bluff contain as much as 60 percent arsenopyrite,
and a vein at Big Hurrah has 10-15 percent arseno-

pyrite. Quartz-stibnite veins observed at two local-
ities (Gray Eagle, Sliscovitch) locally contain 50
percent stibnite and minor pyrite.

Veins at the Big Hurrah Mine are the largest
known on the Seward Peninsula. Approximately
810 kg (26,000 oz) of gold have been extracted from
the Big Hurrah, mostly between 1903 and 1909. The
property has been actively explored for additional
reserves in recent years. At least four, and possibly
six, lodes are present. Each lode is a fault zone
containing as many as four veins (C. C. Hawley,
Hawley and Associates Inc., Anchorage, written
commun., 1985). Individual veins range from 0.5 to
5.0m in width ; most are less than 1m wide. Fault
zones that form the lodes strike northwest and most
dip steeply to the southwest. The country rock is
quartz-rich, ecarbonaceous mica schist or quartzite
of the mixed unit. Preliminary fluid inelusion stu-
dies of the Big Hurrah veins by John J. Read
(Washington State University, Pullman, written
commun., 1985) show that inclusions in gold-bearing
quartz samples have low salinities (2-5 weight per-
cent NaCl equivalent) and contain significant CO9
and some CHy.

Oxygen-isotope measurements were made on
samples of vein quartz from three lode gold occur-
rences in the Nome district and on quartz from the
mineralized area at the Big Hurrah Mine (table 7).
Samples from two quartz-calcite boudins at the
McDuffee prospect in _the Nome distriet were also
analyzed. The high 6-°0 values for the five quartz
vein samples from the Nome area (+15.4 permil to
+19.2 permil) suggest that gold-bearing quartz was
deposited from a metamorphic fluid; i.e., from
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Table 7.--Oxygen-isotope (& 18O) values for quartz from boudins and gold-bearing veins, Seward
Peninsula. Values are reported in permil relative to Standard Mean Ocean Water (SMOW)

Deposit

8 180 values

Nome area gold-bearing veins
McDuffee prospect
Stipec & Kotovic prospect
Sophie Gulch prospect

Big Hurrah mine; vein exposed
in pit at northeast end
of mineralized area

McDuffee prospect boudins
1 m from footwall of vein
0.1 m from footwall of vein

+19.2, + 19.1, +18.4
+15.4
+17.9

+10.2

+13.9
+15.3

water which equilibrated isotopically with sedimen-
tary and (or) voleanic rocks under greenschist- to
amphibolite-facies temperature conditions (Taylor,
1979; Fyfe and Kerrich, 1984). At the McDuffee
prospect, quartz from a boudin located 1 m fi%m
the nearest gold-bearing quartz vein has a 6°°0O
value of +13.9 permil, which is in the range typical
of metamorphic quartz segregations in greenschist-
facies rocks. Quartz from a boudin located only
1008m from the nearest gold-bearing vein has a
5180 value of +15.3 pfgmil, which could be the re-
sult of a fluid with 60 of about +19 permil mi-
grating outward from the vein and interacting with
previously equlibrated, isotopigally lighter boudin
quartz. The relatively low 61 O value (+10.2 per-
mil) for the quartz sample from the Big Hurrah
Mine area, though equivoeal, eould be produced by
metamorphic fluid that equilibrated with carbon-
rich roeks, such as those common around the Big
Hurrah, under greenschist-facies conditions.

Isotopie and fluid-inelusion ecomposition data
suggest that gold lode deposits on the Seward Penin-
sula were formed from fluids that equilibrated with
sedimentary and (or) voleanic protoliths of the
Nome Group under greenschist-, blueschist-, or
amphibolite-facies conditions. The fluids then moved
upward during the later, post-kinematic part of
the metamorphic event and deposited gold- and sul-
fide-bearing quartz veins in fractures and fault
zZones.
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EAST-CENTRAL ALASKA
(Figure 22 shows study areas described.)

PRELIMINARY STUDY OF
SHEAR SENSE IN MYLONITES,
EASTERN RAY MOUNTAINS,

TANANA QUADRANGLE

Ronny T. Miyaoka and James H. Dover

An attempt was made, using oriented thin sec-
tions, to determine the sense of shear recorded in
the mylonitic fabric of rocks in the eastern Ray
Mountains (fig. 23) in order to better understand the
relative movement between two major rock pack-



Figure 22.—Map showing areas in east-central

Alaska discussed in this eircular.

ages--the metamorphic suite of the Ray Mountains
and the Rampart assemblage (Dover and Miyaoka,
1985a). The Ray Mountains unit is part of the Ruby
terrane of Silberling and Jones (1984) and is com-
posed of undated polymetamorphosed metasedimen-
tary and metaigneous rocks of continental affinity
(Chapman and others, 1982; Dover and Miyaoka,
1985a). The Rampart assemblage is part of the
Tozitna terrane of Silberling and Jones (1984) and is
a sequence of mafic igneous and sedimentary rocks
of Devonian(?) to Triassic age. The rock unit stud-
ied (Ds; fig. 1) is composed predominantly of mylon-
itic, medium- to fine-grained quartz wacke and
finely sheared quartz-rich siltstone of Devonian(?)
age within the lower part of the Rampart assem-
blage. Unit Ds generally has a moderate to gentle
southeasterly dipping mylonitic foliation which
could have been formed by either northwest(up-dip)-
or southeast(down-dip)-directed tectonic movement
of the Rampart assemblage relative to the Ray
Mountains unit (Dover and Miyaoka, 1985b). Assum-
ing that the mylonitic fabric was produced by move-
ment between the Rampart assemblage and Ray
Mountains unit, it was the aim of this study to de-
termine if fabriec analyses could be used to deter-
mine which sense of movement occurred. Know-
ledge of the sense of movement (i.e., whether the
Rampart assemblage moved up-dip over the Ray
Mountains unit from the southeast or down-dip from
the northwest) is critical to the regional tectonic
reconstruction of interior Alaska.

Criteria used in this study are mainly compo-
site planar fabries and asymmetric augen structures
(fig. 24) as summarized by Simpson and Schmid
(1983). Composite planar fabries involve the rela-
tionship between flattening (S) foliation and shear
(C) foliation (Berthé and others, 1979; see also
Simpson, 1984, figs. 24 a,b,c). Asymmetrie augen
structures occur where fine-grained recrystallized
parts of megacrysts are dragged out along the shear
foliation (Simpson and Schmid, 1983, fig. 4A). Ro-

tation of porphyroblastic plagioclase is the other
textural criteria considered in this study.

It should be noted that the S and C foliations
considered occur in layered metasedimrentary rocks
that underwent ductile shearing imposed by regional
thrusting, whereas the original work b Berthé and
others (1979) on S and C foliations wa- in isotropic
granite sheared by strike-slip faultinz. Work by
Simpson (1984) was also on a shescved granite,
though the shearing resulted from thrust faulting.
Consistent results were obtained by Brown and
Murphy (1982) in applying the S and C criteria to
ductily sheared metasedimentary roc“s. In that
study, mylonitiec foliation in the metasedimentary
rocks was interpreted as transposed compositional
layering. The same interpretation is made here.
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EXPLANATION

D Qs Surficial deposits (Quaternary)}
Krm Ray Mountains batholith (Cretaceous)
Rampart assemblage
D JMri Rampart Group and associated intrusive rocks (Jurassic to
Mississippian)—sedimentary and mafie igneous rocks. Age of
Rampart Group is Missippian to Triassie(?}
Ds Mylonitic bimodal quartz wacke and asscciated sedimentary
rocks (Devonian?}
Metamorphic Suite of the Ray Mountains
H:ED MzPzs Pelitic to quartzitic schist (Mesozoic and (or) Paleozoic)
—_— Contact
—_———— High-angle normal or oblique-slip fault, dash>d where uncertain
E TFZ Tozitna fault zone—High-angle fault zone with major right-
lateral strike-slip component of movement
P— Thrust fault, sawteeth on upper plate, dasheC where uncertain
y Strike and dip of foliation
[ ] Sample locality

Figure 23.—-Geology of the eastern Rey Mountains
area showing sample locations.
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Four oriented samples were collected within
unit Ds in 1984 (fig. 23). Figure 25 shows the rela-
tionship between foliation, lineation, and orienta-
tion of thin sections. Lineation is defined by elong-
ate streaks of quartz and (or) feldspar aggregates.
Down-dip orientation of lineation is considered to
have formed by mineral stretching in a direction
parallel to shearing (Berthé and others, 1979; Brown
and Murphy, 1982; Simpson and Schmid, 1983);
therefore, only sections cut parallel to the stretch-
ing lineation were studied in order to determine the
sense of shear.

Thin seections were examined systematically
using a mechanical stage, and the sense of shear
was recorded for the fabric element present (fig.
24). Sample 27c¢ has asymmetric augen structures
and S and C foliations which consistently indicate
an up-dip sense of shear, and sparse, rotated, pla-
gioclase porphyroblasts which give ambiguous re-
sults. Sample 28¢ has S and C foliations which indi-
cate down-dip shear and sparse, asymmetrie, augen
structures which also give an ambiguous sense of

Sense of shear with number
of observations
Criteria used

Sample Up-dip Down-
no. dip
Sand C
foliations
T “— "_‘,7,,\, 27c¢ 66 10
NN NN 28c 114 41
\\\\\\\\S\{(\\‘Sé 30a 5 2
SRR 306 0 0
¢ —
"Asymmetric augen
structures
27c 10 1
——— 28¢ 3 4
30a 10 3
A== 30b 17 2
——
Rotated plagioclase
porphyroblasts
27c 1 1
28c 0 0
30a 0 0
30b 0 39

Figure 24.-—-Sketches of thin section observations il-
lustrating criteria. The number of observations for
each shear sense is given, All sketches depiect
sinistral shear.
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shear. Sample 30a contains asymmetric augen
structures and S and C foliations which indicate an
up-dip sense of shear; however, both criteria are
sparse. Sample 30b contains asymmetrie augen
structures that consistently indicate an up-dip sense
of shear, but rotated plagioclase porph:roblasts
whiech consistently indicate a down-dip shear
sense. The contradictory nature of the d~ta from
sample 30b reflect, in part, the poor develooment of
the fabric elements but may also indicate our in-
complete understanding of those elements.

Because of data inconsistencies, the sense of
shear in the mylonites of the eastern Ray Mountains
has not been clearly demonstrated in this prelimi-
nary study. Nevertheless, the preponderance of S-C
and asymmetric augen data, where best developed,
indicate an up-dip sense of shear, suggesting move-
ment of the Rampart assemblage from southeast to
northwest over the metamorphic suite of the Ray
Mountains. We expect our continuing study of Ram-
part assemblage-metamorphic suite of the Ray
Mountains relations to be enhanced by more thor-
ough sampling and by more careful selection of
coarser grained porphyroclastic material, where
possible. Microfabric analysis appears to be a pro-
mising approach to this kind of problem ir Alaska,
where the relative motions of many terran=s are in
question.

mineral stretching
lineation

Figure 25.-Sketch of sample 28c showing st-etching
lineation, strike and dip of mylonitic foliation, and
lines (marked x and y) drawn to indicate whrere thin
sections were to be cut. Only the sectons cut
parallel to the stretching lineation (y sections) were
studied to determine shear sense.
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SOUTHWESTERN ALASKA

(Figure 26 shows study areas described.)

TERRANE ANALYSIS
OF THE NORTHERN BRISTOL BAY REGION,
SOUTHWESTERN ALASKA

Stephen E. Box

The northern Bristol Bay region of southwest-
ern Alaska is a structurally complex area of
predominantly volcanic and volcaniclastic rocks.
Earlier  1:250,000-scale mapping (Hoare and
Coonrad, 1959; 1961a, b; 1978) resulted in subdivi-
sion of this region into four tectonostratigraphic
terranes: the Togiak, Goodnews, Kilbuck, and
Nyack terranes (Jones and others, 1981). In this re-
port, some of the terrane boundaries have been
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Figure 26.--Map showing areas in southwestern
Alaska discussed in this circular.

modified, and two of the terranes (Togiak and Good-
news) have been subdivided into compcnent subter-
ranes. These changes are based on recent mapping
of the coastal outcrop belt (Box, 1985a), a traverse
down the Kanektok River, and review of the field
notes of J. M. Hoare and W. L. Coonrad (1951-53;
1974-76) for the interior parts of the mapped area.
More extensive documentation of the following ana-
lysis is reported elsewhere (Box, 1985a). Seven ter-
ranes and subterranes are shown in figure 27; gen-
eralized stratigraphie columns for each are shown in
figure 28. Characteristics of terrane boundaries
and constraints on the age of major mntion across
them are summarized in table 8.

The Togiak terrane consists of Mesozoic vol-
canic and voleaniclastic rocks that are separated
aerially into the Kulukak and Hagemeister  subter-
ranes (Box, 1985a). The Kulukak subterrane, on the
southeast, consists predominantly of voleaniclastic
turbidites of Jurassic age (Kulukak greywacke unit
of Hoare and Coonrad, 1978), as well as the Upper
Cretaceous Summit Island Formation end unnamed
Late Cretaceous and early Tertiary intrusive and
volcanic rocks. Dismembered Lower Jurassic strata
("broken formation") are unconformably overlain by
concentrically folded Middle and Upper Jurassic

strata. Late Early Jurassic deformation is
characterized by southeastward vergence, while
earliest Cretaceous deformation resulted in

northwestward thrusting of the Kulukak subterrane
over the Hagemeister subterrane. The Hagemeister
subterrane consists of Upper Triassic through Lower
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Togiak terrane--Consists of:
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Kulukak subterrane
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Cretaceous strata separated into three units by
angular unconformities of late Early Jurassic and
earliest Cretaceous age (Box, 1985a). The lower
unit consists of a mafic igneous suite intercalated
with Upper Triassic chert (Box, 1985¢), which
grades upward into Lower Jurassic shallow marine
voleaniclastic rocks. The middle and upper units
consist of intermediate composition volcanic and
volcaniclastic rocks deposited in rapidly varying

subaerial to deep marine environments. The upper
unit (Lower Cretaceous) also overlaps the entire
Goodnews terrane and contains detritus from the
adjacent Kulukak subterrane. Thus, the entire
Goodnews and Togiak terranes were amalgamated
by Early Cretaceous (Valanginian) time.

The Goodnews terrane is subdivided into the
lithologically distinct Cape Peirce, Platinum, and
Nukluk subterranes (Box, 1985a). The Cape Peirce
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Table 8.--Southwestern Alaska terrane/subterrane linkages: Characteristics and constraints

Terrane /subterrane abbreviations: Ku=Kulukak, H=Hagemeister, CP=Cape Peirce, P1=Platinum, Nu=Nukluk, Ki=Kilbuck, Ny=Nyack.

Numbers in parentheses refer to numbered linkages in figure 28

Ku-H (1) H-CP (1) CP-P1 (1) P1+H-Nu (2) Nu-Ki (3) Ki-Ny (4)
LINKAGE Provenance Pluton-stitching Pluton-stitching Provenance + Provenance + Pluton-stitching +
TYPE sedimentary sedimentary sedimentary
overlap overlap overlap
AGE OF Early Middle Early Middle Early Middle Early Early Late Early Late Late
LINKAGE Jurassic Jurassic Jurassic Cretaceous Cretaceous Cretaceous
(Bajocian) (186+5 m.y.) (186+5 m.y.) (Valanginian)  (Albian) (7045 m.y.)
YOUNGEST Lower Upper Triassic Permian Upper Upper Lower Lower Lower Upper
PRE-LINKAGE Jurassie (possibly Upper Jurassic Cretaceous Cretaceous
UNIT Triassic) (Tithonian) (Valanginian) (Turonian)
BOUNDARY NW-dipping fault = Low-angle fault SE-dipping Steep. linear SE-dipping Steep linear
GEOMETRY (overprinted fault fault fault fault
by Early
Cretaceous SE-
dipping fault)
KINEMATICS, SE-directed NNE-directed Reverse displace- Unknown NW-directed Unknown
EVIDENCE fold vergence, motion of upper ment (i.e. high- thrusting,
rotated bou- plate (rotated grade over low- fold over-
dins fold axes) grade rocks) turning
ASSOCIATED Scaly fabric Mylonitization Mylonitization, Reset K-Ar Imbrication of Folding of Ki
DEFORMATION and flattening flattening of mica ages Ki and Nu
of CP; folding CP; imbrica- in CP; NW terranes
of H (+ fault- tion, folding thrusting
ing) of PI(?) within Ku
ASSOCIATED None identified Transitional Transitional None identi- Loeal greenschist, None identified
METAMORPHISM greenschist- greenschist- fied transitional
blueschist blueschist greenschist-
facies facies blueschist facies




subterrane consists of foliated rocks of transitional
blueschist-greenschist metamorphic facies of Late
Triassic or Early Jurassic age (Box, 1985¢). It is ex-
posed under a low-angle fault beneath the Hage-
meister subterrane. The Cape Peirce subterrane is
thrust over the Platinum subterrane to the north-
west. The Platinum subterrane consists of unfolia-
ted Permian basalts, limestones, and volcanic con-
glomerate. Pre-Middle Jurassic amalgamation of
the Platinum, Cape Peirce, and Hagemeister subter-
ranes is indicated by a crosscutting belt of early
Middle Jurassic mafic and ultramafic plutons (Hoare
and Coonrad, 1978). The Nukluk subterrane is best
described as a matrix-poor melange, whose compo-
nents are shown in figure 28 (Box, 1985a; Hoare and
Coonrad, 1978). Pervasive northwest-vergent im-
brication is characteristic of the Nukluk subter-
rane. The subterrane is locally overprinted by
greenschist- to blueschist-facies metamorphism
along its northwestern margin. A linear fault sep-
arates the Nukluk subterrane from the Platinum and
Hagemeister subterranes to the southeast. Uncon-
formably overlying Valanginian (Lower Cretaceous)
strata overstep this fault.

The Kilbuck terrane consists of foliated meta-
morphic rocks, which record Early Proterozoic
amphibolite-facies metamorphism and an Early
Cretaceous greenschist-facies retrograde event
(Turner and others, in press). The Kilbuck terrane is
overthrust on the southeast by the Nukluk subter-
rane (Box, 1985a). Albian clastic rocks overlap both
the Kilbuck and Goodnews terranes but are them-
selves highly deformed by northwest-vergent folds.

The Nyack terrane is an area of basaltic and
andesitic rocks of at least Middle and Late Jurassic
age (Hoare and Coonrad, 1959). A late Early Creta-
ceous granitic pluton (115+5 m.y.) intrudes the
northeastern end of the terrane (beyond the map
area). The Nyack terrane is separated by a linear
fault from the Kilbuck terrane to the southeast; this
relationship is well~expressed in aeromagnetic data
(Griscom, 1978; Dempsey and others, 1957). The
earliest overlap of this boundary is by latest Creta-
ceous volecanice fields that are scattered across much
of western Alaska (Moll and Patton, 1981). Middle
Cretaceous clastic rocks apparently do not overlap
the Nyack terrane.

The Mesozoic evolution of the northern Bristol
Bay region is interpreted to record the growth and
collisional demise of an intraoceanie voleanie are.
The Togiak terrane, characterized by long-lived,
intermediate composition voleanic aetivity and
depositional environments ranging from subaerial to
deep marine, is interpreted to represent the
voleanic edifice of a subduction-related voleanic
arc. The character of the basal sequence of the
Togiak terrane, as well as the low initial strontium
isotopic ratios (0.7037-0.7041) reported from over-
lying, post-orogenic voleanie rocks (Globerman and
others, 1984), suggest that it developed on a non-
continental base. The Goodnews terrane, charac-
terized by high-pressure metamorphism, predomi-
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nance of basaltic voleanic and pelagic sedimentary
components, and localized melange-like fabrie, is
interpreted as a subduction complex. which was
structurally emplaced against and beneath the
northwestern edge of the Togiak intrsoceanic arc.
The apparent synchroneity of amalgamation events
between the Goodnews and Togiak terranes with de-
formational intervals and voleanic histuses in the
Togiak terrane supports the concept that the Good-
news terrane was progressively emplaced along an
active southeast-dipping (present coordinates) sub-
duction zone. The Kilbuck terrane is interpreted as
a cratonal fragment of probable North American af-
finity. Underthrusting of the Kilbuck terrane be-
neath the combined Togiak-Goodnews arc complex
in Early Cretaceous time resulted in terminal are-
continent collision. The fact that amalgamation
events (and presumably subduction) repeatedly oc-
curred on the continentward flank cf the intra-
oceanic arc suggests that this are did not originate
as an offshore are separated from North America by
a backarc basin. Its association with th2 Early Cre-
taceous collision of Eurasia and North America sug-
gests that this arc may have developed offshore of
the Eurasian continent (Box, 1985b). The original,
post-collision position of the amalgameted Kilbuck-
Togiak-Goodnews terranes is obscured by the appar-
ent Late Cretaceous displacement of the Kilbuck
against the Nyack terrane, another Jurassic and
Cretaceous voleanic are. The Kilbuck terrane was
probably originally contiguous with the
metamorphic Ruby terrane to the northeast, while
the Nyack and Togiak terranes may heve originally
been end-to-end continuations of a single voleanie
arc trend. Late Cretaceous right-lateral faulting
along northeast-trending faults (i.e., Icitarod-Nixon
Fork, Susulatna lineament) may hav2 sliced the
amalgamated Kilbuck-Goodnews-Togiak terranes
from the southeastern flank of the Ruby terrane and
transported them southwestward, resulting in
repetition of the arc terrane.

REFERENCES CITED

Box, S. E., 1985a, Mesozoic tectonic evolution of
the northern Bristol Bay region, southwestern
Alaska: Santa Cruz, University of California,
unpub. Ph. D. thesis, 163 p.

Box, S. E., 1985b, Early Cretaceous orcgenic belt in
northwestern Alaska: internal organization,
lateral extent and tectonic interoretation, in
Howell, D. G., ed., Earth Science Series, v. 1,
Circum-Pacific Council for Energy and
Mineral Resources (in press).

Box, S. E., 1985¢c, Geologic setting of igh-pressure
metamorphie rocks, Cape Newenham area,
southwestern Alaska, in Bartseh-Winkler,
Susan, ed., The United States Geological
Survey in Alaska: Accomplishments during
1984: U.S. Geological Survey Circular 967,
this volume.



Dempsey, W. J., Meuschke, J. L., and Andreasen,
G. E., 1957, Total intensity aeromagnetic pro-
files of Bethel Basin, Alaska: U.S. Geological
Survey Open-File Report, 3 sheets, scale
1:250,000.

Globerman, B. R., Gill, J. B. and Batatian, Darlene,

1984, Petrochemical data from Upper
Cretaceous voleanic rocks—Hagemeister,
Crooked, and Summit Islands, Sw

Alaska (abs.): Geological Society of America
Abstracts with Programs, v. 16, no. 5, p. 286.

Griscom, Andrew, 1978, Aeromagnetic interpreta-
tion of the Goodnews and Hagemeister Island
quadrangles region, southwestern Alaska: U.S.
Geological Survey Open-File Report 78-9-C,
20 p., scale 1:250,000.

Hoare, J. M., and Coonrad, W. L., 1959, Geologic
map of the Bethel quadrangle, Alaska: U.S.

Geological Survey Miscellaneous Geologic In-
vestigations Map 1-285, scale 1:250,000.

Hoare, J. M., and Coonrad, W. L., 1961a, Geologic
map of the Hagemeister Island quadrangle,

Alaska: U.S. Geological Survey Miscellaneous
Geologic Investigations Map [-321, scale
1:250,000.

Hoare, J. M., and Coonrad, W. L., 1961b, Geologic
map of the Goodnews quadrangle, Alaska:
U.S. Geological Survey Miscellaneous Geologic
Investigations Map I-339, scale 1:250,000.

Hoare, J. M., and Coonrad, W. L. 1978, Geologic
map of the Goodnews and Hagemeister Island
quadrangles region, southwestern Alaska: U.S.
Geological Survey Open-File Report 78-9-B,
scale 1:250,000.

Jones, D. L., Silberling, N. J., Berg, H. C., and
Plafker, George, 1981, Tectonostratigraphic
terrane map of Alaska: U.S. Geological Sur-

vey Open-File Report 81-792, scale
1:2,500,000.
Moll, E. J.,, and Patton, W. W., Jr., 1981,

Preliminary report on the Late Cretaceous

and early Tertiary volecanic and related

plutonie rocks in western Alaska, in Coonrad,

W. L., ed., The United States Geological
Survey in Alaska: Accomplishments during
1980: U.S. Geological Survey Circular 844, p.
73-76.

Palmer, A. R., 1983, The Decade of North American
Geology 1983 geologic time scale: Geology, V.
11, no. 9, p. 503-504.

Turner, D. L., Forbes, R. B., Aleinikoff, J. N.,,
MecDougall, Ian, and Hedge, C. E., 1985, Geo-
logic and geochronologic studies of the Early
Proterozoic Kanektok metamorphic complex
of southwestern Alaska: Canadian Journal of
Earth Sciences (in press).

Reviewers: W. L. Coonrad and D. L. Jones

37

GEOLOGIC SETTING OF
HIGH-PRESSURE METAMORPHIC ROCKS,
CAPE NEWENHAM AREA,
SOUTHWESTERN ALASKA

Stephen E. Box

The occurrence of high-pressure mets morphic
minerals (lawsonite, blue amphibole) in the Cape
Newenham area of southwestern Alaska was report-
ed earlier by Hoare and Coonrad (1978a). This
report describes the geologie setting of these occur-
rences based, in part, on 1:20,000-scale rhoreline
mapping (Box, 1985a). The map area (fig. 29) inclu-
des parts of the Goodnews and Togiak terranes (Box,
1985a; 1985b), and is divided into three structural
units separated by low-angle faults (from bottom to
top): (1) an unfoliated unit of caleareous sedi-
mentary and basaltie rocks (Goodnews terrene, Pla-
tinum subterrane); (2) a foliated unit (Goodnews ter-
rane, Cape Peirce subterrane); and (3) an unfoliated
mafic igneous suite (basal part of the Hagemeister
subterrane of the Togiak terrane).

The strueturally highest unit (unit 3) is infor-
mally termed the dismembered Newenharh ophio-
lite, and its components are listed in table . Upper
Triassic cherts within the basalt section (Box,
1985a) are tentatively interpreted to cate the
igneous development of the entire ophiolite,
although supporting geochronologic and geochemical
data are not available. Prehnite-pumpellyite facies
mineral assemblages are characteristic of these
unfoliated rocks, but gabbros locally range into
lower greenschist facies. The underlying fault
surface variably places basalt, diabase, or g<bbro on
the structurally underlying schist unit. West of
Security Cove, a narrow, conspicuously cr=nulated
greenschist facies mylonite zone ocecurs in gabbro
along the basal contact. Blue amphiboles occur
rarely in unfoliated basalt just above the contact
east of Cape Peirce.

Structurally below the dismembered ophiolite
are schistose metamorphic rocks (unit ) which
record predominantly greenschist- to pumpellyite-
actinolite-facies metamorphism (facies terminology
of Turner, 1981). Blue amphibole and lawsonite
have been observed only in rocks of the Security
Cove window (fig. 29), and their sporadie occur-
rence within typical greenschist-facies assemblages
suggests that these rocks record transitionel green-
schist- blueschist-facies metamorphism. Typical min-
eral assemblages are listed in table 10.

Low-angle faults divide unit 2 in the Security
Cove window into three nappes with contrasting
protoliths (fig. 29, table 10): an upper metabasaltic,
a middle metaconglomerate, and a lower, caleareous
metasedimentary-metabasaltic nappe.  Serpentin-
ized ultramafic rocks ocecur along the fault bounda-
ries and locally include blocks of unfoliated gabbro
and (or) trondhjemite. Only the upper napie is ex-
posed in the window around the Osviak River mouth,



—59

162°

-Kuskokwim Bay

T A

_Goodnews Bay _

Surficial deposits (Quaternary)

Goodnews terrane--Consists of:
Piatinum subterrane (unit 1)

oo Voicanic tonglomerate (age
unknown)

Basalts and calcareous
rocks (Permian)

Cape Peirce subterrane (unit 2)

Matic schist
Psammitic schist

Calcareous schist

Depositional contact

T T

~——~_ Intrusive contact
—

Ay -8B Location of cross-section

Security Cove window

EXPLANATION

Togiak terrane--Consists of:
Hagemeister sub*errane (unit 3)

v\; Basalt, diabase,and chert
(Late Triassic)

o Gabbro (Late Triassic?)

A

Serpentinized reridotite

Post—-amalgamation plutons—-—

//,‘\,{ Hornblende gabbro and diorite

(Middle Jurassic)

¥
4{’ Dunite to pyroxenite

(Middle Jurassic)

Low-angle fauit contact (teeth on upper plate)

Figure 29.-Generalized geologic map and cross sections of the Cape Newenham region,

southwestern Alaska (modified from Box, 1985a).

High-pressure metamorphic minerals are
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and the upper and middle nappes crop out in the
area south of Goodnews Bay.

Each of the three structural nappes of unit 2
records a synmetamorphic deformation (Dy), a late-
to post-metamorphic crenulation (D), and post-
metamorphic open folding (D4). The gecurity Cove
and Osviak River windows are culminations along
Dy anticlinoria. The lower and middle nappes re-
cord evidence of pre-metamorphic deformation (Dl)
of contrasting character (table 10). Dg synmeta-
morphic deformation apparently records the juxta-
position of the three nappes. Geometrical analysis
of orientations of Dy mineral lineations and
asymmetric fold axes (fig. 30A) suggests "top to the
NNE" motion during Dy. Dj crenulation microfolds
occur in conjugate pairs (fig. 30B) which, if inter-
preted as compressional features, suggest west- to
northwest-directed compression.

Metamorphism of unit 2 is constrained to pre-
Middle Jurassic time by crosscutting, unfoliated

Middle Jurassic plutons (Hoare and Coonrad, 1978b;
Box, 1985a). The lithologic similarity of the Upper
Triassie(?) Newenham ophiolite to the protoliths of
the subjacent upper nappe of unit 2 suggests the
latter is the structurally transposed equivelent of
the former. Metamorphism would therefore be
constrained to a Late Triassic or Early Jurassic
interval. A single Late Triassic K-Ar amphilnle age
(231.2+6.9 m.y.) from schist in the Security Cove
window supports this interpretation (W. K. Wallace,
ARCO Alaska, oral commun., 1983). Two samples
of schist from the Osviak River window gave 153+10
m.y. K-Ar mica ages, probably representing a later
thermal resetting of the mica argon ecloc“ (Box,
1985a).

The schistose rocks of unit 2 are faulted onto
unfoliated rocks of unit 1 along a southeast-dipping
fault south of Goodnews Bay (fig. 29). Unit 1 con-
sists of pillow basalt, volcaniclastie strata, and lo-
cally fossiliferous caleareous strata of Permian age

Table 9.--Characteristies of the dismembered Newenham ophiolite (unit 3)

Contact Secondary
Lithology Description Primary mineralogy relationships mineralogy Age constraints
Basaltic Angular, vesic- Plagioclase-clinopyroxene Stratigraphically Prehnite- Intruded by 186 m.y.
breccia ular breccias, porphyry with groundmass overlies basalt pumpellyite plutons, strati-
pillow brec- opaque minerals and chert sequence facies graphically above
cias, hyalo- Common glass shards Upper Triassic chert
clastite highly amygdaloidal
Chert Both inter- Radiolarian tests Interpillow pods Quartz-pyrite  Late Triassi» radio-
pillow and Quartz in basalt, bedded larians in bzdded
bedded, red Hematite sections above chert
and white basalt, locally
radiolarian overlain by pil-
chert low basalt and
cut by diabasic
sills
Basalt Mostly pil- Plagioclase-clinopyroxene Intruded by dia- Prehnite- Depositionally(?)
lowed, some porphyry with groundmass base sills, pumpellyite interbedded with
massive opaque minerals locally faulted facies Upper Triassic
interbedded Highly amygdaloidal over schists cherts
hyaloclas-
tite
Diabase Dikes, sills Plagioclase + clinopyroxene Sills in basalt- Prehnite- Intruded by 186 m.y.
and more mas- * olivine chert sequence pumpellyite pluton
sive bodies Dikes cutting to low
gabbro greenschist
Locally faulted facies
over schists
Trondhjemite Massive, partly Plagioclase + quartz Fault block mark- Transitional Unknown
recrystallized 5 percent mafic ing fault be- greenschist-
minerals tween two blueschist-
schistose units facies
Gabbro Mostly massive, Plagioclase + clinopyroxene Faulted over Low green- Unknown
complex poly- Minor olivine + orthopyroxene schists, locally schist
intrusive over diabase; facies
Locally pegma- locally as
titic blocks along
Layering rare faults separat-
ing schistose
units, cut by
rare mylonite
zones
Peridotite Mostly massive Dunite to harzburgite As blocks in Replaced by Unknown
Highly serpen- Olivine + orthopyroxene slickensided serpentine
tinized + spinel + elinopyroxene serpentinite minerals

marking fault
zones
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Table 10.--Characteristics of schistose nappe units of Cape Peirce subterrane (unit 2)

0¥

NAPPE D2 MAFIC-METAMORPHIC STRUCTURAL FEATURES
UNIT PROTOLITHS MINERAL ASSEMBLAGE D1 D2 D3 D4
Pillow basalt Plagioclase Not present Flattening + mineral Sporadic Northeast-trending
Basalt breccia Epidote foliation, conjugate open folds with
Mafic tuffs Chlorite Amphibole + plagioclase crenulation subhorizontal axes
Upper Chert Actinolite lineation, cleavage
Diabase Sphene Loeal mylonitization, (W to Nw-
Gabbro * Glaucophane No recognized folding directed
* Lawsonite horizontal
+ Pumpellyite stress)

Conglomerate Same as above Isoclinal Non-coaxial tight Loeal erenu-

Sandstone folding, refolding; flatten- lation

Shale Distension ing, and mineral cleavage
Middle  (Andesite plus of fold foliation; amphi- (2 sets)

minor ultra- limbs, bole and plagio-

mafite source) No cleav- clase lineation;

age cobble elongation
lineation

Caleareous Same as above Tight fold- Non-coaxial tight Loeal erenu-

sandstones (no lawsonite ing with refolding lation

Calcareous reported) axial (type 2 interference cleavage
Lower conglomerate planar fold patterns) (1 or 2 sets)

Limestone slaty Weak to strong mineral

Basalt cleavage foliation

Basaltie Amphibole + plagioclase

conglomerate lineation

Same as above

Same as above




(Hoare and Coonrad, 1978b), some of which were
deposited in a shallow marine environment. Undat-
ed voleanic conglomerates occur in the southeastern
part of the unit 2 exposure area. Unit 2 has been
subjected only to prehnite-pumpellyite facies meta-
morphism. Middle Jurassic gabbroic to peridotitie
intrusions cut aecross the contact between units 1
and 2 (fig. 29).

Unit 1 may be correlative with protoliths of
schists from the lower and middle nappes of the
Cape Peirce subterrane. The volcanic conglomerate
of unit 1, derived from vesicular porphyritic
andesite sources (probably the Togiak terrane), is
similar to protoliths of the middle metaconglomera-
tic nappe of unit 2. The interbedded calcareous
sedimentary and basaltic rocks of unit 1 resemble
the protoliths of the lowest nappe of unit 2. It is
tentatively inferred that the lower and middle
nappes of wunit 2 are structurally transposed
equivalents of unit 1. However, detailed geochem-
ical correlation and geochronologic work are
required to substantiate this.

In summary, the foliated, high-pressure meta-
morphic rocks near Cape Newenham (unit 2) appear
to be derived from the protoliths of the structurally
overlying (unit 3) and strueturally underlying (unit 1)
terranes. Metamorphism and terrane juxtaposition
occurred in Late Triassic or Early Jurassic time.
Juxtaposition was accomplished by north-northeast-
ward overthrusting of unit 3 over unit 2. Basal unit
3 (Hagemeister subterrane) is interpreted as the
base of an intraoceaniec voleanic are, while unit 1
(Platinum subterrane) is interpreted to represent an
unspecified type of oceanic plateau. Development
of metamorphic unit 2 (Cape Peirce subterrane) oc-
curred during collision and partial subduction of the
oceanie plateau beneath the voleanic are.

One puzzling relationship should be noted.
The abrupt metamorphic grade contrast between
basal unit 3 and structurally underlying unit 2 (i.e.,
prehnite-pumpellyite over transitional greenschist-
blueschist facies) implies removal of several kilo-
meters of the originally intervening rock column.
This suggests that this fault is actually a low-angle
normal fault (i.e., shallow over deeper crustal rocks)
and not a compressional thrust fault. Dg erenula-
tion microfolds (fig. 30B), which are most common
in unit 2 near the upper fault contact, might
actually be extensional crenulations (Platt and
Vissers, 1980) indicating E-W to SE-NW extension.
In this interpretation early NNE-directed
overthrusting was followed by WNW-ESE
detachment faulting. A similar case of extensional
reactivation of an original compressional fault has
recently been documented by Rhodes and Hyndman
(1984). Further detailed fabric studies along the
boundary of units 2 and 3 are necessary to elucidate
its kinematic history. The postulated extensional
deformation may have relevance to the rapid uplift
required for preservation of high-pressure mineral
assemblages (Lister and others, 1984).
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Figure 30.--Equal area stereonet plots of structural
data from schistose rocks of the Cape Peirce
subterrane (unit 2) of the Goodnews terrane.
(A), Dy lineations from Cape Peirce-Security Cove
window, Separation of fold axes of opposite
asymmetries across N. 18° E. line suggests rotation
of fold axes into transport direction during
overthrusting.  (B), Poles to Dg ecrenulation
cleavage from Osviak River window, witk arrows
indicating vergence direction of ecrenulation
microfolds. Inset illustrates conjugate reletionship
and inferred compressive stress direction.
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LATE QUATERNARY GLACIATION OF THE
PAVLOF BAY AND PORT MOLLER AREAS,
ALASKA PENINSULA

Florence R. Weber

The surficial geology map of Alaska
(Karlstrom and others, 1964), based on work com-
pleted in 1960, shows the location of numerous gla-
cial moraines on the Alaska Peninsula. Since then,
the following mapping programs have subdivided and
delineated these features in greater detail:
Detterman and Reed (1973) in the Iliamna quadran-
gle, Detterman and others (1981) in the Chignik and
Sutwik Island quadrangles, and Funk (1973) in the
Cold Bay area. Investigations are currently in pro-
gress in several other areas on the Peninsula. The
following is a preliminary report on results of one of
these studies accomplished as a part of a mineral
resources assessment of the Port Moller and
Stepovak Bay quadrangles centered in the Pavlof
Bay and Port Moller area (fig. 31).

Three major stades of probable lete Wisconsin
age are recognized in the area (fig. 31). These ad-
vances formed giant arcuate terminal moraines as
much as 95 km long at the head of Pavlof Bay; they
connect the main Alaska Peninsula to what was
once an island in the vieinity of Pavlof Voleano and
Mt. Dutton. A similar, but somewhat smaller, mor-
ainal are at the head of Cold Bay connects the Pen-
insula with another island formed by Frosty Peak
Voleano. In short, Pleistocene glaciation was a ma-
jor factor in building the southwestern end of the
Alaskan Peninsula from a series of voleenic islands.

Both Cold Bay and Pavlov Bay were the axes
of major glacial troughs. Positioning of the termi-
nal moraines clearly indicates that much of the gla-
cial mass forming them moved from the south and
southwest, originating on the eontinental shelf and
present-day islands in the Pacific O~ean. Port
Moller and Herendeen Bay, on the Berin= Sea side of
the Peninsula, are also glacial troughs. Remnants
of moraines encircle these bays also but are broken
and submerged under the Bering Sea at the bay
mouths. Port Moller and Herendeen terminal
moraines, and those on the northwest side of the
Peninsula between Cold Bay and Pavlof Bay and be-
tween Port Moller and Veniaminof Voleano, are of
lesser extent than those at Cold and Pavlof Bays
and may have originated along the present crest of
the Peninsula.

Three large terminal moraines loated at the
head of Pavlof Bay exhibit essentially the same
physical appearance and composition. The oldest is
divided into two parts on the northwest side, but
coalesces to form a single moraine on the north-
east. Nearly all have peculiarly subdued form when
compared to moraines of similar age and extent
seen elsewhere in Alaska; this may result from their
deposition in a marine environment and their subse-
quent erosion/truncation by sea-level changes.
Stream-cut exposures through these moraines show
the drift, for the most part, to be well stratified, a
characteristic of subaqueous deposition.

Bedrock areas of the Peninsula ere dissected
by anastomosing glaciated valleys (not shown on the
map). Between Mt. Dutton and Pavlof Voleano and
between Mt. Dana and Veniaminof Volerno, the sed-
imentary rocks that composed bedrock, reinforced
by the voleanic edifices, apparently blocked glacial
advance to the northwest from the continental
shelf. Part of the time, locally derived glaciers,ori-
ginating in the ice cap formed on these mountains,
furnished material for the lesser moraines mention~
ed above.

Few radiocarbon dates have be=n obtained,
due to a paucity of both good exposure~ with avail-
able material and time to search for them, so age-
dating of the glacial episodes is problematical. The
Port Moller moraines on the north sid: of the bay
have been dated by Detterman and others (1981).
The oldest opposing late Wisconsin mcraine on the
south side of the bay merges with the oldest of the
three at the head of Pavlof Bay. Thus, the suite of
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Pavlof moraines probably represents oldest to
youngest drift of the Kvichak, Iliamna, and
Newhalen stades of the Brooks Lake glaciation of
Muller (1953), as it does at Port Moller.

Because of differences in size and source
areas, the Port Moller and Pavlof Bay moraines do
not necessarily have the same clast content, al-
though the general topographic expression is similar
in relief, sharpness of crest, abundance of pothole
lakes, erosional dissection, and other characteris-
ties. Exotic fragments of petrified wood, derived
possibly from Tertiary continental shelf deposits,
are found in Pavlof and Cold Bay moraines (Funk,
1973), whereas local material, such as fragments of
Mesozoic fossil coquina and distinetive intrusive ig-
neous rock types found in the bedrock at the head of
Port Moller, are present in the Port Moller mor-
aines.  Andesitic volcanic rocks constitute the
major clast type in all moraines.

The age of glacial deposits southwest of the
Pavlof moraines is even more problematical and is
based entirely on photointerpretation; i.e., on the
appearance and succession of advances. Relative
ages of these deposits could be misidentified by as
much as a stade. The Cold Bay area is tentatively
reinterpreted by the use of Landsat and infra-red
photography unavaiable to Funk in 1973.

Remnants of older till on the Bering Sea coast
have significantly different physical appearance when
compared to the three major Pavlof Bay moraines
of late Wisconsin age. Highly modified knob-and-
kettle topography (noticeably more weathered and
subdued and supporting very few or no kettle ponds)
is present. These remnants lie north and west of, or
are overlapped by, deposits of the Brooks Lake
glacial advances and possibly represent the Mak Hill
Glaciation of Muller (1953) of inferred early
Wisconsin age north of Port Moller, as described by
Detterman and others (1981).

Glacial deposits in cirques, and small patches
of relatively fresh-appearing drift, can be found in
the large U-shaped valleys formed in the mountain
ranges making up the backbone of the Peninsula.
Deposits of two glacial episodes can be seen; they
are either contemporaneous with some of the
youngest of the Brooks Lake stades, or they repre-
sent Holocene (post-10,000 yr B.P.) events.

Glacial deposits and glacially carved forms
are ubiquitous on the islands on the Pacific Ocean
side of the Peninsula, but few of the deposits have
been dated or correlated to known glaciations.
Continuing investigation will undoubtedly reveal
complex relations between various glaciations, vol-
canic eruptions, and sea-level changes.
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SOUTHERN ALASKA

(Figure 32 shows study areas described.)

AGE OF
DEVONIAN IGNEOUS-ARC TERRANES IN THE
NORTHERN MOUNT HAYES QUADRANGLE,
EASTERN ALASKA RANGE

John N. Aleinikoff and Warren J. Nokleberg

Northern Mount Hayes quadrangle, north of
the Mount Gakona fault, is composed, from north to
south, of the Lake George, Macomb, and Jarvis
Creek  Glacier tectonostratigraphic  terranes
(Nokleberg and others, 1983; Nokleberg and
Aleinikoff, 1985) which oeccur in the southern part
of the Yukon-Tanana terrane (Jones and others,
1981). To the south, the Hayes Glacier terrane oc-
curs between the Mount Gakona and Denali faults
and includes the Pingston terrane of Jones and
others (1981) and Nokleberg and others (1983; 1984;
fig. 46, this volume). Metasedimentary, metavol-
canic, and metaplutonie rocks of these four terranes
are, in most areas, twice deformed and metamorph-
osed, first at amphibolite facies and later at green-
schist facies (Nokleberg and Aleinikoff, 1985). Gen-
erally, terranes to the north are higher grade than
those to the south (Nokleberg and Aleinikoff, 1985);
locally extensive granitic plutons of Cretaceous and
early Tertiary age intrude the Lake George,
Macomb, Jarvis Creek Glacier, and Hayes Glacier
terranes. This study summarizes U-Pb dating con-
ducted on seven metavoleanic and four metapluton-
ic samples from the four terranes, and summarizes
and revises earlier isotopic studies (Aleinikoff,
1984; Aleinikoff and Nokleberg, 1984a, b, 1985).

The Lake George terrane consists of a se-
quence of coarse-grained, multiply deformed, my-
lonitic pelitic schists that are intruded by augen
gneiss and schistose granodiorite. The Macomb ter-
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Figure 32.-~Map showing areas in southern Alaska discussed in this cireular.

rane consists of a sequence of fine- to medium-
grained mylonitic schists that are derived from
fine-grained clastic and calcareous sedimentary
rocks. The metasedimentary schists are intruded by
schistose quartz monzonite to quartz diorite. The
Jarvis Creek Glacier terrane consists of metavol-
canic and metasedimentary mylonitic schists and
local phyllonite. Metavoleanic schists are derived
mainly from andesite, quartz keratophyre, and les-
ser dacite and basalt; metasedimentary schists are
derived from varying amounts of fine-grained clas-
tie, caleareous, and volecanogenic sediments. The
Hayes Glacier terrane consists of metasedimentary
and metavoleanic phyllonites, in part derived from
many of the same protoliths as rocks in the Jarvis
Creek Glacier terrane. However, as discussed by
Nokleberg and Aleinikoff (1985), the Hayes Glacier
terrane differs from the Jarvis Creek Glacier ter-
rane in having different proportions of lithologies, a
lower metamorphic grade, and more intense defor-
mation.

In the northeastern part of the Mount Hayes
quadrangle, Devonian ages have been obtained for
metaigneous rocks in the Lake George, Macomb,
Jarvis Creek Glacier, and Hayes Glacier terranes.
U-Pb data from seven size fractions of zircons from
a metamorphosed schistose granodiorite in the Lake
George terrane yield an age of about 360 m.y.
(Devonian) (Aleinikoff and Nokleberg, 1985). This
age is about 20 m.y. older than batholitie intrusions

45

which are protoliths of augen gneiss to the north
(Aleinikoff, 1984; Dusel-Bacon and Aleinikoff, 1985;
Aleinikoff and Nokleberg, 1985).

Results from U-Pb dating of two metaplutonic
samples from the Macomb terrane and six metavol-
canic samples from the Jarvis Creek Glacier and
Hayes Glacier terranes in the northeastern part of
the Mount Hayes quadrangle yield scattered data

(fig. 33A, table 11) with 207Pb/206Pb ages ranging
from 363 to 1023 m.y. Evidence of inherited lead
from an approximately 2.0-2.3-m.y.-old source is
documented in the Yukon-Tanana Upland (Aleinikoff
and others, 1981; this study). However, the degree
of inheritance decreases markedly with a deer=asing
zircon grain size (table 11). In six of the eight
samples, the finest size fractions have

207Pb/206Pb ages near 370 m.y.; none of the frac-

tions have a 207Pb/206Pb age of less than 3€3 m.y.
Thus, a best-fit line was calculated through the ten
fine—grained fractions from these six samples and
has intercept ages of 10 + 38 and 372 + 8 m.y. (fig.
33A). This upper intercept age is analytically identi-
cal to that determined for three zircon size frac-
tions from a metavoleanic sample from the Hayes
Glacier terrane in the northwestern part of the
Mount Hayes quadrangle which yield an age of 373 +
7 m.y. (sample 80AAF039A; Aleinikof® and
Nokleberg, 1984b). These are the only data from an
individual sample from the Macomb, Jarvis Creek



Glacier, or Hayes Glacier terranes that fall along a
linear array (fig. 33A; fig. 46, Aleinikoff and
Nokleberg, 1984a). Data from other samples are
scattered.

We interpret these isotopic data to indicate a
Devonian age for the metaigneous rocks in the
Macomb, Jarvis Creek Glacier, and Hayes Glacier
terranes in the northeastern part of the Mount
Hayes quadrangle, but realize the inherent uncer-
tainty of grouping rocks from different terranes for
age determination. However, this interpretation is

consistent with independently determined ages dis-
cussed below for the Lake George, Hayes Glacier,
and Jarvis Creek Glacier terranes.

In contrast to the above ages, a previous study
(Aleinikoff and Nokleberg, 1984a) conzluded that a
metavoleanie sample (81ANK233A) frcm the Jarvis
Creek Glacier terrane in the northwestern part of
the Mount Hayes quadrangle was approximately 2.0
b.y. old (Early Proterozoic). Because this age is
controversial, an additional sample (82ANK031A)
was collected on strike about 0.5 Km east on the

Table 11.--Uranium-lead isotopic data for metaigneous rocks in the Macomb, Jarvis Creek
Glacier, and Hayes Glacier terranes, northeastern Mount Hayes quadrangle, eastern Alaska

Range

SAMPLE NUMBER  FRACTION U(ppm)  Pb (ppm) AGES (m.y.*)

ZOBPb/Z3SU 207Pb/2350 207py, 206y,
Macomb terrane
81ANK136B +150 547 33.4 312 343 565
-150+200 517 35.9 332 345 431
-200+250 524 33.7 334 343 407
-325 611 37.6 298 307 375
81ANK 234A +150 NM* 486 29.6 356 362 396
-250+325 NM 612 35.3 338 343 375
-325 NM 653 37.5 335 34C 370
Jarvis Creek Glacier terrane
80AAF040A +250 1,130 58.6 253 276 477
-250 518 38.4 301 314 416
80AAF030B +100 NM 1,003 66.3 333 436 1,023
-100+150 NM 1,151 65.0 278 340 791
-200+250 1,316 61.5 251 269 429
-250+325 1,329 59.8 248 262 388
-325 1,302 54.6 234 246 363
81ANK233A +100 Red 354 113 1,536 1,732 1,978
-100+150 Red 492 137 1,367 1,636 2,002
-150+200 Red 422 112 1,383 1,645 1,999
-100+150 Gray 2,012 156 424 652 1,545
-325 NM 466 115 1,256 1,547 1,971
81ANK235A -250+325 552 58.2 335 343 400
-325 466 45.8 332 337 375
81ANKO031A +150 NM 322 35.8 589 790 1,409
-250+325 NM 351 24.8 396 443 692
-325 NM 378 25.3 384 407 539
Hayes Glacier terrane

82ANK046A +200 541 43.6 345 368 512
-200+325 NM 596 42.9 331 344 433
-325 746 48.5 294 307 404
81ANK237A +100 422 26.4 340 421 896
-100+150 482 32.3 345 364 492
-325 666 37.4 302 312 385
80AAF039A +150 120 7.32 321 327 369
-250+250 135 8.80 347 350 372
-325 154 9.85 341 345 370

* NM - Non-magnetic fraction; m.y. - age in millions of years
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Figure 33.-Concordia plots of U-Pb data from
zircons from metaigneous rocks in the northern
Mount Hayes quadrangle, eastern Alaska Range
(A), Metarhyolite  samples (81ANK233A  and
82ANKO031A) from the Jarvis Creek Glacier
terrane. (B), Metaigneous rocks in Macomb, Jarvis
Creek Glacier, and Hayes Glacier terranes. Best-fit
line calculated only through data points shown as
circles. Square-shaped data points were not used in
regression calculations.

same ridge for U-Pb geochronologic studies. The U-
Pb ages of three splits of zircon from sample
82ANKO031A are distinetly lower than those from
sample 81ANK233A, suggesting a Devonian age of
extrusion (fig. 33B, table 11). Thus, data from two
samples within a single unit result in differing
interpretations. To resolve this conflict, an
additional split of 81ANK233A was carefully pre-
pared using a magnetic separator. A best-fit line
through the three smallest size fractions of
81ANK233A and the three previously mentioned
fractions results in concordia intercept ages of 364
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+ 9 m.y. and 2123 + 9 m.y. (fig. 33B). Two relatively
coarse-grained, gray and red fractions in
81ANK233A (fig. 33B) were excluded from the cal-
culations because: (1) the gray fraction contains
five times more U than the other fractions and the
location of its data point (fig. 33B) suggests modern
lead loss caused by metamictization and dilatancy;
and (2) the distance from the best-fit line of the red
point is in excess of analytical uncertainty, suggest-
ing multiple episodes of lead loss of undetermined
age. We interpret these results to indicate that the
protoliths of the Jarvis Creek Glacier metavoleanie
rocks were extruded at about 364+9 m.y. ago
(Devonian), having been derived from an Early Pro-
terozoic source. This inheritance age is consistent
with ages reported in previous studies in the Yukon-
Tanana Upland (Aleinikoff and others, 1981),

The above data and stratigraphie, structural,
and field interpretations (Nokleberg and Aleinikoff,
1985) indicate that the Lake George, Macomb,
Jarvis Creek Glacier, and Hayes Glacier terranes
represent, from north to south, successively shal-
lower levels of a single, now highly metamorphosed
and deformed Devonian submarine igneous ar2. The
augen gneiss to the north and east, derived from
Mississippian granitic plutonie rocks (Dusel-Bacon
and Aleinikoff, 1985), may represent deeper-level
parts of this are. The arc is interpreted by
Nokleberg and Aleinikoff (1985) as either an island-
arc containing a slice of continental crust which
contaminated the magmas, or as a submerged
continental margin are, with continental detritus
shed into a companion trench- and subduction-zone
system. A continental margin setting is indicated
also by the abundant quartz-rich schists in th2 Lake
George, dJarvis Creek Glacier, and Hayes Glacier
terranes, many with zircons containing Early
Proterozoic lead (Aleinikoff and others, 1984;
Dusel-Bacon and Aleinikoff, 1985).
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RECONNAISSANCE HYDROLOGY AND
SUSPENDED SEDIMENT ANALYSIS,
TURNAGAIN ARM ESTUARY,
UPPER COOK INLET

Susan Bartsch-Winkler, Richard P. Emanuel,
and Gary R. Winkler

Turnagain Arm estuary, a southeastern exten-
sion of Upper Cook Inlet near Anchorage (fig. 34), is
macrotidal, with a maximum semidiurnal range at
Anchorage of about 11.4 m. (Variation in Turnagain
Arm tide depends on daily tide range, wind, and
amount of precipitation.) Because of rapid shallow-
ing and the funnel shape of the estuary, a tidal bore
is produced when the tide enters the Arm. At the
mouth, low tide is delayed about one hour from the
time of low tide at the Anchorage tide station, lo-
cated about 12 km to the NE (fig. 34). At the head
(at Portage), about 85 km to the SE, delay in low
tide is 5-6 h past low tide at the tide station (table
12). Flood currents are stronger but of shorter dur-
ation than the ebb currents, in part due to this
flood-tide delay.

The Upper Cook Inlet area is in a subarctic
zone, lying in a transitional area between continen-
tal and maritime climates (Selkreig, 1972). Wind ve-
locity may be high, since Turnagain Arm serves to
channel easterly winds resulting from pressure dif-
ferentials between Gulf of Alaska and interior wea-
ther systems. Unofficial wind veloeity records at
Portage Glacier indicate equinoctial winds exceed-
ing 150 km/h (Selkreig, 1972; U.S. Forest Service,
unpublished data, 1982) and frequent 50-70 km/h
winds (Alaska Department of Transportation, 1969).

Like Upper Cook Inlet (Sharma and Burrell,
1970) and Knik Arm (Bartsch-Winkler, 1982), Turn-
again Arm is an area of contemporary deposition
(Bartsch-Winkler and Ovenshine, 1984). At low tide,
approximately 90 percent of the Arm is exposed as
elongate bars of easily eroded silt and fine sand
dissected by braided tidal channels of unknown
depth and texture. Nine glacial streams flow into
Turnagain Arm; of these, four have been measured
sporadically for discharge rates and record average
annual suspended sediment loads of 2.5 million tons
(J.M. Childers in Gatto, 1976).

A few oceanographic studies have been con-
ducted near the mouth (National Oceanographic and
Atmospherie Administration, 1979; Alaska Depart-
ment of Transportation, 1969). This is the first re-
porting of hydrological conditions in the estuary
above the intertidal limit.

Current veloeity measurements at a single
site in the part of Turnagain Arm located below low
tide level provide only a guide to tidal current char-
acteristics farther landward in the intertid-1 parts
of the estuary where bores form regularly (fig. 34).
Measurements taken at 3 m depth show sle~k high
water prevailing for less than 15 min and current
velocity reaching a maximum about 45 min after
the onset of flooding (Alaska Department of Trans-
portation, 1969). Conversely, peak velocity during
ebb tide occurs at mid-cycle. Measurements of
height in tide made during one cycle at several sites
in upper Turnagain Arm (fig. 35) confirm that the
slope of the flood surface level curve in a given ti-
dal cycle is slightly greater than that of the ebb
tide curve, implying faster current veloecitier during
the flood stage.

Table 12.--Difference in time of arrival of low and
high tides at selected sites in Turnagain Arm from the
published low and high tide times at the Anchorage
tidal station: (-), delay in time; (+), advance in time

Site Tide height  Tide delay at site
no. Date at Anchorage
Low High
(ft) (hr:min) (hr:min)

1 06/19/82 30.6 -0:50 —
2 05/16/81 28.1 -1:52 +0:08
06/18/82 29.2 -1:46 -0:21

06/19/82 30.6 -1:46 -—

3 06/19/82 30.6 -1: —

4 06/19/82 30.6 -2:19 —_

5 07/16/81 30.5 -4:09 —
08/07/81 20.3 -4:55 -1:15
09/23/81 26.8 -4:27 -1:20
06/19/82 30.6 -3:51 -0:42
06/26/82 26.1 -3:41 -0:49

6 06/19/82 30.6 -4:09 —

7 06/19/82 30.6 -4:37 —

8 06/21/82 34.7 -5:05 —

06/26/82 26.1 -4:38 —

9 06/19/82 26.1 ~-5:26 -—
06/21/82 30.6 -5:25 -1:10
06/26/82 30.6 -4:58 -1:01




Table 13.--Maximum and minimum values of suspended sediment and specific
conductance measurements from various sites and at various times during the tidal eycle,

May through September, 1981 and 1982, Turnagain Arm, Alaska.

Asterisk denntes

samples taken at three sites during the flood tidal eycle of 06/26/82

Specific Suspended
Site Date Conductance Values Sediment Values
No. (miecromhos) (milligrams/liter)
Maximum Minimum Maximum  Minimum
2 05/16/81 27,440 22,260 — —
06/18/82 22,230 390 4,440 180
5 07/16/81 7,100 120 2,000 210
08/07/81 890 100 1,960 210
) 09/23/81 5,770 160 1,230 40
06/19/82 16,080 170 2,790 130
06/26/82 *22,400 *760 *1,770 *40
8 06/21/82 12,950 275 4,200 110
06/26/82 *6,900 *160 *4,100 *5
9 06/26/82 *90 *70 *1,870 *90

Suspended sediment samples were collected
from tidal channel surfaces during both flood and
ebb tide (fig. 34). Sieve and hydrophotometer size
analyses indicate suspended sediment ranges from
very fine sand to clay; medium silt forms the
largest category of the total, averaging 35 per-
cent. In all samples, clay-size material ranges from
2 to 4 percent. Suspended sediment content at the
surface ranges from 4,440 mg/L at Hope (site 2) to
<10 mg/L at Portage (site 8)(table 13); maximum
values were recorded (1) during lowest ebb phases,
when bottom sediments in shallowing channels were
entrained, (2) just after the onset of flood tide when
the tidal bore occurred and current velocities in-
creased, and (3) on windy days when waves stirred
bottom sediment and wind incorporated sediment
from the exposed bars. At Portage, where tidal
channel depths are shallowest and the flood cycle
shortest, suspended sediment values peaked (4,200
mg/L) 30 min before and after low tide. Near the
mid-point in the Arm (Girdwood, site 5), values in-
crease abruptly on arrival of the bore and peak
(2,790 mg/L) 30-60 min afterwards. At Hope (site
2), maximum entrainment of sediment occurs at low
tide (4,440 mg/L), decreasing within 30 min to
levels typical of high tide stage (<200 mg/L). When
sea level is about 2 m, surface suspended sediment
values decrease. At slack high tide, as current ve-
locities slow and water depth is maximum, values
decrease to <100 mg/L. The bore and ensuing cur-
rents greatly increase entrained surface suspended
sediment up to mid-tide stage; however, high winds
and tidal currents can generate significant waves,
which reduce the effect of the bore. Apparently,
wind-waves combined with tidal currents may en-
train sediment on the surface to a water depth of

about 2 m, coincidentally the estimated maximum
height of the bore.

In Cook Inlet (fig. 34), average salinity values
decrease with increasing distance from the mouth
toward the head (Murphy and others, 1972). Mea-
surements at the mouth indicate an average salinity
of 31ppt (close to normal sea water average of
35 ppt), but near the head of Upper Coo% Inlet and at
mouth of Knik Arm, salinity values vary from 6 ppt
in the summer to slightly more than 20 ppt in the
winter (Murphy and others, 1972). Increase in sal-
inity in winter may be due to decrease in runoff and
increased solute segregation when sea water
freezes. The Susitna, Knik, and Matenuska Rivers
contribute approximately 70 percent of freshwater
discharged annually into Cook Inlet (Gatto, 1976).
During calm summer periods, freshwater is observed
to override saltwater, particularly near the Susitna
River mouth during high discharge (Murphy and
others, 1972), but near the mouth of Knik Arm at
Fire Island, a high degree of mixing oceurs (Murphy
and others, 1972).

During spring and summer morths, specific
conductance values, which are directly related to
salinity values (Hem, 1959), were reccrded at sites
in Turnagain Arm. Preliminary results show a
pattern of decreasing conductance heedward in the
estuary and seasonal and daily variability dependent
on runoff (fig. 36; table 13), similar tc the data for
Cook Inlet. In Turnagain Arm, specific conductance
has higher range and value at Hope (390-27,440
micromhos) and lower range and value at
Twentymile River (site 9) (70 and 90 micromhos —
essentially freshwater). Measurements made in
mid-May show higher conductance values than
samples taken later, reflecting lower runoff to
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Turnagain Arm from high-altitude snowmelt and
less rainfall in early spring.

Movement of the saline wedge within Turn-
again Arm can be successfully monitored using spe-
cific conductance measurements. Readings of spe-
cific eonductance in upper Turnagain Arm for a sin-
gle tidal cycle were taken at sites 5,8, and 9 on
June 26, 1982, during conditions of low precipitation
and calm weather (table 13). At Girdwood, the
most seaward station occupied that day,
conductance values increased 45 min after low tide
at the site, while at Portage, values increased 55
min after low tide there. At Twentymile River, the
most headward station, values did not increase,
indicating that the saline wedge did not reach the
head of the estuary. At both Girdwood and Portage,
conductance values continued to increase for a
period of 40 and 30 min, respectively, after high
tide at each site. In Turnagain Arm, circulation
patterns resulting from the Coriolis force may push
flood water along the south side and return it along
the north side of the estuary, so that ebbing water
continues to have high conductance values even
during lowering tide. These results indicate that
ebb and flood currents apparently flow along
separate paths within Turnagain Arm that coincide
with the expected Coriolis pattern. No successful
current tests have been conducted above the
intertidal limit to verify this theory.
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Figure 36.--Measurements of specific condue-
tance taken throughout the tidal cycle at var-
ious sites (see figure 34 for locations).

GRAVITY AND MAGNETIC MODEL
OF A PART OF THE 1984 TACT LINE,
CHUGACH MOUNTAINS AND
SOUTHERN COPPER RIVER BASIN

David L. Campbell and David F. Barnes

A model of anomalous density and magnetic
susceptibility bodies was constructed along the
southern part of the 1984 Trans-Alaskan Crustal
Transect (TACT) line in the Chugach Mountains and
southern Copper River basin (fig. 37; see also
Plafker and others, 1985; Fuis and others, 1985).

The profile follows the Copper River meridian
(approximately long 145° 19' W.) from lat 60° 45' N.
just south of Cordova Peak to lat 62° 15' N. near
Gulkana (fig. 38). The distance coordirate scale has
its origin at Richardson Highway Shot point 12 (at
Tiekel River) of the seismic refraction survey. The
southernmost shot point for the refraction work was
near coordinate -20; south of that point, the model
is not constrained by seismic data.

The aeromagnetic and complete Bouguer gra-
vity anomaly fields for the bodies shown in figure 37
were modeled using a program by Campbell (1983).
The bodies shown were assumed to extend unchanged
perpendicular to the plane of the section for
varying strike-length distances Y1 and Y2 (table
14), and then to be vertieally cut off [the "2 1/2-di-
mensional geometry" of Shuey and Pasquale
(1973)]. Y1 and Y2 were chosen to match strike
lengths of corresponding anomalies on the
aeromagnetic map. Exploiting the ccmplementary
strengths of the different geophysiesl techniques,
horizontal and near-horizontal interfaces were
located by the seismic work and vertical and near-
vertical interfaces were located by gravity and
magnetic anomalies. All bodies were essumed to be
magnetized in the direction of the eesrth's present
field, of 56400 nT magnitude, 76° inclination, and
28° easterly declination. The effective magnetic
susceptibility for each body (table 14) may include a
remanent magnetization component parallel to the
earth's field. Possible remanent magnetizations in
other directions were neglected in making this
model.

To get the observed gravity field profile, com-
plete Bouguer gravity anomaly values from all sta-
tions within 10 km of the Copper River meridian
were projected normally onto it. The observed gra-
vity profile is not closely controlled cver the Chu-
gach Mountains where there are few gravity sta-
tions. North of coordinate -10, however, the gra-
vity field has an average of more than 1 station per
km of profile. Observed magnetic fields were digi-
tized directly from contoured aeromagnetic maps
(U.S. Geological Survey, 1979a, b; Andreasen and
others, 1958) and generally reflect th= field along
the Copper River meridian. North of enproximately
coordinate 90, the Copper River meridian passes
over a magnetic feature which appeers to reflect
shallower basement rocks than those under the seis-
mic line which follows the Richardson Highway.
Here, the observed magnetic field represents values
along the Richardson Highway that are projected
onto the profile. Along most of the profile, all ma-
jor gravity and magnetic features are 1ong and trend
perpendicular to it, so that artifacts de to the pro-
jection process were minor and the 2 1/2-dimension-
al approximation used in the modeling was justified.

Neglecting short-wavelength highs that can
be ascribed to specific shallow sources such as the
Border Ranges mafic-ultramafie unit (Burns, 1983),
the observed gravity and magnetic fields are high
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Figure 37.--Gravity and magnetic models of possible bodies in the Chugach Mountains and
southern Copper River basin along the southern part of the 1984 TACT line. Light dot pattern
indicates body with anomalous density, coarse dot pattern indicates body with anomalous
magnetic susceptibility, and heavy dot pattern indicates body with both anomalous density and
magnetic susceptibility.  Most horizontal interface depths were determined by the seismie
refraction modeling of Fuis and others (this volume). GF = Gravina fault; BRF = Border Ranges

fault.

near the coast and decrease inland (northward), be-
coming relatively flat north of the Border Ranges
fault. This general trend was modeled by prOJectlng
the deep interfaces observed by the seismie refrac-
tion survey southwards to the vieinity of the conti-
nental slope and assuming that the projected higher
veloeity (7.6 km/s and greater) zones also have high
density and magnetic susceptibility. Bottoms of the
high density/susceptibility layers were taken at 34
km, a depth found by trial and error to give the best
shape for the regional fields. This depth could rep-
resent the Curie isotherm in the magnetic model
or the depth of regional isostatic compensation in
the gravity model.

Having defined the regional field in this way,
departures from it were aseribed to bodies in the

upper (<10 km depth) crust, many of which erop out
at the surface. Outcropping bodies proje~ted to
depth in the model include: body 4, a magnetic Ter-
tiary voleanic and sedimentary unit which oceurs at
the surface just to the southwest of the profile
{Winkler and Plafker, 1981); body 5, a Cretaceous
voleanie unit (Winkler and Plafker, 1981); bady 10,
the Border Ranges mafic-ultramafic unit of Burns
(1983); and body 11, the Talkeetna Formation
(Winkler and others, 1980). 1If possible, th= same
body was used to model both gravity and magnetic
fields. This was not possible for bodies 6 and 7,
where a gravity high falls substantially nortt of the
corresponding magnetic anomaly. Therefove, the
unit represented by bodies 6 and 7 was assumed to
be ecomposite, with a high-density part to the north,
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but moderately magnetie in both parts.

In general, a strong effort was made to
achieve agreement between seismie and potential
field models. This effort failed over the Copper Ri-
ver Basin, where the depth to seismically-modeled
basement is about twice the value we prefer. This
discrepancy may be due to layers of well-indurated
sedimentary rocks in the basin fill that are too thin
to be resolved by any of our present data. Body 11,
the Talkeetna Formation, schematically represents
such a well-indurated zone, but true definition of its
properties or position at depth is not possible from
the potential field data.
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Table 14.--Parameters for interpreted bodies shown in figure 37. Y1 and Y2 are distar«es the
bodies are assumed to extend in front of and behind the plane of the figure, respectively. Listed
density values represent differences from densities gf a reference section supposed here to have
2.67 g/em* density to 8.8 km depth and 2.90 g/em® density from 8.8 km to 34 km deptt. Many
other reference sections may be devised, however, which would lead to as good or better
agreement with lithologies and measured seismic velocities. Listed velocity values are taken
from Fuis and others (1985). In order to match the observed gravity field, a constant value of
82 mGal was added to the gravity fields calculated for the bodies listed. HVL = high-velocity
layer; LVL = low-velocity layer; serp = serpentinized; um = ulramafie; Ct = Chugach ter-ane; Pt
= Peninsular terrane: CRB = Copper River basin

Body Y1 Y2 Densit Susceptibility Velocity Represents
(km) (km) (g/cm3 ) (egs) (km/s)

1 100 100 0.10 0.005 8.0 um HVL in subducted plate

2 100 100 0.05 0.001 8.0 mafic HVL in subducted plate

3 100 100 0.05 0.001 7.6 mafie HVL in subducted plate

4 7 7 0.0 0.0016 - Tertiary volcanic and sedimentary rocks

5 3 14 0.0 0.004 - Cretaceous voleanie rocks

6 60 60 0.0 0.0019 - serpentinized(?) mafie rocks

7 60 60 0.25 0.0014 6.8-7.1 mafic rocks

8 40 60 0.0 0.0012 5.7 serp(?) mafie LVL; base of Ct and Pt

9 25 60 0.13 0.0 5.8 subunit of Border Ranges mafic-ultramrafic unit
¥10 40 60 0.14 0.0025 6.1-6.4 Border Ranges mafic-ultramafic unit, Pt basement

11 25 60 0.11 0.0 4.6? Talkeetna Formation

12 25 60 -0.37 0.0 2.0-4.6 CRB sedimentary rocks
*13 15 3 0.23 0.0031 — um intrusion in Pt basement

*Body 13 is set within body 10. Bodies 10 and 13 extend northward to 130 km on the
distance scale.
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Middleton Island quadrangles, southern
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port 81-1164, scale 1:250,000.
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BEDROCK MAPPING OF REMOTE AREAS
USING MEDIAL MORAINE DEBRIS
FROM ACTIVE GLACIERS,

MT. HAYES AND HEALY QUADRANGLES

Edward B. Evenson, George C. Stephens,
and David E. Detra

A four-year investigation of the use of supra-
glacial (medial moraine) debris as a tool for mineral
exploration and bedrock mapping was completed in
1984.The primary objective of this study was to test
the hypothesis of Evenson and others (1979), which
stated that debris-in-transit in medial moraines
could be used to conduct mineral exploration and
reconnaissance bedrock mapping in remote, inacces-
sible, actively glaciated, mountainous areas. A
second objective was to develop and refine the most
economical, aceurate, and expedient sampling me-
thod and to test its reliability and reproducibility.
Preliminary results from this study have been re-
ported by Evenson and others (1981, 1983, 1984a,
1984b), Stephens and others (1981, 1983), and
Evenson and Stephens (1978).

In the winter of 1982-83, lithologic data col-
lected during the summers of 1980-82 were used to
prepare a moraine-based geologic map of the Tri-
dent-Susitna-Hayes-McGinnis catchment area. This
map was prepared using data on boulder, cobble, and
pebble lithology in conjunction with air photo analy-
sis. From this data base, we identified and mapped
the distribution of five distinet lithologic units: (1)
younger non-foliated granite; (2) phyllite and schist;
(3) gabbro and leucogabbro; (4) gneiss; and (5) mar-
ble with interbedded phyllite. In addition, such eri-
teria as fold style, cross-cutting relationship, type
of igneous contact and planar features (joints, small
faults, veins, ete.) were utilized to delineate the
style and orientation of major structures (Evenson
and others, 1984b). The orientations of major litho-
logic contacts and foliation patterns were added
from air photo interpretation and logical extrapola-
tion of rock type from valley to valley. The result-
ant moraine-based geologic map indicated that the
catchment area of Trident Glacier is composed of
well-foliated, isoclinally folded, east-west trending
schist and phyllite with minor interlayered quartzite
and marble, discordantly intruded by one granitic
and one gabbroic igneous body (Evenson and others,
1984b). The Susitna catchment area, although com-
posed of similar lithologies, has signifiecantly more
marble, including an area dominated by white,
coarsely crystalline marble of approximately 16 sq
km located approximately 4 km south of Mt.

55

Hayes. The high catchment areas of Hayes and
MeGinnis Glaciers are composed of a mixture of the
above lithologies, while the lower areas of these
two glacial systems are composed almost entirely of
metasedimentary rocks (i.e., schist, phyllite, and
quartzite). After extensive reconnaissance field
checking in 1984, we determined that this method
of producing a moraine-based geologic map is
accurate.

During the 1980-83 field seasons, we collected
fine-grained samples from each moraine in the glac-
ial catehment system for geochemical analysic. The
nonmagnetic heavy-mineral fraction of each sample
was analyzed by a 3l-element semiquantitative
emission spectrographic technique, with 151
samples analyzed from Trident, Susitna, Hayes, and
McGinnis Glaciers. Anomalous elemental values are
chosen on the following basis: a first-order anomaly
contains the highest two percent of the total
population; a second-order anomaly contains the
highest five percent of the total population. The
location of anomalous values and the fine-grained
sample geochemistry corresponds to the geology of
the catechment area.

In order to test the reliability of our sampling
technique, a study was undertaken along a litlnlogi-
cally diverse moraine in the Trident Glacier sys-
tem. At five sites 100 m apart, five geochemical
samples, and 50 pebbles were collected, ani five
cobble- and boulder-counts were performed. Thus,
a total of 25 geochemical samples and correspond-
ing pebble, cobble, and boulder counts were inclu-
ded. Due to the small geochemical sample size and
the small number of pebbles, cobbles, and bculders
counted at each site, considerable site-to-site var-
iability exists, but is less than the average mcraine-
to-moraine variability. Our preliminary results in-
dicate that the reproducibility of data on any given
moraine is good, and site-to-site variability can be
reduced by increasing the number and size of geo-
chemical samples and the number of pebbles, cob-
bles, and boulders counted.

Preliminary results of this four-year project show
that a rapid, efficient, and accurate technique
for reconnaissance bedrock mapping in high, moun-
tainous, alpine-glaciated regions has been d«velo-
ped.
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PRELIMINARY RESULTS OF TACT 1984
SEISMIC-REFRACTION SURVEY
OF SOUTHERN ALASKA

Gary S. Fuis, Elizabeth L. Ambos,
Walter D. Mooney, Robert A. Page,
and David L. Campbell

In the first field season (1984) of the Trans-
Alaska Crustal Transeet (TACT) program (see also
Plafker and Nokleberg, 1985), we collected about
500 km of seismic-refraction data in southern
Alaska. We designed the survey to outline, in 3 di-
mensions, the crustal structure within, and bounda-
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Figure 38.—-Index map of southern Alaska showing
location of terranes (Chugach, Peninsular, and
Wrangellia) and seismic-refraction survey line.
Shaded strips indicate instrument deployments; solid
circles are shot points. Data for shot points 8 and
20 (SP8 and SP20) are shown in figures 41 and 39.
BRF, Border Ranges fault. AA' = profile modeled
for gravity and magnetic features (Campbell and
Barnes, 1985).

ries between, the Chugach, Peninsuler, and Wran-
gellia terranes. The survey consisted of 3 lines (fig.
38) comprising 4 deployments of 120 instruments
each. Each line was approximately 140 km long,
with offset shots extending the lines to as much as
240 km. Instruments were spaced approximately
1 km apart, and shots were spaced en average of
25 km apart on N-S lines across the structural grain
and an average of 50 km apart on E-W lines parallel
to the structural grain. In practice, lines as long as
240 km can resolve velocity structure to depths of
30-50 km. We used USGS cassette ceismie reecor-
ders (Healy and others, 1982), each containing a 2-
Hz seismometer, 3 pre-set amplifiers, and a pro-
grammable memory controlling turn-on and turn-off
times. Shots generally consisted of £00 kg of am-
monium nitrate placed in drilled holes (50 x 0.15 m)
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along roads or in lakes (15-20 m deep) along off-
road segments of deployments. Offset shots were
2-3 times larger.

We present here preliminary velocity modeling
and geologic interpretation of data from two abut-
ting profiles, the Chugach line and the South Rich-
ardson line (fig. 38). The Chugach line was oriented
E-W at the latitude of Valdez, within the Chugach
terrane. Recorders were deployed by helicopter
along river valleys in the Chugach Mountains, and
shots were detonated in lakes. The South Richard-
son line extended south from the vicinity of Glenn-
allen to the Chugach line. It crossed the Copper
River Basin, beneath which are buried the Peninsular
and Wrangellia terranes, and the northern Chugach
Mountains, underlain by the Chugach terrane. This
line was deployed along the Richardson Highway,
paralleling the trans-Alaska oil pipeline, except for
the southern 25 km, which was deployed by heli-
copter.

Data from the Chugach line are grossly simi-
lar from shotpoint to shotpoint implying little later-
al velocity change. Data from shotpoint 20, for ex-
ample, are characterized by a short (15-km) 5.5-

57

km/s branch of arrivals, long (65-km) 6.9-and 7.1-
km/s branches, and a prominent series of reflected
and refracted arrivals with cusps, or critical reflec-
tions, at 50, 70, 100, and 120 km (fig. 39A). (Note
that velocities quoted are modeled refractor veloci-
ties and not necessarily apparent velocities.) Re-
fracted branches in the latter series have velocities
of 7.6 km/s and greater. Shadow zones are seen
(where refracted branches die out and are offset in
time from succeeding reflected branches), indica-
ting the presence of low-velocity zones (fig. 40).
The one-dimensional structure determined from
data for shotpoint 20 indicates a thin (3-km) layer
with a veloeity of 5.5 km/s, and thick (6-km) layer
with a velocity of 6.8-7.1 km/s (with one minor
internal low-velocity zone), and a series of major
low-velocity zones alternating with layers having
veloeities of 7.6 km/s and greater (fig. 39B).

Data for the South Richardson line differ from
shotpoint to shotpoint implying strong lateral velo-
city changes. The data from shotpoint 8 (fig. 41A)
in the Copper River Basin show low velocities (2.0-
4.9 km/s) corresponding to sedimentary and volcanic
units in the basin, and a long (35-km) 5.9-km/s
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Figure 40.--Tutorial model of arrivals associated with a low-velocity zone. (A), Hypothetical
travel-time curve. (B), Hypothetical model with low-velocity zone (LVZ). Ray paths are shown
in model for certain arrivals and are numbered in order of decreasing takeoff angle (angle
measured from downward vertical): rays 1 and 6—refractions in layers above and below LVZ,
respectively; ray 2—last ray in upper layer unaffected by LVZ; ray 3—first ray diverted into

LVZ;

ray 4—critical reflection from base of LVZ; ray 5— refraction in layer below LVZ.

Shadow zone and travel-time delay are seen beyond arrival of ray 2. This pattern is repeated
five times in figure 39a, but in the first instance, reflection and refraction from base of LVZ
are indistinguishable and are shown with solid line in distance range 40-100 km.

branch with early arrivals over the Tonsina mafic-
ultramafic body (Jmp, fig. 41B) at the south edge of
the Peninsular terrane. Like the Chugach line, this
line shows at least two prominent pairs of reflection
and refraction branches that are offset from the
5.9-km/s branch and from each other. The layers
generating these branches have velocities of 6.45
and 7.6 km/s. It is important to note that
reflections from the 6.45-km/s layer have bottom-
ing points beneath the Tonsina mafic-ultramafic
body and the north part of the Chugach terrane,
indicating that this layer cuts across the deep
projection of the Border Ranges fault, the boundary
between the Chugach and Peninsular-Wrangellia
(composite) terranes (fig. 38). The two-dimensional
model for the South Richardson line (fig. 41B) has
been constrained by data from 7 shotpoints and by
modeling of aeromagnetic and gravity data that
were of importance in determining the shape of
both the Tonsina mafie-ultramafic body (Jmp) and
the wedge of 6.8-7.1-km/s material (Kmp) at the
southern end of the line. The Peninsular-Wrangellia
(composite) terrane, located beneath the low-
velocity rocks of the Copper River Basin, is
characterized by a 5.9-km/s basement overlying a
6.1-6.4-km /s body which corresponds to the Tonsina
mafic-ultramafic body. The Peninsular-Wrangellia
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(composite) terrane is underlain by a low-velocity
zone with a base at about 9 km depth, below which
velocity increases to 6.45 km/s. The Chugach
terrane is similar in that a 5.5-5.9 km/s basement
overlies a 6.8-7.1-km /s mafic/ultramafic complex in
the southern part of the terrane. Furthermore, a
low-velocity zone with a base at about 9 km depth
underlies most of the terrane, and velocities of
6.45-7.1 km/s are found below it. A major low-
velocity zone overlies a 7.6-km/s layer, that dips
northward about 4 degrees. The dip changes to
about 13 degrees near the northern edge of the
Chugach terrane. The 6.45-km/s and 7.6-km/s
layers, together with their overlying low-velocity
zones, cut across the deep projection of the Border
Ranges fault dividing the Peninsular-Wrangellia
(composite) and Chugach terranes. The preliminary
geologic and tectonic interpretation superimposed
on the velocity model (fig. 41B) shows the Chugach
and Peninsular-Wrangellia (composite) terranes
uplifted on southward-verging thrust faults that
flatten to the north into the uppermost low-velocity
zone. The mafic-ultramafic bodies in the lower
parts of each terrane are exposed (Jmp, fig. 41B) or
nearly exposed (Kmp, fig. 41B) on the southern sides
of the terranes. These terranes have apparently
moved relatively southward over a lower crust of
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Figure 41.-Seismic refraction data from the South Richardson line. (A), Record section for
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(B), Two-dimensional velocity model. Numbers, in km/s, are velocities. Low-velocity zones
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text). Heavy lines are faults, with arrows showing sense of displacement. Jmp, Kmp; Jurassie
and Cretaceous mafic-ultramafic plutonic bodies, respectively. Unit Jmp crops out, and is
called the Tonsina mafie-ultramafic body. BRF, Border Ranges fault separating the Chugach

and Peninsular-Wrangellia (composite) terranes.

unknown, but possibly oceanie, origin. Subduection
assemblages may be represented by layers with
velocities of 7.6 km/s and greater (oceanic mantle
rocks), and overlying low-velocity zones (oceanic
crust). At least four such assemblages may be
present. = The Wrangell Benioff 2zone is about
25-40 km deep in the vicinity of shot point 12 (SP12,
fig. 41B), based on earthquake depths (Stephens and
others, 1984), and may be associated with the lower
two inferred assemblages. The wupper two
assemblages may lie above the ecurrently active
subduction megathrust and be subjoined to the
upper, or continental, plate.
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PALEOMAGNETISM OF SEDIMENTARY ROCKS
PRINCE WILLIAM AND YAKUTAT TERRANES

John W. Hillhouse and C. Sherman Gromme

Early Tertiary sedimentary rocks were the
subject of a paleomagnetic survey along the Gulf of
Alaska from Hinchinbrook Island eastward to Cape
Yakataga. Oriented samples were collected from
the Orca Group of Paleocene and Eocene(?) age in
an attempt to determine the original paleolatitude
of the Prince William terrane (Jones and others,
1984). There is reason to suspect that the Orca
Group has moved northward relative to cratonic
North America, because paleomagnetic data from
the early Tertiary Ghost Rocks Formation, which is
considered part of the Prince William terrane on
Kodiak Island, indicate 2,000 km of northward
displacement since Paleocene time (Plumley and
others, 1983). We also sampled Eocene and
Oligocene sedimentary rocks within the Yakutat
terrane (previously referred to as the Yakutat
block), which is currently part of the Pacific plate
(Plafker and others, 1978). Estimates of the total
northward displacement of the Yakutat terrane vary
from 2,000 km based on paleontology (Bruns, 1983),
to about 550 km based on geologic data (Plafker;
1983, 1984).

We collected samples for paleomagnetic study
from well-indurated siltstone layers within turbidite
sequences of the Oreca Group. These lithofeld-
spathic sedimentary deposits were derived from
predominantly voleanic sources and were deposited
as part of a deep-sea fan (Winkler, 1976; Winkler
and others, 1976). The Orca Group has undergone
complex deformation and metamorphism to
laumontite and prehnite-pumpellyite facies. Our
samples are from two sites on Hinchinbrook Island,
Point Martin near Katalla, and Orca Inlet near
Cordova (localities 1-4; fig. 42). The four sites are
represented by a total of 114 independently oriented
specimens. The natural remanent magne,}ization
(NRM) of the specimens are very weak (10™¢ to 10-

emu/cm3) and the NRM field directions are poorly
grouped. Approximately 15 percent of the
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specimens were treated to remove unstable
components of magnetization by wusing the
alternating field (AF) method to 1,000 Oersteds and
then heating companion specimens in field-free
space to 600° C. Both AF and thermal demagneti-
zation treatments failed to isolate stable magnetic
directions, as the remanence exhibited erratic di-
rectional changes above 200 Oersteds and 250° C.
Treatments below these values revealed poorly de-
fined downward directions, indicating that the rocks
were magnetized by the modern geomagnetic field
long after the rocks were deformed. The Orca sedi-
mentary rocks apparently do not preserve magneti-
zations of detrital origin, so a tectonic interpreta-
tion cannot be made from the paleomagnetic data.
Lower Tertiary sedimentary rocks of the
Yakutat terrane were collected from the Paleocene
to Oligocene Kulthieth and upper Eocene to lower
Miocene Poul Creek Formations (localities  5-10;
fig. 42). Arkosiec sandstone and siltstone (middle
Eocene) were sampled from the lower part of the
type section of the Kulthieth near Kulthieth Lake
(17 specimens). The upper part (Eocene and
Oligocene) of the Kulthieth Formation was sampled

near Watson Glacier (36 specimens). In the study
area near Yakataga, the Kulthieth Formation
consists of shallow marine and continental

sedimentary rocks with abundant coal (Plafker,
1971; Winkler and others, 1976). We also collected
156 specimens from the overlying Poul Creek
Formation on Wingham Island, at Yakataga Glacier,
and at two sites at Watson Glacier. The Poul Creek

270
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Figure 43.--Equal-area plot of mean magnetic field
directions (with 95 percent confidence circles) after
AF treatment of pilot specimens from the Yakutat
terrane. Arrows indicate changes in directions
caused by correcting for tilt of the bedding. Sites
numbered as in figure 42, with site 7 omitted due to
its unacceptably large confidence limit. Triangle
denotes present geomagnetic field direction in study
area.
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Figure 42.--Geologic map of the study area (modified from Plafker, 1967).

Paleomagnetic

sample localities: 1-4, Orca Group; 5, Kulthieth Formation at Watson Glacier; 6,8, Poul Cre<k
Formation at Watson Glacier; 7, Kulthieth Formation at Kulthieth Lake type section; 9, Poul
Creek Formation at Yakataga Glacier; 10, Poul Creek Formation at Wingham Island. Key to
geologic symbols: Qs, surficial deposits (Quaternary); QTy, Yakataga Formation (Quaternary and
Tertiary); Tp, Poul Creek Formation (Tertiary); Tk, Kulthieth Formation (Tertiary); Tu,
sedimentary rocks, undivided (Tertiary); To, Orea Group (Tertiary); Ksv, sedimentary and

voleanie rocks (Cretaceous).

is marine siltstone and subordinate sandstone and, in
general, is less deformed and indurated than the
older Tertiary rocks of the region.

Like the Orca collection, pilot specimens from
Kulthieth and Poul Creek collections were given AF
and thermal demagnetization treatments in an at-
tempt to remove unstable magnetic components.
Typically, the weak NRM (1078 emu/em3) was
reduced in intensity by 90 percent after being par-
tially demagnetized in alternating fields of 200-300
Oersteds, or after heating to 300° C. Further de-
magnetization of the specimens in greater alterna-
ting fields or higher temperatures resulted in erra-
tic changes in the magnetic directions. Both treat-
ments isolated magnetic directions that were inclin-
ed steeply downward and toward the north before
corrections for tilt of the bedding were applied.
Results from the AF treatments are shown in figure
43. The angular dispersion of magnetic directions
increased significantly when the bedding corrections
were applied, indicating that the magnetization
postdates folding of the strata. As we found in the
Orca Group, the original detrital magnetizations of
the Kulthieth and Poul Creek Formations are not
preserved at our sampling localities. Therefore, we
were unable to determine original paleolatitudes
from Tertiary sedimentary rocks of either the
Prince William or Yakutat terranes.
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NEW EVIDENCE FOR ACTIVITY ON THE
TALKEETNA SEGMENT,
CASTLE MOUNTAIN-CARIBOU FAULT SYSTEM:
THE 1984 SUTTON EARTHQUAKE

John C. Lahr, Robert A. Page,
Kent A. Fogleman, and Christopher D. Stephens

The Castle Mountain-Caribou fault system in
southern Alaska extends about 200 km from the Su-
sitna River ENE across the Susitna Lowland and the
southern margin of the Talkeetna Mountains to the
edge of the Copper River Basin (fig. 44). The fault
system passes 40 km from Anchorage, 15 km from
Palmer, and 10 km from Wasilla. Because of its
proximity to the principal population center of
Alaska, the seismic potential of the fault system is
an important issue. Although future earthquakes as
large as magnitude 7.25-8.5 (M) have been postula-
ted for the this fault system m various seismic ha-
zard studies (Patwardhan and others, 1980;
Thenhaus and others, 1985), there is considerable
uncertainty regarding the length of the fault that is
active, and the maximum size and rate of occur-
rence of future earthquakes.

The Castle Mountain-Caribou fault system is
divided into two segments (Detterman and others,
1974); the western, or Susitna segment, and the
eastern, or Talkeetna segment. Although the Susit-
na segment of the fault system has long been recog-
nized as active on the basis of Holocene scarps
(Detterman and others, 1974), definitive geologic or
seismic evidence concerning the activity of the
Talkeetna segment has been lacking (Detterman and
others, 1976). The closest large historie earthquake
to the fault system was a magnitude 7.0 Mg that oc-
curred in 1933 with an epicenter located 16 km
south of the Susitna trace. Within the uncertainty
of the epicenter location, this event may have oec-
curred on the fault.

On August 14, 1984, a magnitude 5.7 my, (5.2
M) earthquake occurred 7 km north of Sutton in the
v1c1mty of the mapped trace of the Talkeetna seg-
ment. No surface breakage was discovered in an
aerial reconnaissance and ground inspection of the
fault conducted two weeks after the earthquake
(T. P, Miller, USGS, oral commun., August

29, 1984). Well-located hypocenters for 35
aftershocks (fig. 44, inset) oceurring between Aug-
ust 14 and September 25 define a buried planar zone
striking parallel to the mapped trace and dipping
nearly vertically northward, with dimensions of
12 km along strike and 8 km down-dip. The most
shallow of these events is located at 12 km depth;
the absence of shallower events is consistent with
the lack of observed surface breakage. The main
shock is located at 20 km depth, near the depth of
the deepest aftershocks. Within the uncertainty of
the data, the main shock and aftershocks can be as-
sociated with a single, steeply north-dipping fault,
consistent with the mapped trace of the Talkeetna
segment.

The focal mechanism of the mein shock was
determined from 65 P-wave first motions, primarily
at regional distances (fig. 44). The slip plane is in-
ferred from the close correspondence between the
ENE-striking nodal plane and the attitude of the
aftershock zone. Thus, the earthquake involved
dextral slip on the ENE nodal plane consistent with
the sense of lateral Holocene offsets on the Susitna
segment (Detterman and others, 1976).

The Sutton earthquake sequence supports the
conjecture of previous authors (for example,
Woodward-Clyde Consultants, 1980; Thenhaus and
others, 1985) that the Talkeetna segment of the
fault system is active. In addition, & re-examina-
tion of the locations of small earthquakes recorded
since 1971 by the southern Alaska regional seismo-
graph network suggests association of a few scat-
tered earthquakes with that part of the Talkeetna
segment west of the bifurcation of the Castle
Mountain and Caribou faults. For tte purpose of
hazard evaluation, therefore, at least 130 km of the
Castle Mountain-Caribou fault system should be
considered active, from the westernmo-t location of
Holocene offset near the Susitna River to the bi-
furcation of the Caribou fault at about 148.5°W.
Considering the distribution of magnitude versus
rupture length for previously studied earthquakes
(Slemmons, 1977; Bonilla and others, 1984), we con-
clude that if this length of the fault were to rupture
in one strike-slip event, the magnitude would be
within the range 7.2 to 7.8 M.
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Figure 44.--Castle Mountain-Caribou fault system after Detterman and others (1976) and epicenter (star) of
the 1984 Sutton earthquake. Heavy lines denote sections with Holocene breaks. Solid circles and squares
indicate locations of USGS and Alaska Tsunami Warning Center seismograph stations. Foeal mechanism
solution (lower hemisphere) for main shock is shown; compressional first-motion quadrants are shaded. Inset
shows epicenters of main shock (star) and 35 aftershoeks with magnitudes as small as 1.0 in relation to fault
trace. Symbols vary with depth: X, 5.0-9.9; triangle, 10.0-14.9; square, 15.0-19.9; and circle, 20.0-24.9.
Stations GHO and MSE, which were not installed until 11 September 1984, were used to calibrate the velocity
model for the Sutton region but were not used directly in the hypocenter determinations of the events shown.
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PRELIMINARY INTERPRETATION OF
FACTOR ANALYSIS OF
GEOCHEMICAL DATA FROM THE
HEALY QUADRANGLE

by Thomas D. Light

A reconnaissance geochemical survey of the
Healy quadrangle was conducted between 1980 and
1982 as part of the Alaska Mineral Resource
Assessment Program (AMRAP). Stream-sediment
samples were collected at 1,064 sites, and heavy-
mineral concentrate samples were collected at
1,045 of these sites.

Stream-sediment samples and nonmagnetic
fractions of the heavy-mineral concentrate samples
were analyzed for 31 elements by semiquantitative
emission spectrography. In addition, some of the
stream-sediment samples were analyzed by atomie
absorption for As, Au, Cd, Sb, and Zn. Analytical
data for the stream-sediment and heavy-mineral
concentrate samples are reported in O'Leary and
others (1984). Only elements containing at least 80
percent of their measured values within the analyti-
cal limits of determination were considered in this
study.

A specific lithologic unit or mineral deposit
type will exhibit a geochemical signature character-
ized by a distinct suite of trace elements. R-mode
factor analysis with varimax rotation was used to
define such geochemical associations in both the

Table 15.--Varimax rotation factor loadings
concentrate (C) data.

Loadings less than 0.40 have been omitted.
analysis; all other analyses by semiquantitative emission spectrography;

sediment and concentrate data sets. R-mode factor
analysis (VanTrump and Miesch, 1976) was used to
place similarly behaving variables (elements) into
factors. Table 15 shows the factor loadings for
those factors determined to be significant
(eigenvalues greater than one) in both data bases.
Plotting the distribution of samples with high factor
scores (upper 5th percentile) for each of the factors
allowed spatial interpretation of the geochemical
associations.

Table 15 lists five significant factors derived
from R-mode factor analysis of stream-sediment
samples. Elements loading strongly intc faetor 18
(Co, Cu, Ni, Mg, Fe, V, Cr, Se, and Zn) define a ma-
fie association derived from basaltic, diabasic and
gabbroic rocks in the Chulitna district south of
Lookout Mountain, in Paleozoic and Triassic sedi-
mentary rocks of the Yukon-Tanana terrane, and in
the Wrangellia terrane (fig. 45). Samples with the
highest factor 1S scores define the Triassie Nikolai
Greenstone in the Wrangellia terrane. Samples
from the Upper Chulitna mining district (Chulitna
and West Fork terranes of Jones and others, 1981)
also load high in factor 1S, due to ultramafic rocks
containing small nickel and chromium deposits, and
precious and base metals oceurring in vein, porphy-
ry, and massive sulfide type deposits (Hawley and
Clark, 1974; MacKevett and Holloway, 1977).

Factor 2S, with high loadings for Y, La, Be,
Pb, and Zr, reflects a rare-earth lithoplile enrieh-

for stream-sediment (S) and heavy-mineral
aa, atomic absorption
NA, not applicable

(less than 80 percent of values between limits of determination)

Factor 1S 28 3s 4S 5S 1C 2C 3C
Fe 0.61 - 0.57 — - 0.88 — —
Mg 0.61 - - 0.43 - — 0.88 —
Ca — - 0.43 63 - - 0.67 -
Ti - - 0.72 - - NA NA NA
Mn — - 0.68 - — - 0.77 -

B - — - — — — 0.51 -—
Ba — — — — 0.92 NA NA NA
Be - 0.64 - - - NA NA NA
Co 0.85 — - - - 0.86 — -
Cr 0.59 — — — — — 0.78 -
Cu 0.85 - - — - 0.83 - -
La - 0.74 - — - — - 0.86
Ni 0.82 - — - - 0.87 - -
Pb - 0.59 - - 0.72 - -
Se 0.54 - - 0.61 - - - 0.68
Sr — - - 0.72 - - - -
\' 0.60 — — - — — 0.82 -
Y — 0.77 - — - - - 0.86
Zr - 0.53 0.57 - - NA NA NA
Zn-aa 0.48 - —_ —_ -— NA NA NA

Eigenvalues before rotation:

5.84 2.81 2.41 1.31 1.01 5.24 2.48 2.12
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Pigure 45.--Generalized tectonostratigraphie terrane map of the Healy quadrangle, after Jores

and others (1981, 1983).

1, Anderson Mountain; 2, Caribou Pass; 3, Clearwater Mountains; 4,

Deadman Mountain; 5, Dora Peak; 6, Double Mountain; 7, Lookout Mountain; 8, Moutt
Pendleton; 9, Nenana Mountain; 10, Pyramid Peak; 11, West Fork Glacier; 12, Wyoming Hills.

ment associated with Tertiary felsic voleanic and
granitic rocks. Samples with the highest varimax
scores for this factor plot in the vicinity of Tertiary
granitic and voleanic rocks that intrude upper Meso-
zoic flysch between Honolulu and Deadman Moun-
tain and south of Caribou Pass. A few isolated sam-
ples with high scores for factor 2S occur in areas of
Tertiary granitic rocks in the west-central part of
the quadrangle, and in sediments derived from a pe-
litie schist unit and in the Totatlanika Schist in the
eastern half of the Yukon-Tanana terrane.

Plots of samples with high varimax scores for
factor 3S (Ti, Mn, Zr, Fe, and Ca) are concentrated
to the east of Deadman Mountain in the southeast
portion of the Healy quadrangle, where Cretaceous
and Tertiary granites intrude Mesozoic flysch. The
dense cluster of high factor scores may indicate a
unique lithology in this area. Scattered sediments
with high factor scores also occur in the Tertiary
Nenana Gravel in the western Yukon-Tanana
terrane.

Samples with high scores for elements loading
strongly into factor 4S (Sr, Ca, Se, and Mg) are con-

centrated along the eastern edge of the quadrangle
south of the MeKinley fault, and reflect the distri-
bution of sediments derived from calcareou~ Trias-
sic metasedimentary and Cretaceous granitic rocks
in the vicinity of the West Fork Glacier and from
Cretaceous granitic rocks in the rorthern
Clearwater Mountains (fig. 45).

The distribution of samples showing high
scores for factor 58 is controlled mostly by anoma-
lous barium. High scores in the Chulitna district
are probably associated with hydrothermal minerali-
zation described by Hawley and Clark (1974). Other
areas of samples with high scores into fa~tor 5S
are: Tertiary granite in Wyoming Hills; Peleozoic
siltstones and limestones west of Mount Pendleton,
north of Nenana Mountain, and east of Anderson
Mountain in the Yukon-Tanana terrane; and Tertiary
coal-bearing units along the northern boundary of
the quadrangle.

Table 15 lists three significant factors derived
from R-mode factor analysis of heavy-mineval con-
centrate data. Factor 1C shows strong loadings for
elements related to both mafic rocks and hydrother-
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mal mineralization. The association of Fe, Ni, and
Co reflects mafiec and ultramafic lithologies near
Lookout Mountain in the Chulitna distriet. These
rocks are hosts for Fe-,Cu-, and Pb-rich magmatic
mineral deposits. Several samples with unexplained
high scores plot along the western MecKinley fault,
and in a pelitie schist unit of the Yukon-Tanana ter-
rane along the north flank of Dora Peak. Two isola-
ted areas with anomalous factor 1C sample scores
along the eastern McKinley fault may host minerali-
zation related to a porphyry(?) system in the West
Fork Glacier area (MacKevett and Holloway, 1977).

Factor 2C (high loadings for Mg, V, Cr, Mn,
Ca, and B) represents a lithologic assemblage char-
acterizing silicate minerals in the Mesozoic flysch
and in the Cretaceous and Tertiary granitic and vol-
canic rocks. Samples with the highest scores for
this factor are located east of Double Mountain
where Mesozoie flysch and Tertiary voleanic rocks
of mafic to intermediate composition oceur in close
proximity (Béla Csejtey, USGS, written commun.,
1985). Areas containing samples with high factor
scores also occur in the Tertiary Cantwell Forma-
tion southwest of Anderson Mountain, and in the
Mesozoic flysch north of Lookout Mountain.

Factor 3C is dominated by a rare-earth assoc-
iation, similar to factor 2S, and relates to the Ter-
tiary granitic and felsic volcanic rocks. Samples
with the highest scores for this factor are derived
from Tertiary granite at Pyramid Peak. Most other
samples with high scores for this factor fall within
the area of Tertiary granitic and voleanic rocks in
the south-central part of the quadrangle, between
Honolulu and Deadman Mountain.

Preliminary evaluation of geochemical data
from the Healy quadrangle suggests that factor ana-
lysis can be used to help delineate both the distribu-
tion of stratigraphic units and the occurrence of
mineral deposits. In addition, because tectonostrati-
graphic terranes are defined, in part, by a
" distinetive stratigraphic sequence or rock assem-
blage " (Jones and others, 1981), factor analysis of
reconnaissance geochemical data might be helpful
in defining unique geochemical signatures for ter-
ranes that are chemically distinct.
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SUMMARY OF STRATIGRAPHY, STRUCTURE,
AND METAMORPHISM OF
DEVONIAN IGNEOUS-ARC TERR ANES,
NORTHEASTERN MOUNT HAYES
QUADRANGLE, EASTERN ALASK/ RANGE

Warren J. Nokleberg and John N. Al-~inikoff

The northeastern Mount Hayes quadrangle,
north of the Mount Gakona fault, is composed, from
north to south, of the Lake George, Macomb, and
Jarvis Creek Glacier tectonostratigraphic terranes
(fig. 46) (Nokleberg and others, 1983), which occur
in the southern part of the Yukon-Tarana terrane
(Jones and others, 1981). South of the Mount
Gakona fault are the Hayes Glacier and Windy ter-
ranes (fig. 46). In the Mount Hayes quadrangle, the
Hayes Glacier terrane includes the Pingston terrane
(Jones and others, 1981; Nokleberg and others, 1983;
1984; Aleinikoff and Nokleberg, 1984b).

The Lake George terrane consists of a se-
quence of coarse-grained, multiply-deformed, peli-
tie, mylonitic schists intruded by Devonian schistose
granodiorite (Aleinikoff and Nokleberg, 1985a).
Mississippian augen gneiss derived from granitie
plutonic rocks crops out to the north and east
(Aleinikoff and others, 1981; Dusel-Bacon and
Aleinikoff, 1985; J. N. Aleinikoff, Cynthia Dusel-
Bacon, and H. L. Foster, written commun., 1985).
In a few areas, the schistose granodiorite intrudes
and has inclusions of the pelitie schist. The meta-
morphosed plutonic rocks probably intruded these
rocks at moderate to deeplevels as indicated by the
coarse grain size of relict igneous plagioclase,
hornblende, biotite, and quartz, a~d by the
homogeneity of individual plutons. The pelitie
schists and metaplutonic rocks are mult’ply deform-
ed and metamorphosed at conditions of the middle
or upper amphibolite facies, with older, refolded
schistosity and foliation transposed into younger
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UNIT NAME

Augen schist and
gneiss, schistose
granodiorite

Pelitic schist

Schistose quartz

monzonite, granodior-

ite and quartz dior-
ite

Pelitic-, cale-, and
quartz-schist

Metavolcanie schist

Metasedimentary schist

Metavolecanic phyllite

Metasedimentary
phyllite

Table 16.--Stratigraphy and petrology of Devonian igneous-arc terranes,

northeastern Mount Hayes quadrangle, eastern Alaska Range

AGE DATA

U-Pb zircon ages of
about 360 m.y.
(Devonian and Missis~
sippian)

Devonian or older

U-Pb zircon ages of
370 m.y. (Devonian)

Devonian or older

DESCRIPTION, ORIGIN

Lake George terrane

Coarse-grained, quartz-feldspar-
biotite-hornblende schist and
gneiss. Dikes and intrudes peli-
tie schist

Coarse-grained, white mica-
quartz-biotite-garnet schist.
Derived from quartz-rich to
clay-rich shale

Macomb terrane

Fine- to medium-grained, schis-
tose biotite-hornblende granitic
rocks. Form irregular, hypabys-
sal, small plutons and dikes in-
truding metasedimentary schist

Fine-to mediun-grained schist
with mica-, quartz-, and calc-
silicate-rich layers. Derived
from shale, marl, and quartz
sandstone

Jarvis Creek Glacier terrane

U-Pb zircon ages of
370 m.y. (Devonian)

Devonian (interlayered
with metavolecanic
schist, above)

Chlorite-feldspar-quartz schist
derived from meta-andesite, meta-
quartz keratophyre, and lesser
metadacite. Interlayered with
metasedimentary schist

Chlorite-, quartz-, and lesser
cale schist, dark schist, and
chlorite-feldspar-quartz schist.
Derived from fine-grained sedi-
mentary and volcanogenic rocks

Hayes Glacier terrane

U-Pb zircon ages of
370 m.y. (Devonian)

Devonian (interlayered
with metavolcanic phyl-
lite, above)

Chlorite-feldspar-quartz phyllite
derived from meta-andesite, meta-
quartz keratophyre, and lesser
metadacite. Interlayered with
metasedimentary phyllite

Chlorite-, quartz-phyllite.
Lesser cale-phyllite, graphite
phyllite, and marble. Derived
from fine-grained sedimentary
rocks
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METAMORPHIC GRADE, STRUCTURE

Middle to upper amphibolite
facies. Mylonitic schist with
intense subhorizontal schis-
tosity. Higher grade minerals
of hornblende, biotite, plagi~
oclase. Local retrogression
to lower greenschist facies

Middle to upper amphibolite
facies. Mylonitic schist with
intense subhorizontal schis-
tosity. Higher grade minerals
of hornblende, biotite, gar-
net, staurolite, sillimanite.
Refolded, subhorizontal
schistosity and foliation

Lower amphibolite facies.
Mylonitic schist with intense
south-dipping schistosity.
Local retrogressive metamor-
phism to lower greenschist
facies

Lower amphibolite facies.
Mylonitic schist with intense
south-dipping schistosity.
Higher grade minerals of
biotite, andalusite, garnet,
staurolite, sillimanite.
Refolded schistosity anc
foliation. Local retro-
gression to lower greenschist
facies

Middle to upper greenschist
facies. Mylonitic schist,
intense south-dipping schis-
tosity. Higher grade mirer-
als of white mica, chlorite,
garnet, biotite. Intense
retrogression to lower
greenschist facies. Refcld-
ed schistosity and folistion

Middle to upper greenscltist
facies. Mylonitic schist,
intense south-dipping schis-
tosity. Higher grade mirer-
als of white miea, chlorite,
garnet, and biotite. Intense
retrogression to lower green-
schist facies. Refolded
schistosity and foliation

Lower greenschist facies.
Mylonitic phyllonite with
intense, steep-south-dip-
ping schistosity. Higher-
grade minerals of white mica,
chlorite, actinolite. Sparse
relict biotite and garnet.
Refolded schistosity and
foliation

Lower greenschist facies.
Mylonitie phyllonite with
intense, steep-south-dip-
ping schistosity. Higher-
grade minerals of white

mica, chlorite. Refolded
schistosity and foliation



schistosity, both containing amphibolite-facies
metamorphic minerals (table 16). Sechistosity and
foliation dip gently south (fig. 46). Sparse retro-
gressive greenschist-facies metamorphism occurs
along major or minor cataclastic shear zones. Ex-
tensive granitic plutons of Late Cretaceous and
early Tertiary age (Wilson, 1976; Dadisman, 1980;
Wilson and others, 1985) intrude parts of the Lake
George and Macomb terranes and, to a lesser
extent, the Jarvis Creek Glacier and Hayes Glacier
terranes. In all four terranes, these granitie rocks
exhibit thin contact-metamorphic aureoles, which
in a few areas are cataclastically deformed and
metamorphosed under conditions of the lower
greenschist facies.

The Macomb terrane consists of a sequence of
fine- to medium-grained mylonitic schist derived
from fine-grained clastic and caleareous sedimen-
tary rocks intruded by schistose Devonian quartz
monzonite to quartz diorite, which in a few areas is
almost completely recrystallized to medium-grained
mylonitic schist (Nokleberg and others, 1983;
Aleinikoff, 1984; Aleinikoff and Nokleberg, this vol-
ume). Schistose granitie rock occurs as small, ir-
regular hypabyssal plutons and dikes intruding meta-
sedimentary schist. Both suites are multiply de-
formed and metamorphosed under conditions of the
lower amphibolite facies, with local areas of retro-
grade greenschist-facies metamorphism (table 16);
schistosity and foliation dip gently to moderately
south (fig. 46). Greenschist-facies metamorphism
occurs parallel to axial planes of younger
structures.

The Jarvis Creek Glacier terrane consists of
Devonian metavolcanic and metasedimentary my-
lonitie schist and minor phyllonite (Nokleberg and
others, 1983). Part of this terrane was interpreted
to be Early Proterozoic in age; however, new iso-
topic data indicate that Devonian zircons contain
radiogenic lead derived from an Early Proterozoic
source (Aleinikoff, 1984; Aleinikoff and Nokleberg,
1984a; Aleinikoff and Nokleberg, this volume).
Metavoleanie schists are derived mainly from ande-
site and quartz keratophyre, and from Ilesser
amounts of dacite and basalt. Metasedimentary
schists are derived from fine-grained clastie, calca-
reous, and voleanogenic sediments. In some areas,
voleanogenic massive sulfide deposits occur exten-
sively in the terrane (Nauman and others, 1980;
Lange and Nokleberg, 1984; Nokleberg and Lange,
1985). A submarine origin is indicated for these de-
posits by interlayering of metavoleanie rocks and
sulfide lenses and pods with fine-grained, thinly lay-
ered metasedimentary rocks. Both suites of meta-
voleanic and metasedimentary rocks are multiply
deformed and metamorphosed with pervasive,
younger, middle to upper greenschist-facies miner-
als, and sparse areas of older, relict lower amphibo-
lite-facies minerals (table 16). Schistosity and fol-
iation dip gently to moderately south, but in a few
areas they are warped into broad east-west-trending
synforms and antiforms. Greenschist facies meta-

morphism occurs parallel to axial planes of younger
structures.

The Hayes Glacier terrane, consisting of
Devonian metasedimentary and metavoleanic phyl-
lonites (Aleinikoff, 1984; Aleinikoff and Nokleberg,
1984b; Aleinikoff and Nokleberg, this volume), is
derived from many of the same protoliths as the
Jarvis Creek Glacier terrane. The Hayes Glacier
terrane differs from the Jarvis Creek Glacier
terrane in having: (1) a greater abundance of black
to dark-gray carbonaceous pelitic rocks; (2) snarsely
oceurring, small voleanogenic massive-sulfide
deposits; (3) few metavoleanic and voleanically
derived rocks; (4) more intense cataclasis; (5)
abundant phyllonites; (6) no areas with relict
amphibolite-facies metamorphism; and (7) overall a
lower grade of metamorphism. The Hayes Glacier
terrane is also multiply deformed and may be
multiply metamorphosed at conditions of lower
greenschist facies (table 16), but the later deforma-
tion and metamorphism was so intense as to obliter-
ate all areas of relict higher grade metamorphism.
Schistosity and foliation generally dip steeply south
to vertically (fig. 46). Local intense cataclasis has
formed extremely fine-grained blastomylonites,
parallel to the axial planes of the younger genera-
tion of structures.

Structurally, the Lake George, Macomb,
Jarvis Creek Glacier, and Hayes Glacier terranes
occur on the south limb of a major east-west-strik-
ing antiform whose axial plane is north of the
Tanana River and figure 46. The Lake George ter-
rane, gently dipping to the south, occurs near the
core of the antiform. The Macomb, Jarvis Creek
Glacier, and Hayes Glacier terranes occur at suc-
cessively higher structural levels on the south limb
of the antiform; dips steepen progressively to the
south, and are near-vertical along the Deneli fault
(fig. 46). The structural stacking of these terranes
is significant; stratigraphically higher level meta-
igneous rocks occur in structurally higher level ter-
ranes (fig. 46, table 16). For example, metamor-
phosed deep-level plutonie rocks ocecur in the Lake
George terrane, metamorphosed hypabyssal plutonic
rocks occur in the Macomb terrane, and subnarine
metavolecanie rocks occur in the Jarvis Cre<k Gla-
cier and Hayes Glacier terranes (fig. 46, tabl= 16).

Thus, the stratigraphy and structural relations
discussed herein indicate that these terraner repre-
sent, from north to south, successively higher levels
of a single, now highly metamorphosed and de-
formed Devonian submarine igneous-are. Tre augen
gneiss cropping out to the north and east, derived
from Mississippian granitie plutonic rocks (Dusel-
Bacon and Aleinikoff, 1985; J. N. Aleinikoff,
Cynthia Dusel-Bacon, and H. L. Foster, written
commun., 1985), may be a deeper level part of the
arc. An island-arc origin may also be indicated by
the ocecurrence of former submarine volesniec and
sedimentary rock, and associated volcanogeric mas-
sive-sulfide deposits in the Jarvis Creek Glacier and
Hayes Glacier terranes (Lange and Nokleberz, 1984;

69



Nokleberg and Lange, 1985). However, a continen-
tal-margin are origin may be indicated by prelimi-
nary common lead isotopic studies on sulfide sam-
ples from these deposits (LeHuray and others, 1985),
and similar studies on feldspars from the metaplu-
tonic and metavolcanie rocks in these terranes
(Aleinikoff, 1984), which indicate a continental
component derived from an Early Proterozoie
source. A continental margin setting is also indica-
ted by the abundant quartz-rich schist in the Lake
George, Jarvis Creek Glacier and Hayes Glacier
terranes; many contain zircons with continental-de-
rived Early Proterozoic lead (Aleinikoff and others,
1984; Dusel-Bacon and Aleinikoff, 1985). The data
support two hypotheses for the origin of these ter-
ranes: (1) an island-are origin, with the arc contain-
ing a slice of continental crust which contaminated
later magmas; or (2) a submerged continental mar-
gin are, with continental detritus being shed into a
companion trench and subduction zone system. A
modern-day analogue for the island arc origin is the
New Zealand setting; the analogue for the submerg-
ed continental margin arc setting is the Aleutian
arc (Kay and others, 1978).
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EARLY PENNSYLVANIAN CONODONTS
FROM THE STRELNA FORMATION,
CHITINA VALLEY

George Plafker, Anita G. Harris,
and Katherine M. Reed

The name Strelna Formation was originally
applied to a complex of variably metamorphosed
rocks in the Chitina Valley and Wrangell Mountains
containing a megafaunal assemblage of supposed
Mississippian age (Moffitt and Mertie, 1923;
Moffitt, 1938, p. 22-29; pl. 1); from the
descriptions, it is- probable that younger non-
metamorphosed bedded rocks were locally included
in the unit.

Figure 47.--Location of conodont sample 84APr67 (arrow, black dot) in the southeastern part of the
Valdez quadrangle, distribution of the Strelna Formation (s) and possibly equivalent rocks of the Haley
Creek terrane (s?), thicker marble beds in the s and s? units (m), undifferentiated Triassic Nikolai
Greenstone and Chitistone Limestone (Trn), undifferentiated Mesozoic flysch and melange of the
Chugach terrane (Mzu), and the Border Ranges fault system (BRFS). Plutonic rocks and unconsolidated
deposits not shown. Geology modified from Winkler and others (1981).



In Chitina Valley (fig. 47), the formation con-
sists of mafic to intermediate metavoleanic rock
and minor pelitic schist, metachert, and marble.
The country rock is intruded and metamorphosed by
compositionally variable plutons of Late Pennsylva-
nian, Early Jurassic to Early Cretaceous, and late
Cenozoic ages (MacKevett, 1978; MacKevett, 1978;
Winkler and others, 1981). Also, a few, small, tec-
tonically emplaced serpentinized ultramafic masses
oceur in the outecrop area, particularly along the
Border Ranges fault system, which defines the
southern boundary of the Strelna Formation
(MacKevett and Plafker, 1974). Mineral assembla-
ges are upper greenschist to lower amphibolite fa-
cies, commonly with rapid changes in metamorphic
grade. The metamorphic sequence and Late Penn-
sylvanian plutonic rocks are strongly foliated, mul-
tiply deformed, and, in places, pervasively sheared
and mylonitized.

The Strelna Formation was originally assigned
a Carboniferous, probably Mississippian, age on the
basis of poorly preserved brachiopods and other
megafossils collected mainly from carbonate rocks
(Moffitt and Mertie, 1923, p. 27-28, Moffitt, 1938,
p. 26-29). Subsequent study of these and additional
collections from marble in the metamorphosed
Skolai Group suggested an Early Permian age for
part of the Strelna Formation (MacKevett, 1978).
On the basis of revised paleontologic data,
MacKevett (1978) and Winkler and others (1981)
considered the original Strelna Formation to be co-
eval with the lithologically similar, but less meta-
morphosed, Skolai Group, consisting of about 300 m
of interbedded chert, shale, sandstone, and lime-
stone with an abundant Early Permian megafauna
(Smith and MacKevett, 1970), The Skolai Group is
underlain by andesitic volcanic flows and voleani-
clastie rocks; combined exposed thickness is about
2,000 m. This sequence is considered to be Pennsyl-
vanian in age (MacKevett, 1978) by correlation with
the lower part of the fossiliferous Slana Spur
Formation of the Mankomen Group, eastern Alaska
Range (Richter and Dutro, 1975).

In the MecCarthy quadrangle, the metamor-
phosed part of the sequence previously designated
as Strelna Formation was mapped by MacKevett

Figure 48.--Scanning-electron photographs of
biostratigraphically diagnostic Early Pennsylvanian
(early Morrowan) conodonts from USGS collection
29342-PC, Strelna Formation (scale bar = 0.1 mm).
Most of the conodonts in the collection are juvenile
elements. A, B; upper views of left and right Pa
elements of Declinognathodus noduliferus (Ellison
and Graves), 70x magnification. A, USNM 295835;
B, USNM 295836, abraded. C, D; upper views of
two juvenile left Pa elements of the
Rhachistognathus muricatus Dunn)-R. primus (Dunn)
plexus (D is broken anteriorly and posteriorly); C,
USNM 295837, 90X magnification; D,  USNM
295235, 135X magnification.
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(1978) as "metamorphosed Skolai Group" (unit
PPsm); in the adjacent Valdez quadrangle, it in-
cludes metamorphic rocks reassigned by Winkler and
others (1981) to the undifferentiated Skolai Group
(unit Ps), the unnamed "metamorphic complex" in
the Dadina River area (unit Psm), and probably the
country rock of the Haley Creek terrane (unit Khe).

During geologic mapping related to the Trans-
Alaska Crustal Transect (TACT) project, 16 samples




were collected from marble beds in the northern
Chugach Mountains for conodont processing. Of
these, one sample (84APr67) yielded a biostrati-
graphically diagnostic conodont assemblage (USGS
collection 29342-PC). The locality is on a tributary
of Canyon Creek at elevation 5,100 ft, SW1/4 sec.
12, T. 6 S, R. 6 E. (fig. 47), a locality cited by
Moffitt (1914, p. 20; 1938, p. 27-28). However,
megafossils collected were poorly preserved silici-
fied erinoid columnals, brachiopods?, and corals,
dated as "probable Carboniferous”. Until now, this
collection was the only age control in the extensive
outerop area of the pervasively metamorphosed
Strelna Formation south of the Chitina River.

The conodont sample was collected close to
the base of a bedded marble unit at least 100 m
thick that is interbedded with schistose andesitic
pyroclastic and flow rocks and minor metachert.
Processing of 5.7 kg of marble yielded the following
microfossils:

17 Pa ele(ments) of the Rh?chist;)gnathus
muricatus (Dunn)-R. primus (Dunn) plexus
(figs. 48C, 2D)

Declinognathodus noduliferous (Ellison and
Graves) (figs. 48A, 2B)

77 Pa, 6 Pb, 1 Sb, and 2 Sc elements

150 indet. bar, blade, and platform fragments
40 ichthyoliths

1 phosphatized ostracode steinkern

The conodonts are a cosmopolitan, shallow-
and warm-water (in North America) species assem-
blage characteristic of the Declinognathodus

noduliferous-Neognathodus bassleri symmetricus

conodont zones of early Early Pennsylvanian age
(early Morrowan). The color alteration index (CAI)
of 5.5 indicates the host rock reached at least
350°C, possibly during emplacement of the nearby
Jurassic plutons.

These biostratigraphically diagnostic Early
Pennsylvanian conodonts in the Strelna Formation
suggest the following revisions of present geologic
interpretations in this part of southern Alaska:

(1) The new fossil data show that the Strelna
Formation includes strata of Early Pennsylvanian
age that is older than the Permian, carbonate-bear-
ing upper part of the Skolai Group. Although there
may be temporal overlap with the undated lower
part of the Skolai Group, correlation with it eannot
be assumed. The higher grade of metamorphism and
more extreme deformation of the Strelna Forma-
tion, and the ocecurrence of metaplutonic rock yield-
ing K-Ar apparent ages as old as Middle
Pennsylvanian (MacKevett, 1978), contrast with the
typical Skolai Group of the eastern Wrangell Moun-
tains.

(2) The outerop area of the Strelna Formation
is in fault contact to the south and west with an
undated metamorphic sequence delineated by
Winkler and others (1981) and Wallace (1981) as the
Haley Creek terrane (s?, fig. 47). Gross similarities

in lithology, structural style, and plutonism suggest
that the Haley Creek terrane may represent a deep-
er structural level of the Strelna Formation. In
both units, metachert lenses and distinctive thin
marble beds, many of which are continuou~ along
strike for many kilometers, are particularly sug-
gestive of correlation. In the absence of age-diag-
nostie fossils from the Haley Creek terrane, how-
ever, this correlation remains speculative.

(3) The Strelna Formation is tentatively consi-
dered part of the allochthonous Wrangellia terrane
of Jones and others (1977). It is similar in lithology
and age to upper Paleozoic andesitic units that
comprise the basement to the Wrangellia terrane
except that the Strelna Formation contains e higher
percentage of marine metasedimentary rocks. Map
relationships in the southeastern part of the Valdez
quadrangle (Winkler and others, 1981) also suggest it
is depositionally overlain by the characteristic
Wrangellian Triassie sequence.

(4) G.H. Girty (in Moffitt, 1938, p. 28-29) not-
ed that the megafauna from the Strelna Formation
is the same as faunas from the Lisburne Group
which crops out in northern Alaska in the Brooks
Range. Conodont faunas reported herein confirm
this  correlation. Representatives c¢f the
Rhachistognathus muricatus-R. primus plexus are
common in the latest Mississippian and earliest
Pennsylvanian part of the Lisburne Group across the
Brooks Range and in collections from th=2 Nuka
Formation in the western Brooks Range.
Declinognathodus noduliferus is present in the
earliest Pennsylvanian part of this interval, but is
less ecommon. Specimens of R. muricatus heve also
been recovered from thin carbonate beds and lenses
in the Helpmejack Hills, south-central Brooks
Range. Since these faunas are cosmopoliten, they
cannot be wused to deduce the Pennsylvanian
paleolatitude for the terrane in which they o~cur.

(5) Systematic collection and processing of
carbonate samples for conodonts from the Strelna
Formation and possibly correlative units is required
to better define the stratigraphic age range and
geographie distribution of this unit.
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SUMMARY OF DATA ON THE AGE OF THE
ORCA GROUP, ALASKA

George Plafker, Gerta Keller, Steven W. Nelson,.
Julie A. Dumoulin, and Marti L. Miller

The Orca Group is a widespread, thick, com-
plexly deformed accretionary sequence of flysch
and tholeiitic basalt in the Prince William Sound
area (Winkler, 1976; Winkler and Plafker, 1981) (fig.
49). Despite a number of extensive field studies of
the Orea Group, reliable data on the age of the unit
have been elusive. On the basis of sparse paleonto-
logic and radiometric data, the sequence was
regarded as Paleocene and early Eocene(?) age
(Winkler and Plafker, 1981). New paleontologic
data from fossil localities shown in figure 49
suggest that some strata assigned to the Orea Group
are of middle Eocene age and possibly as young as
late Eocene or Oligocene. However, data
suggesting an age younger than about 50 Ma appear
to be incompatible with radiometrically determined
ages for plutons that intrude the Orca Group.

Age-~diagnostic fossils in the Orca Group and
the paleontologists who reported on them are: 24
foraminiferal assemblages examined in thin section
(Gerta Keller), nine assemblages of radiolarians
(Joyce R. Blueford and Charles D. Blome), one
assemblage of diatoms and silicoflagellates (John A.
Barron), one meager assemblage each of coccoliths
(David J. Bukry), dinoflagellates (Lucy E. Edwards),
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palynomorphs (William R. Evitt), and megafossils
(Stearns F. MacNeil, Warren O. Addicott, Ellen J.
Moore). Checklists of all the paleontologic data
with discussions of their age implications are
presented elsewhere (Plafker and others, 1985).
Age ranges for these fossils are indicated on figure
50. They are predominantly Paleocene through
middle Eocene, but include some assemblages that
range into the late Eocene or Oligocene.

'T'he bedded rocks of the Orca Group are tight-
ly folded and extensively faulted. Th: deformed
strata are intruded and variably metamorphosed by
granodiorite, granite, and tonalite plutcns, with K-
Ar ages from 50.5 to 53.5 Ma (£1.6 Ma) in eastern
Prince William Sound and the area to the east
(Winkler and Plafker, 1981, and unpublished data;
fig. 49). Field relations suggest to us that all of
the Orca Group from which fossils have been col-
lected predates emplacement of the structurally
discordant plutons.

Thus the combined paleontologic and radio-
metric data constrain the age of the Or~a Group to
late Paleocene through early middle Eocene. The
upper age limit is taken as the emplacement age of
the late early to earliest middle Eocene plutons that
intrude and metamorphose the sequence (fig. 50).
The lower age range of the unit is not known but is
probably Paleocene as it postdates the Maestrich-
tian Valdez Group. The age relation~hip of the
strata at Jeanie Point and Neck Point cn Montague
Island to the remainder of the Orca Gro'ip is uncer-
tain, but these strata most probably have shared the
same deformational and metamorphic history as the
remainder of the Orea Group (Dumoulin and Miller,
1984).

As shown by figure 50, all but ore fossil as-
semblage are older or within the age range of the
Eocene plutons that intrude the Orca Group,
although there is very little overlap with some of
the middle Eocene fossils ranges. The only fossil
assemblage definitely incompatible with a pre-early
middle Eocene age for the Orca is the questionably
assigned late Eocene or younger coccoliths from
Neck Point.

Because the coccoliths at Neck Pcint occur in
a section that also yields probable early Eocene
radiolarians, a problem is indic~ted with
identification and (or) the age range of the poorly
preserved coccoliths.  Detailed biostratigraphic
studies of key sections are planned for the 1985
field season with the objective of better defining
the age of the Orca Group.
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SUMMARY OF
1984 TACT GEOLOGIC STUDIES IN THE
NORTHERN CHUGACH MOUNTAINS AND
SOUTHERN COPPER RIVER BASIN

George Plafker, Warren J. Nokleberg,
and John S. Lull

(with contributions from
R. B. Coleman, T. L. Pavlis, G. H. Pessel,
R. C. Roback, V. B. Sisson, W. K. Wallace,
and G. R. Winkler)

During the 1984 field season of the Trans-
Alaska Crustal Transeet (TACT) program, geologic
mapping at a scale of 1:63,360 or larger and special-
ized studies were completed for a strip about 20 km
wide and 100 km long. The study centered on the
TACT route along the Richardson Highway, from
east of Valdez in the northern Chugach Mountains
to the southern Copper River basin and west margin
of the Wrangell Mountains. Also, detailed petrolo-
gic studies were undertaken in the eastern Chugach
Mountains near the east end of the Chugach seis-
mic-refraction strike line (Fuis and others, 1985).



Bedrock geologic mapping was completed in the
Valdez B-3, B-4, C-3, and C-4 15-minute quadran-
gles, which span the complex suture of the Border
Ranges fault system separating the Chugach terrane
to the south and Wrangellia-Peninsular (composite)
terrane to the north. This study presents a brief
summary of the Chugach terrane and the Wrangel-
lia-Peninsular (composite) terrane,a revised geolo-
gic map along the Border Ranges fault system, an
interpretive section showing major features across
the suture (fig. 52), and preliminary interpreta-
tions. Much of our work is based on previous studies
by Metz (1975), Wallace (1981), Winkler and others
(1981), and Burns (1984),

The Chugach terrane (fig. 51) is composed of
three, fault-bounded, highly deformed aceretionary
sequences consisting of (south to north): (1) Late
Cretaceous Valdez Group (Kv) greenschist facies
flysech sequence; (2) Jurassic and Cretaceous
MeHugh Complex (KJm) sheared and weakly meta-
morphosed oceanic basaltic rocks, argillite, and
chert (Winkler and others, 1981); and (3) the Early
Jurassic or older greenschist and blueschist of
Liberty Creek (Jle). The Border Ranges fault sys-
tem is herein defined as the system of faults that
juxtapose the accreted and locally subducted deep-
sea sequences of the Chugach terrane against the
Wrangellia-Peninsular (composite) terrane to the
north; at the north margin, the Chugach terrane is
underthrust northward beneath the Wrangellia-Pen-
insular (composite) terrane along the Border Ranges
fault system. West of the Copper River, the Border
Ranges fault system includes faults previously map-
ped as the Border Ranges fault and the Spirit Moun-
tain thrust by MacKevett and Plafker (1974). The
Border Ranges fault system is characterized by
broad shear zones that locally econtain serpentinite
or serpentinized ultramafic rocks. Geologie, grav-
ity, and magnetic data suggest that roeks in the up-
per plate have been thrust at least 40 km over the
Chugach terrane along the Border Ranges fault sys-
tem, and that the thrust plates are thin sheets gen-
erally less than 1 km thick (fig. 51).

Two major crystalline rock sequences com-
prising the Wrangellia-Peninsular (composite) ter-
rane (fig. 51) are mafic and ultramafic rocks herein
informally referred to as the Tonsina complex (teu,
tem) and metamorphosed sedimentary, voleanic, and
plutonie rocks that are herein informally referred to
as the Haley Creek metamorphic complex (he). Vol-
caniclastiec rocks of the Early Jurassic Talkeetna
Formation (Jt) are believed to be in normal fault
contact with the Tonsina complex beneath Quater-
nary cover in the northern part of the map area (fig.
51); this normal fault may occur along a major un-
conformity.

The Haley Creek metamorphic complex con-
sists of multiply deformed and metamorphosed,
interlayered, mafic to intermediate voleanic rocks,
pelite, sandstone, and marble. The layered rocks
are extensively intruded by compositionally diverse
metaplutonie rocks ranging in composition from
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gabbro to trondhjemite, but dominantly diorite and
quartz diorite. Layered rocks included in the Haley
Creek unit predate emplacement of the oldest
metaplutonic rocks, which are dated as Late Juras-
sic (153+4 Ma) by U-Pb zircon methods (J. N.
Aleinikoff, USGS, written commun., 1984). These
layered rocks are tentatively correlated with less
metamorphosed rocks of the Strelna Formation east
of the Copper River containing fossils of Early
Pennsylvanian age (Plafker and others, 1985).

The Tonsina (mafic-ultramafic) complex is a
distinetive, high-pressure assemblage of northward-
dipping layered dunite, harzburgite, websterite, and
garnet amphibolite, and hornblende-bearire two-
pyroxene gabbros (Coleman and Burns, 1985). The
complex consists of a lower ultramafic sequence
less than 1 km thick and an upper mafic sequence
that may be as much as 6 km thick, if it is not
structurally imbricated. The age of the Tonsina
complex is uncertain. K-Ar analyses of hornblende
from four mafic samples near Tonsina have yielded
apparent ages ranging from Silurian to dJurassie
(419, 369, 188, and 171 Ma); west of the highway
seven gabbro samples have yielded Middle and Late
Jurassic (180-154 Ma) hornblende K-Ar anparent
ages (Winkler and others, 1981; and unpub. data).
Some of these ages may have been reset during in-
trusion of voluminous, more silicic Jurassic plu-
tons. The Tonsina (mafie-ultramafie) complex is
part of a belt extending westward along the south
margin of the Peninsular terrane and interpreted as
the root of the Jurassic Talkeetna magmetic are
(Burns, 1985). However, the structural relationship
of the Tonsina (mafic-ultramafic) complex to the
adjacent schist of the Liberty Creek unit and
Talkeetna Formation, the occurrence of at least
two pre-Jurassic K-Ar ages, and the likelihood of
resetting of mineral ages by widespread Jurassic
plutonism suggest that at least the ultramafic part
of the Tonsina complex may be part of an older,
late Paleozoic arc upon which the Talkeetna arc
was superimposed.

The above data suggest the following tenta-
tive sequence of events that juxtaposed terranes
along the Border Ranges fault system: (1) Evolution
of a Pennsylvanian and older(?) andesitic are, now
represented by the Haley Creek metamorphiec com-
plex; the Tonsina (mafie-ultramafic) complex may
be part of a deep-level root to this are. (2) Pre-
Middle Jurassic subduction of the schist of the
Liberty Creek unit along the Border Rangss fault
system, forming south-verging structures ani meta-
morphosing the rocks to transitional blu2schist-
greenschist facies. (3) Widespread Middle and Late
Jurassic plutonism associated with the Telkeetna
magmatic are forms the intermediate calc-alkaline
suite of plutons which intrudes the mafiec complex
and the stratified rocks of the Haley Creek unit.
(4) Late Jurassic and Early Cretaceous plitonism
occurs in approximate synchroneity with formation
of south-verging structures, upper greenschist- to
amphibolite-facies metamorphism, and ductile def-
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ormation of the Haley Creek unit. Widespread,
intense, locally mylonitic cataclasis postdates
durassie plutonism and probably continues through
much or all of the Cretaceous. (5) Deformation and
accretion of the McHugh Complex oecurs during
subduction in middle(?) Cretaceous time, with
formation of poorly developed, south-verging
structures, pervasive shear zones, and local me-
lange. (6) Accretion of the Valdez Group occurs in
Late Cretacéous time, forming south-verging strue-
tures and resulting in at least 40 km of relative
underthrusting beneath the Haley Creek unit.
(7) Overprinting takes place during Late Cretaceous
and (or) early Tertiary time due to pervasive
northward-verging major and minor folding in the
accretionary sequences of the northern Chugach
terrane and in the overlying Haley Creek unit. (8)
Early Tertiary regional greenschist- to zeolite-
facies metamorphism takes place in the Valdez
Group and McHugh Complex and retrograde meta-
morphism oceurs in the Haley Creek unit. (9) Cross-
cutting early middle Eocene felsic dikes and stocks
are emplaced in the Chugach terrane and Haley
Creek unit. Events 7-9 were probably essentially
synchronous. Uplift and erosion of 30-40 km along
the Border Ranges fault system since Jurassie time
has exposed the blueschist-facies rocks and the
Tonsina (mafic-ultramafic) complex. If the Tonsina
complex is unconformably overlain by the unmeta-
morphosed Talkeetna Formation, then the Tonsina
complex was uplifted and eroded 15-30 km before
deposition of the Early Jurassic Talkeetna Forma-
tion took place.

REFERENCES CITED

Burns, L. E., 1985, The Border Ranges ultramafic
and mafic complex, south-central Alaska:
cumulate fractionates of island are vol-
canics: Canadian Journal of Earth Sciences,
v. 22, no. 7, p. 1020-1038.

Coleman, R. G. and Burns, L. E., 1985, The Tonsina

complex, Chugach Mountains, a high-pressure

mafic-ultramafic cumulate sequence (abs.):

Bulletin of the Geological Society of America,

v. 17, no. 6, p. 248.

G. S., Ambos, E. L.,Mooney, W.D., Page,R.A.,

and Campbell, D. L., 1985, Preliminary re-

sults of TACT 1984 seismic-refraction survey
of southern Alaska, in Bartsch-Winkler, Susan,
ed., The United States Geological Survey in

Alaska—Accomplishments during 1984: U.S.

Geological Survey Circular 967, this volume.

Metz, P. A., 1975, Occurrences of sodiec amphibole-
bearing rocks in the Valdez C-2 quadrangle, in
Short notes on Alaskan geology 1976: Alaska
Division of Geological and Geophysical
Surveys Geologic Report 51, p. 27-28.

MacKevett, E. M., Jr., and Plafker, George, 1974,
The Border Ranges fault in south-central
Alaska: U.S. Geological Survey Journal of
Research, v. 2, no. 3, p. 323-329.

Fuis,

79

Plafker, George, Harris, A. G., and Reed, K. M.,
1985, Early Pennsylvanian conodonts from the
Strelna Formation, Chitina Valley area,
Alaska, in Bartsch-Winkler, Susan, ed., The
United States Geological Survey in Alaska—
Accomplishments during 1984: U.S. Geologi-
cal Survey Circular 967, this volume.

Wallace, W. K., 1981, Structure and petrology of a
portion of a regional thrust zone in the central
Chugach Mountains, Alaska: Seattle, Univer-
sity of Washington, Ph.D. dissertation, 253 p.

Winkler, G. R., Silberman, M. L., Grantz, Arthur,
Miller, R. J., and MacKevett, E. M., Jr., 1981,
Geologic map and summary geochronology of
the Valdez quadrangle, southern Alaska: U.S.
Geological Survey Open-File Report 80-892-A,
scale 1:250,000.

Reviewers: Cynthia Dusel-Bacon and G. S. Fuis

SEISMICITY IN SOUTHERN ALASKA,
OCTOBER 1983 - SEPTEMBER 1984

Christopher D. Stephens, Kent A. Fogleman,
John C. Lahr, and Robert A. Page

Hypocenters have been determined for 3,728
earthquakes recorded by the USGS seismograph net-
work in southern Alaska between October 1983 and
September 1984. The distribution of events larger
than magnitude 3 is shown in figure 52. During this
period, the largest event was a magnitude 5.7 my
(5.2 Mg; body-wave, my, and surface-wave, Mg,

magnitudes and Modified Mercalli intensity reports

are taken from the Preliminary Determination of
Epicenters of the USGS National Earthquake Infor-
mation Service, NEIS) shock on August 14, 1984, lo-
cated 24 km deep near Sutton, about 80 km north-
east of Anchorage. This event was felt throughout
much of southern Alaska from Fairbanks to Homer

and had a maximum intensity of VI at Palmer and
Willow where slight damage was reported (NEIS).
The distribution of aftershocks and the focal mech-
anism for this event indicate that it occurred on the
ENE-WSW-trending Talkeetna segment of the
Castle Mountain fault, thus demonstrating that this
segment of the fault is active (see Lahr and others,
1985). Two shocks of magnitude 5.4 my, (5.0 M) and
5.1 my, (4.6 Mg) with nearly identical epicenters oc-
curred about 11 min apart on September 20 at
shallow depth southeast of Hinchinbrook Island.
These events were felt as far as Palmer and
Chitina, and for the larger shock, a maximum inten-
sity of IV was reported at Cordova, Anchorage, and
Sutton (NEIS). The pair of events did not have a de-
tectable aftershock sequence, but in the surrounding
offshore region it is not unusual for double or single
event shocks of comparable magnitude to occur
without significant aftershock activity. Three other
events of magnitude 5 my and larger occurred dur-
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voleanoes.

ing this period, all within the Aleutian Benioff zone
west and north of Cook Inlet.

Below 30 km depth, the seismicity is dominat-
ed by the northwestward-dipping Aleutian Benioff
zone (fig. 52). Concentrations of activity in the
Benioff zone north of Anchorage, beneath Mt.
Iliamna, and beneath the mapped western termina-
tion of the Denali fault are persistent features that
characterize this segment of the subducted Pacific
plate. Only one event was located within the weak-
ly active, NNE-dipping Benioff zone recently identi-
fied by Stephens and others (1984) south of the
Wrangell voleanoes, but this event was too small to
be included in figure 52.

Epicenters of shocks shallower than 30 km
depth and larger than magnitude 1 are shown in fig-
ure 53. West of about longitude 148° W., nearly all
events occur within the overriding North American
plate. The rate of activity within the overriding
plate is low compared to that of the Benioff zone in
the upper part of the subducting Pacific plate. The

Stars indicate Quaternary

most prominent feature in the distribution of the
shallow seismieity is aftershock activity from the
August 14, 1984, earthquake near Sutton. The plot-
ted data are not homogeneous below magnitude 2;
areas of special study marked by numerous magni-
tude 1 events are apparent, and include the voleanic
arc west of Cook Inlet, the southern Kenai Penin-
sula, and the Anchorage region. In general, the
crustal activity is not concentrated along the
mapped traces of major faults. In fact, the Sutton
earthquake is the first shallow event that can be un-
equivoeally associated with a major mapped fault
since the regional network began recording in 1971,
North of Prince William Sound two concentra-
tions of events occur in the shallow seismicity (fig.
53). The tight ecluster of events along the northern
margin of Prince William Sound is due to continuing
aftershock activity from the 1983 Columbia Bay
shocks (Page and others, 1985), which are attributed
to normal slip on a NNE-striking fault within the
subducted Pacific plate. A more diffuse concentra-
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Figure 53.--Epicenters determined from the USGS seismograph network in southern Alaska for
1,598 earthquakes with coda-duration magnitude 1 and larger and depths less than 30 km that
occurred in the period October 1983-September 1984. Symbol size varies with magnitude as
indicated (note that magnitude scale is different from that used in figure 52). See figure 52 for

description of map features.

tion of events located about 40 km to the northeast
has a similar trend, but is offset from the strike of
the Columbia Bay aftershock zone. In October
1983, a magnitude 4.2 my, shock occurred at a depth
of 43 km within the more northerly zone (fig. 52).
A preliminary focal mechanism for this event
determined from first motions of P-waves recorded
at regional stations is compatible with normal
faulting on a NE-striking plane, similar to the type
of faulting inferred for other nearby events at com-
parable depths (for example, Stephens and others,
1985) and to the Columbia Bay events.

East of longitude 146° W., the apparent high
rate of shallow activity is due at least in part to a
lower magnitude threshold used in selecting events
for processing. In contrast to the region west of
Prince William Sound, many of the earthquakes in
the east, such as the prominent concentration of ac-
tivity within the 1979 St. Elias aftershock zone
north of Iey Bay, occur on a low-angle thrust that
may be the interface between the North American
plate and either the underthrusting Pacific plate or
the colliding Yakutat block. Well-located events
from the St. Elias area indicate that the crust above
the thrust interface is also seismically active, but
the rate of activity is low compared to that along
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the interface. In other areas, such as the Waxell
Ridge area about 75 km west of the St. Elias after-
shock zone, the nature of the activity is less certain
because of a lack of depth control. Nonetheless,
the broad distribution of this activity is similar to
that observed within the St. Elias region, and it is
possible that the Waxell Ridge activity occurs along
that same thrust interface. The Waxell Ridge seis-
micity occurs near the center of the Yakataga seis-
mic gap, which extends westward from the western
limit of the St. Elias aftershock zone to the eastern
extent of the 1964 rupture near the longitude of
Kayak Island, and which is a site where a large
(Mg> 7) thrust earthquake is expected within the
next two or three decades (McCann and others,
1980). Over the past ten years, the spatial
distribution of microearthquake activity in and
around the gap has been remarkably stable, and,
other than a decay in the rate of aftershocks from
the St. Elias earthquake, the rates of activity during
this recent time period do not differ markedly from
those observed over the past decade.
Concentrations of earthquakes are observed along
the Fairweather fault north and east of Yakutat Bay
and along the western section of the Duke River
fault, but the earthquake hypocenters are not



sufficiently well constrained to associate the
seismicity with particular mapped fault traces. The
diffuse character east of longitude 138° W. and
south of latitude 59.5° N. is at least partially attri-
butable to this area being outside the seismograph
network.
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SOUTHEASTERN ALASKA

(Figure 54 shows study areas described.)

SOUTHEASTERN ALASKA COINCIDENT ZONE
David A. Brew and Arthur B. Ford

This report calls attention to an unusual geo-
graphic coincidence of major linear geologic fea-
tures in a narrow zone that extends the length of
southeast Alaska and southward into British Colum-
bia (fig. 54). Eight major geologic features define
the zone: (1) the Gravina sequence of flysech and
intermediate and mafic volcanic rocks of Late Jur-
assic and Early Cretaceous age; (2) the Klukwan-
Duke plutonic belt of ultramafic bodies of 100-110
Ma age; (3) the Admiralty-Revillagedo belt of
epidote-bearing granitic plutons of 90 Ma age; (4)
the Wrangell-Revillagigedo belt of Barrovian
metamorphic rocks of Cretaceous and earliest Ter-
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Figure 54.-Map showing areas in southeastern
Alaska discussed in this circular.

tiary age; (5) the tonalite sill belt of foliated
granitic intrusions of 60-70 Ma age; (6) a major
linear aeromagnetic high; (7) a major linear gravity
gradient; and (8) the Coast Range megalineament.
Features 5 through 8 have been discussed by Brew
and Ford (1978). All of these features are shown on
figure 55. In addition, there is a high frequency of
mineral deposits within the coincident zone defined
by the eight major features (Berg and others,
1981). Brew and Ford (1984) imply that this is
related primarily to metamorphic effects, but it
may also reflect in part the same fundamental
causes as do the other features in the zone.

The Gravina sequence (fig. 55a) is an appropri-
ate term for the Gravina part of the Gravina-
Nutzotin belt of Berg and others (1972). It consists
of rock units with the following lithologies: (1)
graywacke; (2) intermediate to mafic voleanic
breccia, tuff, and flows; (3) some interlayered
mudstone; and (4) some conglomerate. The se-
quence is Late Jurassic and early Cretaceous in
age. Although later deformation and metamorphism
have severely modified the original configuration of
the belt, it seems likely that it was originally a
relatively long and narrow trough filled from both
sides. Monger and others (1982) contend that it is
an interplate basin that has been squeezed between
the Alexander and the Stikine terranes during a
major collision event; Ford and Brew (1978) and
Brew and Ford (1983) suggest that it is an intraplate
rift basin that was deformed during the Cretaceous
subduction of the Chugach terrane 100 km to the
west.

The Klukwan-Duke belt (fig. 55a), of mafic
and ultramafic rocks of 100-110 Ma (Lanphere and
Eberlein, 1966), was defined by Brew and Morrell
(1983), but its unusual character had been recogniz-
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megalineament, in the southeastern Alaska coineident zone.
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ed by Taylor and Noble (1960) and Taylor (1967).
They, along with Irvine (1973) and Murray (1972),
subscribe to a sub-crustal origin for these Alaskan-
type or concentrically zoned bodies. More than 30
separate bodies are scattered along strike in the 50-
km width of the belt.

The Admiralty-Revillagigedo belt (fig. 55a) of
90 Ma plutons was first described by Brew and
Morrell (1983) and has since been the focus of de-
tailed studies by Burrell (1984a, b, c) and by Zen and
Hammerstrom (1984a, b). This belt extends from
perhaps north of southeastern Alaska south to in-
clude the Eestall pluton near Prince Rupert, British
Columbija (Woodsworth, 1983). The abundance of
plutons in the generally 70-km-wide belt varies ap-
preciably along strike (Brew and Morrell, 1983).

The Wrangell-Revillagigedo belt (fig. 55a) of
metamorphic rocks was first recognized by
Buddington and Chapin (1929) and has since been de-
scribed in some detail for the Juneau area (Forbes,
1959; Ford and Brew, 1977; Himmelberg and others,
1984a, b), and near Wrangell (Douglass and Brew,
1985). Although locally variable and complex, the
belt is generally a consistent feature with a well-
defined Barrovian sequence increasing in grade from
prehnite-pumpellyite facies on the west to silliman-
ite-grade amphibolite facies on the east. The same
belt of rocks occurs to the south in British Colum-
bia, where it has been studied by Crawford and
Hollister (1982). The belt is closely linked in time
and space to the tonalite sill belt of plutons, indi-
cating that relatively uniform metamorphic condi-
tions prevailed in an unusually long, narrow zone at
the time of intrusion (Brew and Ford, 1981).

The tonalite sill belt of foliated plutons (fig.
55a) has been described by Brew and Morrell (1983),
Brew and Ford (1981), and Ford and Brew (1981)
and is shown on the map of Brew and Morrell
(1980). It consists of a remarkably long, narrow,
locally discontinuous belt of sheet- or sill-like
plutons of dominantly tonalitic composition that
were emplaced at 69-62 Ma (Gehrels and others,
1984). Wider segments of the 3-25 km-wide belt
consist of 1-3 individual sills separated by sereens
of gneiss and migmatite. The belt extends south at
least to Prince Rupert (Crawford and Hollister,
1982). Brew and Ford (1978, 1981) suggest that the
sill belt was intruded along some kind of important
structural discontinuity.

The major linear -aeromagnetic high (fig. 55b)
(Brew and Ford, 1978; Decker, 1979) is an obvious,
but usually discontinuous, high that is close to the
outerop of the sill belt. Jachens (1984) and Grisecom
(1977) both suggest that the sill extends to depths of
3-8 km or more. This aeromagnetic lineament is
the northern continuation of the major feature map-
ped along the coast of British Columbia by Haines
and others (1974).

A relatively steep gravity gradient more or
less parallels the aeromagnetic lineament (fig.
55b). The gradient separates the -20 to -50 mGal
field to the west from the -80 to -110 mGal field to

the east over the Coast Mountains (Bevnes, 1976).
Barnes interprets the gradient to be caused by
crustal thickening to the east, influence of
uncorrected terrain effects, and(or) a possible
eastward decrease in rock densities.

The Coast Range megalineament (Brew and
Ford, 1978) is a nearly continuous, prominent topo-
graphic feature that extends from north of Juneau
to south of Prince Rupert, B.C (fig. 55b). It is a
zone from a few hundred meters to 10 km wide that
is caused by selective erosion along closely spaced
joints, foliation, compositional layering, and small
faults. In a few areas, such as Work Channel near
Prince Rupert, it is amajor fault (Crawford and
Hollister, 1982). Brew and Ford (1978) speculated
that the megalineament was the surface expression
of the concealed western contact, at cepth, of the
granitoid intrusive rocks and high-grade metamor-
phie rocks of the central zones of the Coast pluton-
ie-metamorphic complex (Brew and Ford, 1984) with
the schists of the western metamorphie zone.

A few Quaternary voleanic piles located in or
near the coincident zone (Brew and others, 1984,
1985; Beikman, 1975) ’indicate th2 continuing
existence of deep fractures. R. B. Forbes (oral
eommun., 1984) has found eclogite nodules in one of
these voleanic units on Kupreanof Island, indicating
a deep origin for some of the volcanie roceks.

We do not have a ready explanation for this
coincident zone, but several of the features are
clearly interrelated. Discussion of these relations is
beyond the scope of this short article. Most of the
features could be controlled by either a persistent
large fracture zone that extends through the earth's
crust or by features related to that zon=.
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FOSSILIFEROUS MIDDLE AND (OR) UPPER
TRIASSIC ROCKS WITHIN T™E
COAST PLUTONIC-METAMORPHIC COMPLEX
SOUTHEAST OF SKAGWA™

David A. Brew, Arthur B. Fo~d
and Steven L. Garwin

The age of the protoliths of the metamorpnie
rocks within the Coast plutonic-metamorphic com-
plex as defined by Brew and Ford (1984a) is un-
certain for much of the complex. We report here
the first collection of fossils from the central meta-
morphic zone of the Coast plutonic-metamorphic
complex, establishing a Triassic age for at least
part of the protolith of that zone and provides
information of critical value in tectonic
interpretation of the region. The western meta-
morphic zone of the Coast plutonic-metamorphic
complex contains fossils of Permien, Triassie,
Jurassie, and Cretaceous age (Ford and Brew, 1973,
1977; Brew and Ford, 1977; Loney, 1964). The
eastern metamorphic zone contains fossils of
Permian age in the Bradfield Canal area (R. L.
Elliott, USGS, oral commun., 1980). Permian and
Triassic fossils occur not far to the east of the
eastern metamorphic zone in British Columbia
(Souther, 1971; Aitken, 1959). Fossils have not been
reported previously from the central metamorphic
and central granitic zones, though suppositions
about the ages of the zones are an important part of
some tectonostratigraphic interpretaticns (Berg and
others, 1978). Abundant K-Ar data (Wilson and
others, 1979; J. G. Smith, USGS, written commun.,
1976) and one 140 Ma zircon date (Smit™ and others,
1979) document the intrusive history of the
complex.

Geologic mapping in the Atlin A-8 1:63,360
quadrangle during 1984 revealed an area of only
slightly metamorphosed rocks adjacent to the upper
Meade Glacier (fig. 56). This is referred to, for
convenience, as the Meade Glacier section. The
occurrence of these low-grade rocks within the
generally high-grade central zone of the Coast
plutonic-metamorphic complex may be Dbest
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Figure 56.—-Location of the fossiliferous section
near the Meade Glacier, the ultramafic mass to the
west, and the major geologic features. Base map
from US G S 1:250,000 series Atlin quadrangle.

explained by these rocks not having been uplifted
and, thus, eroded away as were comparable parts of
the complex elsewhere. This fossiliferous section
indicates that Triassic rocks were protoliths for the
Coast plutonic-metamorphic complex when it
formed during latest Cretaceous and Tertiary time
(Monger and others, 1982; Brew and Ford, 1983,
1984b, c).

The Meade Glacier section is located on two
east-trending spurs of the mountain mass that is
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underlain mostly by the ultramafic body deseribed
by Himmelberg and others (1985). The relation of
the fossiliferous section to the adjacent rock units
is * uncertain. As shown on figure 56, the section is
bounded on the west by a massive greenstone unit
and on the east by an inferred fault under the
Meade Glacier. The relation on the west is not well
understood because of extensive snow and ice cover,
under which the contact may be a fault. This is
suggested by the ocecurrence of abundant biotite
schist float close to the fossiliferous rocks on the
northern of the two spurs. The fault on the east is
in part beneath Meade Glacier; it is indicated both
by the presence of a polydeformed and polymeta-
morphosed unit on the opposite side of Meade
Glacier and by a fault zone to the north. It is
possible, however, that the fossiliferous section
rests unconformably on the multiply deformed unit,
which is tentatively correlated with the pre-Upper
Triassic unit near the Tulsequah area in British
Columbia (Souther, 1971).

The section (fig. 57) consists mostly of
voleanic and carbonate rocks, turbidites, and
mudstones, with carbonate rocks most common in
the middle of the section and voleaniecs more
common near the top. The section strikes
northwest and is overturned, with steep to moderate
dips to the southwest. Approximately 1,225 m of
section is exposed. The uppermost part was not
studied as carefully as the lower, fossiliferous,
part. The direction of younging is based on rare
graded beds in the lower, sedimentary, part and on
well-developed pillows in the upper, more voleanie,
part of the section. Details of the section based on
the exposures on the southernmost spur are shown
on figure 57. Most of the thin carbonate units oceur
as lenses within dark-gray metamudstone. All of
the rock types exposed on the northern spur are also
found somewhere on the southern spur, but the
exact stratigraphic and structural relations are not
known: both exhibit abrupt facies changes.

Fossils were collected from ecarbonate rocks
on both spurs. A well preserved ammonite found in
coleoid-rich dark-gray limestone collected in the
northern spur is late Middle Triassic to early Late
Triassic in age (N. J. Silberling, USGS, oral
commun., 1984). Conodonts from the same sample
are of the same age (K. E. Denkler and A. G. Harris,
USGS, written commun., 1985). The only other
occurrence of Triassic fossils as old in southeastern
Alaska is at George Inlet on Revillagigedo Island,
about 450 km south (Silberling and others, 1982).
Fossils of the same age oceur in the Chutine and
Telegraph Creek areas in British Columbia, about
230 km to the southeast (Souther, 1959, 1972).
Small ammonites collected from light-gray dolomite
or limestone on the southern spur are not yet
identified. Conodont collections from all carbonate
units have not yet been processed. Fossil localities
closest to the Meade Glacier section are; (1) the
Late Triassic collection on the Chilkat Peninsula, 35
km to the west (Plafker and others, 1979); (2) the
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Cretaceous plant fossil locality at Berners Bay (R.
W. Brown, USGS, written commun., 1957) about 50
km to the southwest; and (3) the Late Triassic
ammonite localities near Juneau, 110 km to the
south (Brew and Ford, 1977; Ford and Brew, 1977).

The stratigraphic seetion shown in figure 57
does not correlate exactly either paleontologically
or lithologically with other seetions in British
Columbia and southeastern Alaska, in part because
it is less deformed and metamorphosed than the
other sections and because of the apparent differ-
ence in age mentioned above. The upper 550 m of
section, as a lithologic package, resembles the
Upper Triassic units near Juneau (Brew and Ford,
1977; Ford and Brew, 1977) on southeastern
Admiralty Island (Loney, 1964) and in the Keku
Strait area (Muffler, 1967; Brew and others, 1984).

Information derived from the Meade Glacier
section refines the tectonostratigraphic terrane
analysis of southeastern Alaska and northern British
Columbia. Berg and others (1978) include this area
in their Tracy Arm terrane, which they imply is a
separate, exotic, far-traveled tectonostratigraphic
terrane and a separate tectonic entity. Brew and
Ford (1983, 1984b) interpret the area instead to be
the metamorphosed and deformed Alexander ter-
rane and, thus, simply part of the Alexander-Stikine
superterrane that has been subjected to later
metamorphic and intrusive events (Monger and
others, 1982; Brew and Ford, 1983; 1984 b,c) If the
upper 550 m of the section is Upper Triassie and the
lower 675 m is Middle Triassic and (or) Upper
Triassic, then the section would have both
paleontologie and lithologie linkages to the Triassie
sections in southeastern Alaska and northern British
Columbia.
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POLYMETAMORPHISM IN THE EASTERN
PETERSBURG QUADRANGLE,
SOUTHEASTERN ALASKA

Susan L. Douglass and David A. Brew

Evidence for five episodes of regional and
contact metamorphism has been found in the east-
ern part of the Petersburg quadrangle. This report
summarizes the spatial distribution and mineralogie
and textural characteristics of each episode. Our
petrographic data and geologic evidence (Brew and
others, 1984) can be interpreted in terms of the fol-
lowing metamorphic history: (1) prehnite-pumpel-
lyite to greenschist facies regional metamorphism
of graywacke and associated rocks of early Late
Cretaceous age; (2) thermal metamorphism in aur-
eoles of Alaskan-type mafic and ultramafic intru-
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sions of Late Cretaceous age; (3) regional thermal
metamorphism associated with 90-Ma plutons; (4)
Barrovian-type regional metamorphism of biotite to
sillimanite grade associated with sill-like intrusions
of foliated tonalite of 65 Ma age; and (5) thermal
metamorphism in regional-scale aureoles associated
with nonfoliated granitic intrusions of 20 Ma age.

The oldest metamorphic episode affected
early Late Cretaceous (Cenomanian) rocks (Brew
and others, 1984) of the Gravina belt (Berg and
others, 1972) and extended eastward to an uncertain
limit (fig. 58) within the mainland belt of Brew and
others (1984). Poorly to moderately well foliated
metagraywackes, semischists, and crenulated phyl-
lites retain few original sedimentary textures.
Intermediate-pressure prehnite-pumpellyite to
greenschist facies conditions are indicated by min-
eral assemblages that commonly include chlorite-
white mica-zoisite-albite-quartz-opaques, and
rarely actinolite.

Low-pressure albite-epidote to hornblende-
hornfels facies aureoles of 100-110 Ma age intru-
sions (Lanphere and Eberlein, 1966; M. A. Lanphere,
USGS, oral commun., 1983) have overprinted the
earlier regional metamorphic fabrie. These Alaska-
type mafic-ultramafic intrusions and smaller horn-
blendite and hornblende gabbro bodies are located
on northern Lindenberg Peninsula (fig. 58) and with-
in the Gravina belt to the southeast. The metagray-
wackes within the aureole are poorly foliated and
contain granoblastie polygonal and decussate aggre-
gates of (1) actinolite-epidote-quartz-albite-garnet-
biotite and (2) hornblende-clinozoisite-quartz-plag-
ioclase-biotite~sphene-magnetite.

The third episode of metamorphism was a re-
gional thermal event associated with granodiorite,
tonalite, and quartz diorite intrusions of 90 Ma age
(M. A. Lanphere, USGS, written communs., 1981,
1982) This event affected previously metamorpho-
sed Gravina belt rocks on Lindenberg Peninsula,
Mitkof, Woronkofski, and Wrangell Islands, along
with some mainland rocks west of the Coast Range
megalineament. The 90 Ma age plutons are distin-
guished by Burrell (1984) according to differing tex-
ture, mineralogy, form, and other features. Our
study shows that the type of aluminosilicate poly-
morph in aureoles can also distinguish some plu-
tons: andalusite and (or) sillimanite occur in low-
pressure hornblende-hornfels aureoles near plutons
of predominantly nonfoliated quartz monzonite;
Kyanite, sillimanite, and andalusite, indicating low
to intermediate pressure, occur in aureoles related
to concordant intrusions of foliated tonalite. The
foliated tonalite bodies contain primary epidote and
garnet and are similar to those interpreted by Zen
and Hammarstrom (1984) to have crystallized at
high pressures.

Aluminosilicate polymorphs are texturally
complicated within these aureoles. Mineral assem-
blages in the low-pressure aureoles locally include
coarse sillimanite and (or) relict andalusite along
with fibrolite-garnet-biotite-plagioclase-quartz-

staurolite-ilmenite. Low- to intermediate-pressure
aureoles contain kyanite and coarse sillimanite or
kyanite, relict andalusite and coarse sillimanite
along with fibrolite, staurolite, garnet, biotite,
quartz, plagioclase, and muscovite. Fibrolite is ubi-
quitous in both low and low- to intermediate-pres-
sure aureoles as syn- to late-kinematic mats of silli-
manite needles. Prismatic andalusite-shaped min-
eral aggregates are present in the schirts and
gneisses. These aggregates contain intergrown sub-
idioblastiec kyanite and staurolite, coarse prismatic
sillimanite, and rarely xenomorphic andalusite
cores. The aureoles of the easternmost plutons of
90 Ma age in the map area are difficult to separate
from the overlapping intermediate-pressure meta-
morphie belt of the next episode.

An extensive Barrovian-type metamorrhic se-
quence defined by progressive garnet, staurolite,
kyanite, and sillimanite isograds is associated with
the tonalite sill belt of foliated intrusions of 62-69
Ma age (Gehrels and others, 1983, 1984) (fig. 58).
Foliation of the schists and gneisses is parallel to
the trend of the metamorphic mineral isograds,
whieh, in turn, are parallel to the foliation within
the tonalite intrusions. These relationships indicate
syn-metamorphic to post-metamorphiec intrusion.

Metamorphic grade increases to the northeast
from prehnite-pumpellyite /greenschist facies to sil-
limanite-zone amphibolite facies. Locally, textures
such as deformed crenulation, transposed and dis-
rupted foliation, and shattered porphyroblasts with
fragment trains, suggest that one or more deforma-
tional, and perhaps metamorphie, episodes may have
affected some of these rocks. Typical semipelitic
amphibolite-facies schists and gneisses contain
quartz-muscovite-oligoclase to andesine plagio-
clase-biotite-garnet-staurolite + kyanite, anc rarely
potassium feldspar - muscovite - biotite - garnet-
quartz-plagioclase-ilmenite + sillimanite. The
nature of this metamorphic episode is similar to
that deseribed by Himmelberg and others (1984a,b;
1985) in the Juneau area. The eastern limit of this
regional metamorphism is obseured b~ the
emplacement of granodiorite plutons of 50 Ma age
described by Webster (1984). A regional structural
feature, the Coast Range megalineament, trends
nearly parallel to the isograd trend and locally
coincides with the sillimanite isograd. Later hydro-
thermal alteration and mylonitization is lo~alized
along the megalineament.

The youngest episode is represented kv low-
pressure-facies regional-thermal aureoles associat-
ed with nonfoliated, miarolitie granitic intrusions of
20 Ma age (M. A. Lanphere, USGS, written
commun., 1982). On Etolin, Deer, and Zarembo Is-
lands, in the southeastern part of the Petersburg
quadrangle, this poorly documented episode over-
prints previously metamorphosed Gravina belt rocks
with albite-epidote hornfels facies aureoles.
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ULTRAMAFIC BODIES IN TI'E
COAST PLUTONIC-METAMORPHIC COMPLEX
NEAR SKAGWAY, SOUTHEASTERN ALASKA

Glen R. Himmelberg, David A. Brew,
and Arthur B. Ford

Previously unknown major exposures of peri-
dotite occur discontinuously along an aoproximately
30-km-long and 8-km-wide, northwest-trending belt
within the Coast plutonic-metamorphie complex in
the Atlin A-8 quadrangle (fig. 56). Based upon
structure, two groups of ultramafie rocXs are recog-
nized: tectonized and nontectonized.

The ultramafie rocks with a tectonite fabric
occur in at least several 100-200-m-thick layers in a
zone of biotite schist, quartzo-feldspathic ortho-
gneiss, and amphibolite, along the northeast margin
of the ultramafic belt. The penetrative structures
of these ultramafic rocks range from pronounced to
weak and are concordant with structures in the
schists and gneisses. The ultramafic rocks have
been recrystallized to assemblages containing for-
sterite, tremolite, tale, minor chlorite, and magne-
tite. Centimeter-scale layers of boudinaged and
disrupted chlorite-rich schist are common in the
tectonized ultramafic rocks and gash veins of tale
are locally present. Protoliths of the tectonized
ultramafic rocks are mostly harzburgite with only
minor dunite.

Nontectonized ultramafic rocks are perido-
tite and are broadly scattered along the boundary
between areally extensive units of hornblende-pla-
gioclase gneiss (and amphibolite) and hornblende-
biotite tonalite. The peridotite intrud=s the horn-
blende-plagioclase gneiss and is intruced by horn-
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blende-biotite tonalite in which the peridotite bo-
dies oceur widely as rafts ranging in size from a few
meters to several kilometers. Relations with near-
by fossiliferous rocks of Middle Triassic and early
Late Triassic age (Brew and others, 1985) and litho-
logic comparison of the tonalite to other dated plu-
tons in the area suggest a time-constraint on peri-
dotite emplacement between the end of the Triassic
and about 60 Ma. The peridotite is mostly harz-
burgite with a primary mineral assemblage of oli-
vine (70-85 percent), orthopyroxene (15-30 percent),
and chromite (1-3 percent). The peridotite is gen-
erally massive and homogeneous, although primary
igneous structures are locally present. These are:
(1) dunite layers one to several meters thick with
aligned chromite "trains” parallel to the layer boun-
daries; (2) poikilitic wehrlite layers about 1 m thick
with 2-3 em-size clinopyroxene oikoerysts; and (3)
olivine-pyroxene layers one to several centimeters
thick with ratio contacts. Hornblende-clinopyro-
Xene-plagioclase and hdrnblende-clinopyroxene-
magnetite veins and pegmatite dikes cut the perido-
tite. Individual hornblende and pyroxene crystals in
the pegmatite are as long as 30 em.

In some contact zones of peridotite with horn-
blende-pyroxene gneiss, the peridotite contains
abundant, aligned, and boudinaged, disrupted horn-
blende-plagioclase gneiss xenoliths several meters
in length. Pronounced reaction zones are developed
between peridotite and hornblende-plagioclase
gneiss xenoliths. These reaction zones consist of
dual rinds, each about 4.5 em thick, of olivine +
tremolite + magnetite against the peridotite and
chlorite + actinolite against the hornblende-plagio-
clase gneiss.

The primary peridotite is generally anhedral
granular with gently curved grain boundaries.
Degree of recrystallization of the peridotite by the
hornblende-biotite tonalite is variable, being related
to the size of the peridotite raft enclosed in tona-
lite and, for the larger peridotite bodies, proximity
to the contact with tonalite. Recrystallized assem-
blages consist mostly of forsterite + tale + tremo-
lite + minor chlorite + magnetite; much of the re-

crystallized forsterite is granoblastie polygonal with
120° grain boundary intersections.

These newly discovered ultramafic bodies are
the only known oceurrences of ultramafie intrusions
in the central part of the Coast plutonie-metamor-
phic complex. There are numerous Alaskan-type
ultramafic bodies that occur from Klukwan to Duke
Island in an ultramafic-mafic belt to th= west
(Taylor, 1967; Brew and Morrell, 1983), but they
have rock associations that are different from those
of the ultramafic bodies in the Atlin A-8 quadran-
gle. The Alaskan-type bodies are mostly dunite, oli-
vine eclinopyroxenite, hornblende eclinopyroxenite,
and clinopyroxene hornblendite, whereas th2 ultra-
mafic bodies in the Atlin A-8 quadrangle are mostly
harzburgite.

The relationship of the tectonized and nontec-
tonized ultramafic rocks is uncertain at this time.
However, based on similarity of primary roek types,
similarity of reerystallized assemblages, and the
variability of tectonite fabric of the ult-amafic
rocks in the schists, we tentatively believe all the
ultramafic rocks are part of the same intrusion and
that the tectonite fabric was only locally developed.
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