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A GIVETIAN (LATE MIDDLE DEVONIAN) FAUNA FROM HEALY B-4
QUADRANGLE, CENTRAL ALASKA RANGE, ALASKA

By Robert B. Blodgett!

GENERAL STATEMENT

Moffit (1915) reported an occurrence of poorly
preserved fossils from a limestone body on the Jack
River near Cantwell, Alaska. The limestone body was
reported to occur between ‘walls’ of slate and conglom-
erate. The fossils were identified by Edwin Kirk, who
indicated thal they were either lale Middie Devonian
(Givetian) or early Late Devonian (Frasnian) in age.
This locality was ve-cotlected by the author during the
summers of 1974 and 1976 as part of a continuing
study of Devonian invertebrate fossits of interior Alaska.
The limesione consists of dark-gray micrite cut by many
veins of recrystallized white calcite. In most places the
limestone has been thoroughly reerystallized and altered
so a5 Lo obscure the nature of the fossils. However, one
small pod within the massive limestone was found to
yield poorly preserved but generically ideatifiable fos-
sils. The rocks of the area have been folded and weakly
metamorphosed; no formal stratigraphic names have
been applied to them.

PALEONTOLOGY

The following taxa have been identified:
Coelenterata
Cladopora sp.
Dendrostella sp.
auloporoid tabutate corals
lamejlar stromatoporoids
" Brachiopoda ‘
Leiorhynchus spp.
Emanuella sp.
Ladjia sp.
Arthopoda (Cl. Trilobita)
Dechenella (Dechenella) sp.
Indeterminate gastropods
The rugose coral genus Dendrostelle is found pi-
marily In rocks of Givetian age, but has been reported
(rom the late Eifelian of the USSR (Pedder, 1964).
Dendrostella is a‘common element in Alaskan faunas of
Givetian age and has been reported from the ‘Totovana
Limestone of the Livengood quadrangle, {from an un-
named stratigraphic unit in the southeastern part of the
Slsetmure quudrangle, and from the Skajit(?) Lime-
stone of the western Brooks Range (Oliver and others,
1975). The rhynchonetloid brachiopod Leiorhynchus
is a cosmopolitan genus that ranges from late-early

Ipjvision of Geosciencas, University of Alaska, Fairbanks,
AK 99701.

Middle Devonian (late Bifelian) to middle-early Late
Devonian (middle Frasnian) time in western Canada
(McLaven, 1962). The ambococliid brachiopod Emanuel-
la I1s known from Middle and Upper Devonian strata and
is cosmopolitan. Ladjie, also an ambocoelliid, is known
from the Frasnian of Austrelia and from Givetian-
Frasnian boundary beds of western North America
(Pedder, 1976). The tritobite Dechenella (Dechenella)
ranges throughout the entire Middle Devonjan (Eifelian-
Givetian) and is a common faunal element in rocks of
this age from western North America and the Canadlan
Arctic Islands (Ormiston, 1967).

This (aunal assemblage strongly indicates that the
limestone body is referabie to the Givetian Stage.

FOSSIL LOCALITY

The fossils were found near a prominent overhanging
limestone cliff exposed along the north side of the
Denali Highway approximately 1.3 mile east of its
junction with the Anchorage-Fairbanks Highway, east-
center sec. 3, T. 18 S., R, 7 W., Healy B-4 quadrangie,
lat 63°23°00”N., long 148041°46”W. (University of
Alaska Museum paleontotogy locality A-713).
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PROBABLE KARST TOPOGRAPHY NEAR JADE MOUNTAINS,
SOUTHWESTERN BROOKS RANGE, ALASKA

By G.H. Pegsel!

A number ol small depressions are localed in the
glacially sculptured foothills north of the vastern end of
the Jade Mountains, in the Ambler River guadrangle
ol northern interior Alaska. The depressions appear Lo
be sinkholes or collapse teatures in carbonate rock and
are probably indicative ol karst Lopography, a2 peos
morphic tandform not previously obseryed in the perma-
frost regime of northern Alaska.

R Garland (DGGS) and L, Tallleuar (USGE)
noled Lhe depressions as anomalous features in the
foothills of the Jdade Mountaing during o geologic
mapping project in 1972, Garland and Pessel investi-
gated Lwo of the depressiong later in the course of the
mapping project. J.M. Zdepski (DGGS), WL Brosge’
(USGS), and Tailleur inspected the area from the air in
1973, and [lound indications of underground drainage
in some stream channels off the north slope ol ihe
weslern Jade Mountains, Atthough no conclusive evi-
dence for the origin of the depressions could be Tound,
the most fikely explanalion appears Lo be some form ol
karsl Lopography in the classic sense, rather Lhan the
thermokarst degradation so common in northern Alaska
surficial deposils.

The sinkheles ave rouphly conieal, 30-15 m across
and aboul 15 m deep (figs. 1-3). They do not connect
to surface drainage, and show no evidence ol waler
filling during spring breakup or periods of heavy rain,

The low foothills in the arey of Lthe sinkholes are
clearly the resull of glacial erosion. Cirque basins indent
the northern erest of the Jade Mountains, and merge

1,1’\1.1;{5:[{.11 Mivision ol Geolopgical and Geophysical Surveys, An-

chorage, AK 995601,
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Figure 1. Aerigl view ol depression, looking southwest

with smoolh, trough-shaped valleys, Some of the valleys
are cut by sharply incised modern stream channels in
their Jower reaches. Glacial drill covers most ol the
foothills, and placial erratics are common. Low veg-
clation, typical ol the southern {oolhills of the south-
ern Brooks Wange, covers most of the area, and open
stopes are covered with grass tussocks, Lypical of the
Arctic permalvost regime. Seattered outerops are found
throughout the area, and include rubble-covered hills
and some culbanks in the modern stream courses,
Vegelation and a thin mantle ol surlficial deposits
mask the bedroek throughout most, of the foothills.
Geologic maps of e area have been published al g scale
of 1:250,000 (Patton, Miller, and Tailleur, 1968; Pessel
and Brosge’, 1977y, Fgure 4 0k an outerop map al a
seale of 1:63,360 ol the area where mosl of the de-
pressions are localed. The mass of Lthe Jade Moun-
Lains  consists largely of shallow-seated mafic igneous
rocks and ultramafics. including serpentintte and dunile,
which form an ophiolite-like sequence Lhat flanks the
southern edee of the Brooks Range. In the fool ™e
north ol the Jade Mountaing, the bedrock appear,
consish mainly ol dark phylistes, hght-gray carbonates,,
and dark-pgray cherly carbonates, alt of probable Paleo-
soic age. A few sealtered outerops of malie igneous
tocks also oceur i the Toothills, Outerops in stream
cutbanks and rubble-covered slopes indicate that the
muost likely bedrock i the area of the sinkholes is the
carbonates. Blocks of dark cherty limestone and a
possible outerop of the same type of yock were lound

Figure 2. Closer view of same sinkhole.
Y



Figure 3. Another depression in northern Jade Hills.
Stope ot as steep as sinkhole in figs. 1 and 2.

on the side and floor of one of the sinkboles,

Caverns and internal drainage channels in the car-
bonates are a likely possibility. One of the nearby
streams disappears into its bed during low water and
reappears about a mile or so downstream. In the Cosmos
Hills, o the east, the shaft at the Bornite mine was
flooded by water entering the workings in carbonate
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rocks that are correlative with those in the Jade Moun-
tains. Elsewhere in the Brooks Range, springs are
common in similar carbonite vocks, indicating Lhe
presence ol well-developed subterranean channels,

The age of formation of caverns and channels in the
carbonates, if such is indeed the correct explanation f[or
the sinkholes, is not clear. The (ormation of solutian
channels within (he carbonates would logically be
controlled, Lo sowe extent, by the presence of perma-
frost and the climaiic history of the area. The depres-
sions gre not filled with glacial drift, possibly indicating
that they were lTormed after the last ice age.
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TECTONIC SIGNIFICANCE OF THE KNIK RIVER SCHIST TERRANE,
SOUTH-CENTRAL ALASKA

By J.R. Carden! and J.E. Decker?

In a reconnaissance study of the bedrock geology of
the Chugach Mountains near Anchorage, Alaska, Clark
(1972a) distinguished a group of undifferentiated meta-
morphic rocks extending from near Eagle River to the
Knik River. A recent map by Magoon and others (1976)
extends this terrane northeast along strike to the area
of Coal Creck (fg. 1). This investigation is a preliminary
interpretation of the tectonic significance of these meta-
morphic rocks, which we here informally catl the Knik
River schist terxane.

Near Eklutna the Knik River schisl terrane is com-
posed of marble, siliceous argillite, metachert, meta-
sandstone, and metavolcanic rocks (Clark, 1372a). The
marble forms discontinuous podlike tayers and lenses
that can be scen from the highway. The dominant meta-
voleanic unil is an actinolite schist thal forms massive
steep-sided oulcrops near the Knik River, Rocks from
the schist terrane have been metamorphosed lo green-
schist and possibly low-grade amphibolite [acies. Most
oulcrops are highly sheared and display melangelike
characteristics.

We supgest that the Knik River schisl terrane re-
presents a segmeni of the Early Jurassic subduction
complex thab extends discontinuously from the Kodiak
Istands to the Canadian border and possibly Into south-
eastern Alaska (Forbes and others, 1976, 1877). Carden
and others (1977) have described the schists of this
complex in the areas of Lhe Kodiak Islands and Seldovia-
Port Graham, ncar the western cnd of the Kenai
Peninsuta. The complex there consisls of a series of
volcanic and deep-sea lithologies that have been meta-
morphosed Lo the blueschist-greenschist-facies bound-
ary. The age determined (rom this schist terrane
indicates emplacement of the compiex by Early Jurassic
time, This timing is consistent with the biostratigraphy
of associated forearc basin deposits (Burk, 1965; Detter-
man and Hartsock, 1966) and K-Ar ages of Jurassic
rocks from the associated Alaska-Aleutian Range plu-
tonic arc (Reed and Lanphere, 1973).

We believe the Knik River schist terrane represents
an extension of the Seldovia-Kodiak Islands schist
{errane because both occupy the same tectonic position
relative to major geologic features on the southern
Alaska margin. They are immediately tectonically above
the Border Ranges Fault (MacKevett and Plafker,
1974), a suture zone that represents a major Mesozoic

"Geophysical Inglitute, University of Alaska, Fairbanks, AK
299701A
Dapt, of Geology. Stanford University, Stanford, CA 94305,

plate boundary separating older schists of the upper
plate from volcanogenic sedimentary rocks of the
McHugh-Uyak and Valdez Complexes of the lower
plate (MacKevett and Plafker, 1974). These rocks
represent a laler pulse of subduction in Cretaceous time
(Moore and Connelly, 1976). In the Kodiak and
Setdovia area, slivers of a dismembered ophiolite accur
between the schists and the Border Ranges Faull
(Carden and others, 1977). The same ultramafic rocks
are represented in the Anchorage avea by the mafic-
wltramalic rocks of the Wolverine Complex (Clark,
1972b), which occur between the Knik River schist
terrane and the McHugh Complex. The Kodiak-Seldovia
and Knik River schist belts are both bound on the north-
west by Mesozoic shell rocks that are interpreted by
Moore (1974) as a forearc sequence. Rocks of both
terranes are structurally similar and are characterized by
melangelike deformation and an jsoclinal overturned
fold style,

A single K-Ar age of 173 + 7 m.y. obtained on an
actinolite separate from an actinolite-epidote schist
greenschist collected at the mouth of the Knik River in
the Anchorage B-6 quadrangle (fig. I, table 1) is the first
radiomelric age reported from the complex. Atthough
the apparent age is Lower Jurassic, it is significantty
younger than the average of nine K-Ar ages determined
for actinolites and white micas (189 + 3 m.y.) from the
schist of the Seldovia-Kodiak Islands terrane (Carden
and others, 1977). This difference may be due to
thermal overprinting by a pluton, dated at 161 + 5 m.y.
(Clark, 1972a), 2 km from the sampled schist outcrop
(fig. 1). Agreement at the 67 percent confidence level
between the pluton and the schist date suggests that
the actinolite schist age may have been either totally or
partially reset from an older vaiue.

An alternative hypothesis is that the Knik River
schists may have had a different (ime on uplift than did
the Seldovia-Kodiak schists. Rapid tectonic emergence
is necessary to preserve blueschist facies mineral as-
semblages formed at depth (Ernst, 1971). If uplift is not
sufficiently rapid, blueschist mineral assemblages will be
thermally upgraded to at least the preenschist facies.
Furthermore, the stower rate of tectonic emergence will
produce younger apparent ages because minerals will
pass through their characteristic argon-blocking iso-
therms al a later time. There have been no blueschisi
assemblages yet reporled from the Knik River schist
terrane and preliminary evidence suggests that these
rocks have undergone greenschist-blueschist-facies meta-
moxrphisim.



Fipure 1, Generalized geologic map showing the location
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of the proposed Knik River schist terrane in relation Lo olher

major tectonic units in the area (after Magoon and others, 1976), Sample JV-1 and loration of 161-m.y. pluion are

given,
Table 1. K-Ar analytical data. 1+ 2
Sample 10Av,0q 40Arag  40Aryg
Rock Mineral K20 weight (moles{g) 10K . 40 Ay Age + 10

Sample type dated (wL.%) (2) x 10-1 x 103 Lotal (m.y.)
JD-1 Greenschist  Actinolite 0.165 1.3690 1.489 10.63 0.644 173+7
{76181}) 3.165

¢.1758

¢.164

x=0.167 }

1 Analytical technigues have been described previously by Turner and others (L973),
Constants used:  }.= 0.585 x 1010wy, o =472 x 1010/yr. 10k = 119 x 1074 mot /ol

Because we cannot support one age interpretation
over another from the limited dala presently available,
the Knik River schist terrane merits further study. De-
taited mapping and additional dating are needed for a
clear understanding of the age and mode of emplace-
ment of these rocks in relalion to other metamorphic
fefrranes to the northeast,
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GEOCHRONOLOGY OF SOUTHERN PRINCE OF WALES ISLAND, ALASKA

By Donald L. Turner,! Gordon Herreid,? and Thomas K. Bundtzen?

INTRODUCTION

This paper summarizes the results of a radiometric
daling reconnaissance of the southern part of Prince of
Wales Island. A more comprehensive summary of the
geology and mineral deposits of this area will be given in
a future paper (Herreid and others, in press).

Twenty total-fusion 40K-40Ar mineral and whole-
rock ages were deiermined for 14 igneous and meta-
morphic rocks from (he Craig A-2 quadrangle and
vieinity (fig. 1). Analytical work was done in the
Geochronology Laboratory of the Geophysical Institute,
University of Alaska, Fairbanks. Aralytical techniques
used have been described previously (Turner and others,
1973). Analytical data for age determinations are given
in table 1 (p. 16). Sample locations are shown in
figure 2, a generalized geologic map modified from
Herreid and others (in press).

WALES GROUP

Earlier workers mapped the regional metamorphic
basement rocks on Prince of Wales Istand as the “Wales
Series” or Wates Group (Brooks, 1902; Buddington and
Chapin, 1929). In this paper, the more strongly meta-
morphosed rocks ‘are considered i{o be Wales Group,
following the usage of Herreid and others (in press).
They contrast with the less metamorphosed Middle
Ordovician Descon Formation and with Devonian and
younger bedded rocks nearby. All the Wales Group
rocks in the Craig A-2 quadrangle appear to have hagd a
similar metamorphic history, but could inctude rocks of
different premetamorphic ages. Lithologies include vary-
ing amounts of marble, tuffaceous schist, phyllite, meta-
volcanics, quartz sericite schist, and migmatitic gtejss.
These rocks have undergone greenschist-facies meta-
morphism (Herreid and others, in press).

Near Eek Point, Wales Group greenschists contain
broken and rotated relict crystals of hornblende in a
matrix of chlorite, albite, and tremolite. The horn-
blende shows incipient overgrowths of tremolite. These
textural relationships and the presence of interbedded
metakeratophyres indicate that these greenschists re-
present original volcanic ash layers in the Wales Group
and that the hornblende represents a primary volcanic
lGem:;hysical Ingtitute and Solid-Earth Sciences Frogram, Unj-

versity of Alaska, Fairbanks, AK 99701.
2 Alaska DGGS, College, AK 99708.

mineral that was partially altered to tremolite during
greenschist-facies metamorphism.

Minerals and whole-rock samples ranging from 0.445
to 0.034 percent K5O were dated. The ages of the three
minerals (hornblendes) with the highest potassium con-
tents (0.285 to 0.445 percent K9O) agree within
analytical uncerlainty and have a mean value of 486 +
15 m.y. (lable 1), Two hornblendes (DT72-51A and
-52C) ara from pgreenschists near Fek Point, with
tremolite overgrowths as discussed above. The third
hornblende dated (72C149 + 72C136) comes from a
migmatite gneiss from Sunny Cove that appears to have
undergone the same preeanschist-facies metamorphism as
the Wales Group (Herreid and others, in press).

Tremolites from the two greenschists (DT72-51A
and -52C) and a wholerock metakeratophyre (72C-
174B) have very low potassium contents (0.034 to
0.053 percent) and yielded significantly higher apparent
ages (661 to 526 m.y.). These vesulls indicate that the
lremolite and metakeratophyre ages are affected sig-
nificantly by inherited argon—unlike the hornblendes,
which have much higher potassium contents and there-
fore have produced larger quantities of radiogenic
argon.

Although the tremolite and metakeratophyre ap-
parent ages are discordant with the mote rellable
hornblende ages, all of these data colleclively define a
straight line {correlation coefficient 0.999) when plotted
on a 40Ar.40K isochron diagram (fig. 3) and yield an
isochron age of 475 m.y. The concordant hornblende
ages and the fact thatl all of the age data (it an isochron
suggest that the Wales Group was involved in a regional
thermal event that cooled t0 argon-retention tempera-
tures in Early Ordovician time.

The K-Ar data alone do not resolve the question of
whether this Early Ordovician event represents the
original greenschist-facies metamorphism of the Wales
Group ot a later thermal event that resef the K-Ar
clock but did not reach high-enough temperatures o
cause metamorphic recrystallization.

Churkin and Eberlein (1977), on the basis of pre-
liminary U-Pb zircon data, report that metamotphic
rocks of the Wales Group at Ruth Bay are intruded by
an underformed and unmetamorphosed trondhjemite
body that crystailized at least 730 m.y. ago. Assuming
that this preliminary age will be confirmed by ad-
ditional U.Pb work, they have proposed that green-
schist-facies metamorphism of the Wales Group pre.

11
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Prnce of Wales hland

Figure 1. Location map ol study area.

ceded the trondhjemile mirusion sometime during the
Precambrian. 10 this age interpreration is correcl, our
K-Ar dala indiculr {hat a scecond thermal event affected
these rocks afler Lheir Precambrian recrystallization,
The zivcon U-Pbh ages were apparenlly unaffected by
this thermal cvent, bul the K-Ar system was veset Lo Lthe
Farly Ordovician ages discussed above.

SILURIAN OR OLDER INTRUSIVE ROCKS

Hovablende from a deulerically altered granodiorite
pluton on the north shore of Max Cove was daled at
421 + 13 m.y. (DT72-58C). We consider this a minimum
age because ol the degree ol alleralion preseni. How-
ever, it agrees within analylical uncertainty wilh the
hornblende K-Ar age of 446 + 22 m.y. reported by
Lanpherc and others (1864) for a complex assemblage
ol granitic rocks ranging from diorite Lo quartz mon-
onite in Lthe Bokan Mountain avea, aboul 10 miles Lo
the cast. Lanphere has also determined hornblende K-Ar
ages of 440 + 13 and 4132 + 13 m.y. rom a gabbroic
body intruding rocks coeval with the Descon Formation
on Sukkwan Island, aboul $0 wiles south of ¥ek Poinl
(G.D. Eberlein and M.A. Lanphere, pers. comm., 1977).
These similar intrusive ages suggesl thal the 421-m.y.
minimuim age may be a rcasonable cstimate for the
cooling age of the plulon at Max Cove. This plulon in-
trudes rocks of the Middle 1o Lale Ordovician Descon
Formation and is overlain by an Barly Lo Middle De-
vonian basal conglomerale containing cobbles and boul-
ders of deutericalty allered granodiorite Lhal is com-
positionally and t urally similar Lo Lhe granodiorite of
the pluton (Herreid and others, in press). These sirali-

graphic age constrainls are in good agreement with the
radiomelric age evidence discussed above.

COPPER MOUNTAIN PLUTON AND
RELATED INTRUSIVES

Seven samples of granodiorite and monzonite [rom
the Copper Mountain pluton and related intrusive
bodies yielded concordant hornblende ages averaging
102 + 3 m.y. (table 1). Biotite from the granodiorite
body at Hetla Lake, which appears Lo be a salellite of
the Copper Mountain plulton, was dated at 105 + 3 m.y.,
concordant with the 103 + 3 m.y. age obtained from
coexisting hornblende.

The concordanl hornblende and biotite ages suggest
argon-blocking isotherms for these Lwo minerals passed
through the granodiovile body in a lime equal to or less
than the analylical uncertainty of the age delermina-
tions, This suggestion of relatively rapid cooling is con-
sistent witl geologic cvidence for shallow intrusion of
these  plolons discussed by Herreid and others (in
press), and we therefore believe that the mid-Cretaceous
age of 102 + 3 m.y. represents the time of emplacement
and cooling of Lhe Copper Mountatn pluton and its re-
luted inlrusive bodics.

One of these bodies—a Y-mile-dimneter granodiorite
plulon al 2546 mounlain, 3 miles east of the head of
Nukiwa Inlet—culs the Keete Inlet thrust. Its mean
hornblende age of 102 m.y. esiablishes thal regional
thrusting occurred hefore mid-Cretaceous time,

CONTACT METAMORPHIC ROCKS

A zone ol biolite hornfels crops out for a short
distance along the west side of the south arm of Chol-
mondely Sound. Biolite in the hornfelsed zone i3 dis-
cordanl to foliation in the greenschist country rock of
the Wales Group. This biotite was dated at 355 3 11
m.y. (72C410). Although there is no exposed intrusive
body in the area, the hornfelsed zone may be due to an
unexposed intrusive body at depth, This hypothetical
intrusive could be Devonian, assuming that the biotite
age represenls the age of intyusion.

A thrust sheet of actinolite hornfels caps the ridge
northeasl of Hetfa Lake, Actinolite from this hornfels
vields an apparenl age of 216 + 6 m.y. (DT72-604A).
This age is interpreted as a partial resetting of older
Wales Group rocks due o heating from the intrusion of
the Copper Mountain ptuton.

The hornfels aureole surrounding the Copper Moun-
Lain plulon was dated at Dell Island. Actinolite from
hornlelsed Wales Group greenschist, about 1 mile from
the contact of the pluton, gave an apparent age of
141 + 4 m.y. (DT72-55A). This age probably represents
nearly complele resetting of the Wales Group green-
schisl age by contact metamorphism.
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Table L. Anaiytical date for 408404y age determinations?

0 Arpaq, 4OAl'ra\d_ 40Arqq.
Field No, KsC Sample weight  (moles/g} 40g 404, Apparent age
Map No. (Lab. No.) Rock type Mineral dated (Wi %) {g) x10-11 x10-3 total + 10 (m.y.)
Wates Group
1 DT72-51A Greenschist Tremoliie 0.053,0.0563, 0.4524 5.534 41.60 0.698 *603+182
(73078) 0.052
X=0.053
1 DT72-51A Greenschist Tremolite 0.053,0A05I3, 0.4536 5.724 43.03 .591 *521+19
(73095) 0.052 =*p12
Ar replicate x=0.053
1 DT72-51A Greenschist Hornblende 0.349,0.348 0.5103 26.97 30.86 0,855 465114
(73079) 0.343
x=0.346
1 DT72-61A Greenschist Hornblende 0.349,0.346, 0.51186 28.99 33.17 0.861 496+15
(73096) 0.343 *=480
Ar replicate x=0.346
2 DT72-52C Greenschist Tremolite 0.044,0.045, 0.6535 5.222 46.28 0.317 *861+20
(73085) 0.043
x=0.045
2 DT72-52C Greenschist Hornblende 0.283,0.290, 0.5583 23.25 32.30 0.622 484+14
(73094) 0.282
%x=0.285
3 72C174B Metakeratophyre Whaole rock 0.035,0.034, 1.1503 2.971 34.28 0.165 ¥510+15
(730321) 0.034
*x=0.034
3 72C174B Metakeratophyre  Whole rock 0.035,0.034, 1.0689 3.192 36.81 0.701 2543+16
(73033) 0.034 xX=*528
Ar replicate x=0.034
4 72C149+ Migmatitic gneiss Hornblende 0.440,0.450 0.9837% 37.26 33.15 3.762 495+15
72C136 x=0.445
{75085)
Pluton at Max Cove
b DT72-58C Altered Hornblende 0.5706,G.580 0.35851 40.12 27 .62 0.938 421+13
(73100} granodiorite x=0.575 (Minimum Age)

¥1

§6 LY0ddY 31007030



6 72C410
(73108)

7 DT72-60A
{73102}

8 DT72-61B
(73088)

9 DT72-57A
(73097)

10 DT72-56A
(73082)

11 70C110
(72070)

11 700110
(72081)

12 DT72-59B
(73083)

12 DT72-59C
(73081)

13 DT72-55A
(73084)

Biotite hornfels

Actinolite

hornfels

Monzonite

Monzonite

Granodiorite

Granodiorite

Granodiorite

Granodiorite

Granodiorite

Hornfelsed
greenschist

Hornfels on Cholmoendely Sound

Biotite 8.127,8.140 0.1937 1569.8

x=8.133
Actinolife hornfels near Hetta Lake

Actinolite 0.300,0.310, 0.2902 1043
0.310,0.312
x=0.308

Copper Mountain pluton

Hornblende 0.729,0.729 2.1020 11.28
x=0.729

Hornblende 0.830,0.834 3.6282 13.03
x=0.832

Hornhlende 0.671,0.672, 2.1857 10.33
0.670,0.671
x=0.671

Hoxnblende 0.361,0.361 1.8417 5.652
x=0.361

Biotite 9.320,9.302 0.4671 1488
x=9.311

Pluton cutting Keete Inlet thrust

Hornblende 1.338,1.318 1.8662 22.74
x=1.328

Hornblende (.886,0.881 1.8532 1225
x=0.883

Hornfels on Dell Island

Actinolite 0.083,0.084, 0.6244 1.795
0.082
x=0.083

22.87

13.37

6.124

6.199

6.093

6.198

6.325

6.779

5.489

B.564

0.960

0.758

0.848

0.894

0.856

0.568

0.887

0.816

0.890

0.138

355+11

216+6

103+3

101+3

103+3

105+3

112+3

91.6x3
x=102

141+4

1Const.ants used in age calewlations: A € = 0.586 x 10710 vek: K

= 4.72 % 1010 yr-1. 40K’Ktot.al

2ages preceded by asterisks have been increased significantly by inherited 404r,

=319 x 16°% molfmol.
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Figure 3. 40K-40Arrad jsochron for Wales Group melamorphic hasemenl rocks.

SUMMARY AND CONCLUSIONS

Available vadiometric evidence suggests thal green-
achist-facies metamorphism of the Wales Group occurred
during Precambrian Lime and was followed by a regional
thermal event in the Early Ordovician. Granitic and
gabbroic intrusive activily occurred during the Ordovi-
cian and Silurian {sbout 450-420 m.y. ago). Regional
thrust faulting occurred some time after the neta-
morphism but before the latest episode of granitic
intrusive activity, which occurred in mid-Crelaceous
time (102 + 8 m.y. ago). This chronology will be of
imporlance in the search for possible terranes Lo the
south from which the Wales Group rocks may have been
tectonically displaced.
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KATMAI CALDERA: GLACIER GROWTH, LAKE RISE,
AND GEOTHERMAL ACTIVITY

By Roman J. Motyka!

INTRODUCTION

ML, Katmai (2,047 ), Jocated on the Alaska Penin-
sula in Kalmai National Monument, is part of the exlen-
stve Alculian arc system of aclive and sometimes violent
voleanism (fig. 1), On June 6, 1912, the Kalmai area was
devastated by one of Lhe largest and most dramalic erup-
tions in recorded history, Pumice and ash were scattered
over broad regions and massive pyroclustic ffows (illed
the valleys of Knile Creck and Lethe River, forming the
lamade Valley of Ten Thousand Smokes. ‘Three days of
violent eruplions culminated in the ercation of the ML
Kalmai collapse caldera. The subsequenl formation of a
craler lake, development of intracaldera glaciers, and
conlinuation of geothermal activily within the caldera
haye been documented by various investigators. The cur-
rent study was undertaken to delermine whal changes
have occurred within the caldera since Muller and
Couller’s (1957) observations of 1953, [feld work in
Augusl 1974 and July 1875 included resurveying the
lake surface elevation, collecting waler samples for geo-
chemical analysis, taking lake-lemperalure measure-
ments, and observing the growih of the lake and glaciers.

EARIY OBSERV ATIONS

The 3. by 4-km Kalmai caldera and crater lake were
first viewed in July 1316 hy Robert Griggs and his
Kaimai cxpeditionary party (Griggs, 1922), Stecp,
nearly verlical walls rose 600 to 1,000 m above 4
milky turquoise-blue lake. Large slump masses and
huge rubble accumulations were present along sections
of (he northern and southern walls of the csldera; the
rim of a voleanic cone protruded above waler level near
the center of the lake, evidence of postcaldera cruptive
activity. The caldera was mapped and (he elevation of
the lake was determined in 1917 during Grigg's second
Kalmai excursion. Fenner and Yori visited the Katmai
caldera in Juty 1923 (ienner, 1930) and [ound the
lake had drained. They descended Lo Lhe catdera floor
and examined the numerous mud pots, thermal springs,
and fumaroles that stil emanated (rom the relatively
flat lake bed. The voleanic cone was quiescenl, but a
mud geyser, 30 m in diameler, was violently erupting
in the northeastern part of the lake bed. Hubbard
(1935) during the late 1920s and 1330s documented

lUmvemit_\/ ol Atagka Geophysieal Institute, Fuairbanks, AK
99701,

the refilling of the lake and the growth of permanent
snow fields on the northern and southern sjump masses.
The' lake conlinued Lo rise. allaining an elevation of
1,188 m by July 1951 (USGS topographic map, Mt,
Katmai B-3, Alaska), an increase of 182 m in 28 years.
By 1953 the snowfields on the slump masses had
developed into glaciers, with the southern one reaching
lake level (Muller and Coulter, 1957) and a third one
flowing into the norlhwestern part of the caldera as the
resull of Now reversal in a glacier beheaded by the 1912
caldera collapse. By comparing gerial photographs taken
in 1951 and 1958, Muller and Coulter estimated that
the lake was still rising at a rate of more than 5 m per
year.

RECENT OBSERVATIONS

Observalions in 1974 and 1975 documented the
continued growth of the glaciers and rise in lake level
(fig. 2). At least 42 anpual snow layers were counted in
an exposed headwall of the south glacier, indicaling an
onsel of glacier development al leasl by the early 1930s.
All three glaciers terminate al the lake and caiving
occurs al several locations. ‘The warm waters of the
votcanic lake are now inhibiting any further glacier
growth, and if lake level continues Lo rise, significant
¢glacial ablation will prohably resull. However, the lake
level may be stabilizing.

In August 1974 a survey of the crater lake {rom
fixed poinis on the caldera rim determined the lake
surface to be 1,235 m in elevalion, an increase of only
47 m in the 23-year period beginning in 195). The
significantly lower rales of recent years contrast sharply
with Lhe pre-1953 rates (table 1); lhe increase of lake
surface area with height is much too small to account

. for this sharp growth-rate clecrease. On the basis of

estimales of lake volume increases and drainage area,
the 6.6-m/yr yate corresponds to 200-250 cm annual
precipilation, reasonable [or Lhis coastal environment,
The 2-m annual increase corresponds to an annual
precipilation of 30 to 80 ¢m, which is low. The exact
cause of (he sharp decrease in lake-level rise s unknown.
Perhaps at higher )ake levels (he pressurc head is suf-
ficient Lo cause considerable seepage through the Juras-
sic sandslones and shales of the Naknek Tormation be-
neath the volcanic rocks. From comparison with Grigg’s
original map, present lake depth is estimated Lo be 230
m.
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THERMAL REGIME, KATMAY CRATER LAKE

From interviews with local pilots who observed the
lake to be unfrozen in midwinter, Muller and Coultey
(1957) concluded that residual heat was still retained
within the caldera. Evidence gathered in early July 1975
indjcates that geothermal activity continues to affect
the lake. Several stations on the Jake surface were
‘located by resectioning from several conspicuous peaks
atong the caldera rim. Because the inflated raft used for
{ransportation was susceptible to wind drifting, station
locations are considered rough approximations. Tem-

Lake

Glacier, 1551

Glacla)l Flow

€
glacler Growrh, 1351-1975 /\/
./ 0

- Gy e

perature measurements were made with a protected
reversing thermometer from the surface to depths of
60 m at locations 1, 2, 3, and 5 and to 40 m ai
location 4 (fig. 2). The temperature profiles in four of
the locations were very simiiaz, with average tempera-
tutes of 5.3°C at 60 m and 5.8°C at 10 m (fig. 3).
By using the average temperature gradient of 0.005°C/m
for the 40- to 60-m depth range as representative of the
entire water column, the estimated bottom temperature
is about 4.5°C, which is above the temperature at which
water has its highest denslty (4.0°C).

An estimate of the 1974-1976 crater-lake heat budget

A

O
—-—— Dralnage 0lvide . Ql905/ —- 1700 °
e =
; ~
A Survey Station ’ —ye ]
600 J i
© Temperature and Sample Statlon

Base from U, S, Geologlcal Survey, 1951,
Katmal quadeangle, Alaska; and 1974,
1375 observations,

APPROXIMATE NORTH

[v) 500 1000 METERS

CONTOUR INTERVAL 100 METERS
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Table ). Summary of lake level changes, Mt. Katmai crater lake

Year Approx. lake depth (m) Est. annual change (m)
1917 10-15 2-3

1923 0 ?

1951 182 6.6

1953 --- Ba

1974 229 2

1975 230 1.2b

AR stimated photo comparison (Muller and Coulier, 1957).
Meagured by field suyvey,

was made by using Michel’s (1871) model for the
thermal regime of deep lakes. Weather conditions al the
caldera were extrapolated from weather data at King
Salmon and Kodiak. A conservative lapse rate of
0.43%C/100 m was used for determining caidera ajr
temperatures. The results of the analysis indicate that
even when conservative eslimates were made for all the
various heat-budgel factors, the July lake temperatures
were still abnormally high, implying a source of heat
still present at depth.

Station 5 was approximately ceniered over a zone
of yellowish discoloration about 100 m in diameter
that was easily seen from the caldera rim and which
roughly coincides with the location of Fenner’s “mud
geyser” (1930). A temperature of 5.5°C was measured
at depths of 10 and 60 m, indicating upwelling and
thermal mixing. The yellowish color of this zone was
caused by a dense stream of small sulfur particles that
appeared to be rising {rom a subaqueous source, The
areal extent, appearance, and location of the discolora-
tion varied, sometimes disappearing completely for
several minutes or motre. This zone had a markedly
different character in August 1974, appearing as 2
large boil of water, as if due to upwelling. The high
concentrations of sulfur in this and severai other areas
of the |ake were accompanied by continuous bubbling
activity and heavy odors of hydrogen sulfide and
organic gas. A pH of 2.5-3.0 was measured at all
tocations, Table 2 gives the geochemical analyses of
water samples obtained from 60 m depth af stations 5
and 2.

Extrapolations of average temperatures from King
Salmon and Kodiak indicate that the surface of the
crater lake should pormally freeze by early winter at
the latest. The presence and growth of glaciers within
the caldera also indicate a relatively cold climate. How-

ever, ERTS images taken February 11 and March 19,
1975 show the lske surface free of ice, providing
further evidence of geothermsl activity. However, an
aerial photo taken March 14, 1967 shows the lake
almost completely frozen over. The 1966-67 winter
temperatures were about normal at King Salmon and
Kodiak, but the 19574.75 winter lemperatures were
considerably below average. The lack of lake ice during
an especially cold winter may indicate that Mt. Katmai
is in a stale of thermal fluctuation or is beginning to
warm up. Significant changes in water temperatures of
crater lakes preceded recent eruptions at Ruapehu
Volcano, New Zealand (Dibble, 1974) and Taal Volcano
in the Philippines (Minakami, 1974}. Continued mon-
itoring of Katmai crater 1ake appears warranted,

T

OEPTH, METERS
5

Figure 8. Temperature-depth profiles at five locatiom|
in Mt. Katmai crater lake, July 7-8, 1975. (See fig.
2 for station locations.)

Table 2. Chemical analysis of water samples from Mét. Katmai crater lake (ppm)

Location? 8i0, H Ca Mg
2 120 8.9 300 51
5 140 11.4 300 62

Na X Li 50, cl F B
760 90 0.92 1250 1360 0.9 12
590 110 1.2 1200 1750 11 14

2See Figure 2.
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GEOLOGY AND K-AR AGE OF MINERALIZED INTRUSIVE ROCKS FROM THE
CHULITNA MINING DISTRICT, CENTRAL ALASKA

By R.C. Swainbank,! T.E, Smith,2 and D.L. Tumer3

ABSTRACT

Late Cretaceous Lo early Tertiary K-Ar dates on
micas and amphiboles from mineralized intrusives and
intrusive breccias in the Chulitna mining district pro-
vide ages Tor endogenic melallization and associated
hydrothermal alteration, which may overlie deep-seated
centers of porphyry mineralization. The K-Ar ages are
consistenl with a post-Upper Jurassic emplacement of
the ophiolite sequence in this district and support a
Late Cretaceous to early Tertiary age [or plate cover-
gence af this suture zone.

GEOLOGY

The Chulitna mining district, about 30 miles long
and 10 wiles wide, extends northeasterly from the
Eldridge Glacier along the southwest flank of the Alaska
Range, about 200 mites north of Anchorage. Hawley
and Clark (1973, 1974) reviewed the geology, geo-
chemistry, and mineralization of the Upper Chulitna
district and [he most recent work of Jones and Silber-
ling (pers. comm., 1877) has substantially modilicd
the age assignments ol several rock units in this district.

The structural grain of the district trends north-
easterly and at least 23 pipelike(?) intrusive breccias
associated with two centers of porphyrilic igneous
activity ave present near the West Fork of the Chulitna
River. Many of thesc breccias contain copper and
silver mineralization with occasional gold and molyb-
denum (Hawley and Clark, 1974).

Jurassic and Cretaceous argillite, graywacke, and
conglomerate along the northwesl flank of the district
are in conformable conlact with an interlayered lime-
stonie and pillow basatl unit of Triassic age to the south-
east (fig. 1). This unlt is succeeded to the southeast by
a sequence containing red beds, mafic volcanic rock,
caicareous argillite, angd limestone. Hawley and Clark
(1978) suggested a Permo-Triassic(?) age for the red-
bed unit, Jones (1976) assigned the unil a Late Triassic
age and noted that the red beds contain blocks of
older fossiliferous limestone. The mosi recent work of
Jones and Silberling, however, indicates an age of

1o & M Enginecring, Fairbanks, AK 89701.

250l(d-Earth Sciences Progyam, University of Alaska, Faiybanks,
AK 95701.
Geophysical Instilute and Solid-Earth Sciences Programn, Uni-
versity of Alaska, Fairbanks, AK 99701.

Permian (o Jurassic for this unit (pers. comm.; 1977),

An ophiolite suite containing basall, bedded cherl,
and serpentinized peridotite crops out along the south-
east margin of the red-bed unit and is separated from it
by the Upper Chulitna fault. Hawley and Clark (1973)
mapped the serpentinite, gabbro, and basalt as Ter-
tiary(?) and the bedded chert and basalt as Permo-
Triassic(?), whereas Jones (1976) suggested that the
chert from the dismembered ophiolite suite is pre-
Tithonian (pre-Upper Jurassic). However, recent work
has resulted in an Upper Devonian age assignment for
this chert (Jones and Silberling, pers. comm., 1977).

Along the southeast flank of the district lighily
folded Triassic(?) and Jurassic graywacke is in un-
conformable and partially faulted contact with the
ophiolite suite to the northwest. Jones (1976) stated
that this graywacke conlains {ossils indicative of a post-
Tithonian age, and hc 8nd Csejtey (1976) indicate
thal the ophiolite suile of the Upper Chulilna district
probabty represents a post-Tithonian suture zone be-
tween Late Paleozoic and Jurassic island arc and
oceanic matertal on the southeast side of the zone and
continental material on the northwest. The age range of
some of these units has been exlended by the recenl
work of Jones and Silberling.

Hypabyssal intrusions are present throughout the
district, mainly in the Jurassic and Cretaceous clastic
sequence. Diorite and andesile are more common in the
red-bed sequence, where they occur as plugs, dikes, and
sills, and also in the Bull River area, where they ap-
parcently constitute a large part of the bedrock.

Al the Golden Zone mine (figs. 1,2) a biotite quartz
diorite porphyry plug is host to a breccia pipe con-
taining copper mineralization. In the Bull River avea
(fig. 3), at teast 22 discrete subcircular outcrops and
rubble crops of breccia have been mapped. Several are
highly biotitized and contain copper sulphides.

Exposures are poor in the Bull River area, but
mapping of the residuat(?) rubble shows that andesitic
and dioritic intrusions are intruded by phaneritic granite,
rhyolite, granite porphyry, rhyolite porphyry, and
quartz porphyry and by a seties of fine-grained aplite
and felsite dikes, The granitic intrusions are themselves
intruded by a coarse-grained biotite quartz monzonite
porphyrty and by a series of latite and basalt dikes.
The breccias appear to contain fragments of all rock
types except quartz monzonite and basalt and are
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Figure 2. Generalized geologic map of the Golden Zone
mine avea showing localions of K-Ar age-date samples
(afler Hawley and Clark, 1968).

probably one of the latest phases of igneous activity.
Many of the breccias in this area conlain a hetero-
geneous mixture ol angular-lo-rounded fragments in a
matrix of clastic malevial. Their emplacement appears Lo
be controlled by preexisting faulls. There is no igneous
matrix and no apparent control of emplacement by
igneous intrusion contacts. Thev fit the definition of
inteusive breecias proposed by Bryant (1968).

MINERALIZATION AND ALTERATION

Production records from the Golden Zone mine
indicale ore grades of 1.4 percent copper, 0.99 ounces
ol gold per Lon, and 4.5 ounces of silver per ton. This
mineralization is mostly in the periphery of the breecia
pipe and is associated with intense sericitization of the
host biotite quartz diorile porphyry,

Most of the mineral deposits of the district (fig. 1)
are of the epigenetic vein or vein-disseminate type, and
metals commonly present include arsenic, silver, copper,
and gold (Hawley and Clark, 1373). Lead, zine, bismuth,
tungsten, and tin are fairly common and molyhdenhum
is present al Long Creek, where it is associated with
quartz porphyry dikes, and also in the Bull River area,
where il is associaled with the alkalic intrusive complex,

Selective sampling in the Bull River area disclosed a
variely of copper sulphides, molybdenite, arscnopyrite,
and pyrrholite, and assays showed significant contents
of gold and silver associated with the copper mineral-
ization. Many of the intrusive breccia occurrences in the
Bull River areu are mineralized and are centers of
potassic alteration, sequentially surrounded by sericitic,

argillic, and propylitic alteration zones. The hornfels
shown on figure 3 is highty siliceous and may have
resulted from regional silicification,

RADIOMETRIC DATING

Samples for age determination were selecled to
invesiigate the age of alleration associated with mineral-
ization, relative to the age of the various phaneritic
igneous rocks that might be genctically associated with
the mineralization. The locations of the rocks selected
for age determination ave shown in figures 2 and 3.
Analytical dala are given in table 1. Analytical work was
done in the (Geochronology Laboratory ol the Geo-
physical Institute, University of Alaska, Fairbanks.
Analytical technigues used have been described pre-
viously (Turner and others, 1973).

The freshest rock dated in the Bull River area, a
biotite quarlz monzonite porphyry, yields a biotite age
of 67.0 + 2.0 m.y. (76DS1). This age agrees well with
the dates from the host biotite quartz diorile porphyry
at the Golden Zone mine (8.2 + 2.1 m.y. and 68.5 +
2.1 my. for sampies 71AST264A and 71AST263,
respectively) and suggests that the porphyrics in these
two areas either were contemporaneous oy had their
ages resel by the same mineralizing evenl in latest
Cretaceous Lime.

The age (rom the mineralized breccia pipe at the
Jolden Zone mine (68.0 + 2 m.y., TLAST265) shows
thal the age of the alteratioh and minecralization at that
locality is either coeval with the enclosing Dbiotite
quartz diorite stock or that all dated samples represent
hydrolhermal age overprinting of the stock. The authots
favor the lalter intexrprelation because the primary(?)
biotite of sample T1AST264A is strongly chloritized
and because argillic alteration is evident in sample
7T1AST263,

Ages from the hornblende diorite porphyry in the
Bull River area (76DS3.1 and 76DS3.2, dated al
574 = 1.7 my. and 61.2 + 1.8 m.y., respectively)
must be considered minimum ages because the dated
homblende has been substiantially atlered to chlorite
and epidote. The age of the biotitic alteration from a
mineralized intrusive breccia in this area (76DS2, 62.4 £
1.8 m.y.) agrees within two standard deviations with
the biotite age of the nearby quartz monzonite por-
phyry (76DS1, 67.0 + 2.0 m.y.), The biotite in this
porphyry is slightly chloritized, suggesting the presence
of an age overprinl, as discussed above for the Golden
Zone mine,

DISCUSSION

We suggest that the mineralized breccias may indicate
the presence of concealed porphyyy copper-molyb-
denum-gold-silver mineralization, and the presence of
hypabyssal calc-alkaline intrusions associated with sim-
ilar mineral parageneses elsewhere in the district may
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Table 1. Analyiical data for 0K-40Ar age determinations’

Sample Rock type
71A8T263 Biotite guartz
dicrite porphyry
TLASTZ264A Biotite quartz
diorite porphyry
71LAST265 Altered breccia
pipe
76 DS-1 Quartz
monzonite
76 DS-2 Intrusive
breccia
76 DS-3 Hemblende
Neo. 1 diorite
76 DS-3 Hornbiende
No. 2 dicrite

Mineral

dated

Biotite

Bictite

Muscovite

Biotite

Bictite

Altered
hotnblende

Altered
hornblende

K40

(Wt.%)

8.317
_ 8.340
X=8.328

8.340
8.347
==8.343

9.362
9.357
%=19.359

7.073
7.240
7.050
7.030

x= 7.008

8.770
8,749
8.767
8.803
x=8.770

2,727
2.740
2.730
2,726

x=2.729

40414 40Arg 40Acr,q
Sample weight {moles/g) 40K 10 Ar
(g) x10°!1 x10°3 total
Golden Zone Mine
1.0545 85.83 4,080 0.940
0.7198 86.44 4.101 0.537
0.4126 95.77 4,051 0.940
Bull River Area
0.1235 71.50 3.988 0.818
0.1447 82.26 2,713 0.768
0.2142 23.50 3.409 0.841
0.2613 18.78 3.640 0.764

2.100
2.010
2.00C
2.060
x=2.043

Age £ 17
(m.y.)

685+ 2.1

66.2 + 2.1

68.0+2.0

67.0+2.0

624+ 1.8

57.4 + 1.7

{(Minimum age)

61.2+18
{(Minimurm age)

H

Constants used in age caloulations: 4.~ 0,635 x 10710 yeurt, )S: +.72x 10719 yearl 40K/K total = 1.19 x 1074 mol/mol.

LEBT - ADOTOID NVISYIV NO SHLON LUOHS

Lz
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represent the uppermost parts ol other porphyry sys-
tems as described by Lhe models ol Sitlitoe (1973) and
Lowell and Guilbert (1970). ‘The lollowing statement
by Gilmouy (1977) is particularly significant: “if the
inlrusive breccias contain copper and other metallic
minerals, or limonite derived {rom the oxidizalion of
copper and/or iron sulphides, they probably overlie a
buried or concealed porphyry copper system, cven if
the countéry rocks are nol exposed, or if exposed are
weakly mineralized or barren.’”’ Intrustve breceias con-
taining copper sulphides are abundantly present in the
Bull River area, and a breccia pipe has been mined for
copper, pold, and silver at the Golden Zone wmine.
‘I'nese breceias are associated with porphyritic intrusions
in both areas, Mineralized cale-alkaline intrusions are
presenl in al least three other localities in the upper
Chulitna district, extending as lar soulh as the Eldridge
Glaciey (fig. 1), which suggests thal the district may
contain several concealed porphyry copper deposits.

Our K-Ar ages suggest a latest Crelaceous to carliest
Textiary age (or mincralization al both the Golden Zone
mine and the Bull River arca. The age of the spatlially
associated quarlz diorite and quarlz monzonile poy-
phyrics may lave been resel during mineralization,
although il is possible that mineralization was coeval
with postemplacement cooling of Lhe porphyyies. These
ages arc consislent with early Tertiary plaie convergence
as posbulated for other endogenetic Pacifie-rim mineral-
ization (Guild, 1972; Sillitoe, 1973). OQur data suggesi
further age constraints on plale convergence and on
emplacement of the Chulitng vphiolile, unti] now
considered as a post-Upper Jurassic, probably Cre-
laceons, suture zone {Csciley, 1976).
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THE RICHARDSON LINEAMENT - A STRUCTURAL CONTROL FOR GOLD DEPOSITS
IN THE RICHARDSON MINING DISTRICT, INTERIOR ALASKA

By T.K. Bundtzen! and R.D. Reger!

INTRODUCTION

The Richardson district, along the southern margin
of the Yukon-Tanana upland (fig. 1) has been a center
of gold mining since the discovery of deep gold placers
on Tenderfool Creek in 1905 (Prindle, 1913; Saunders,
1965). Total known production is about 95,000 ounces
of gold and 24,000 ounces of silver (Brooks, 1922; E.N.
Wolff, oral comm.). In 1976 the Alaska DGGS assessed
mineral resources in the Richardson district and mapped
a prominent northwest-trending phologeologic linea-
ment system that may control mineralization.

BEDROCK GEOLOGY

The bedrock of the Richardson area is composed
of metasedimentary and metaigneous rocks that have
undergone greenschist-to-amphibolite [acies metamor-
phism and have been intruded by Mesozoic plutons
(Foster and others, 1973). The two most comman litho-
logies in the area are biotite-muscovite-oligoclase-quariz
schist and muscovite-biotite-pennine-albite-quartz-acti-
nolite schist (unit ms in fig. 2). F.R. Weber (oral comm.}
reports sillimanite gneiss north and east of the study
area. Coarse-grained K-spar-gyuartz-muscovite metagran-
ite(?) (unit mg in fig. 2) occurs near the head of
Buckeye Creek adjacent to several outcrops of epidote-
actinolite hornlels (unit hs in fig. 2), Saunders (1965)
reported metagranitic rock in the Rosa Creek drainage.
A dark-green epidote-rich bornblende gneiss (unit hg in
fig. 2) is exposed in an open cut in Hinkley Gulch.
Horblende from this rock has an unusually high
specific gravity (> 3.3) and & high K90 content of
1.994 percent (table 1). The chemical composition of
the rock (table 2) and its mineratogy suggest that it was
a schist that was metasomatised and thermally meta-
morphosed, perhaps during emplacement of the nearby
porphyry, Hornblende from the gneiss yields a minimum
age of 113 + 3.3 and 102 + 3.1 m.y. (table 1).

Pink- to tan-weathering sericitized porphyro-apha-
nitic quartz-orthoclase porphyry (unit rp in fig. 2) is
exposed in Democrat Creek and Hinkley Guich, was
encountered beneath Susie Creek (churn-drill boring
2 in fig. 2), and occurs in the tailings on Tenderfoot
Creek (fig. 2), Quartz and carlsbad-lwinned orthoclase

1 Alaska DGGS. College, AK 99708.

oceur as large (1 em) euhedral phenocrysts in an
aphanitic to fine-grained quartz-sericite groundmass, but
the feldspar is commonly altered or absent because of
weathering, The porphyry on Democrat Creek is locally
gossanized and veined with quartz, and contains dis-
seminated sul{ide psuedomorphs. It yields a minimum
age of 86.9 + 2.6 m.y. (table 1), which may date the
hydrothermal alteration and mineralization,

SURFICIAL GEOLOGY

The rounded bedrock ridges and hills are blanketed
with extensive wind-blown organic silt of variable
thickness (fig. 2). The silt has been retransported to
form valley fills that are perennially frozen and ice rich
(Péwé, 1975). The organic silt is 1 to 8 m thick in the
drainage of Banner Creek and overlies 4 to 5 m of
fluvial sand and gravel that locally contain rich placer
gold deposits.

Distinct linear features identified on aerial photo-
graphs may represent a northwest-trending fracture
system (fig. 1). The major feature, herein termed the
Richardson lineament, extends at least 35 km from
lower Tenderfoot Creek through Democrat and Red-
mond Creeks to the Salcha River. Although no ex-
posures of the linear were found, the Richardson linea-
ment appears to coontrol the distribution of the gquartz-
orthoclase porphyyy and the placer gold deposits,
Former productlon shafts, associated tailings cones, and
open-pit workings are concentrated along, downslope of,
and downstream f(rom the Richardson lineament on
Tenderfoot, Buckeye, and Banner Creeks, in Hinkley
Guich, and near the head of Junction Creek downstream
from Lhe point of its beheading by Democrat Creek

(fig. 2).
GEOCHEMICAL RESULTS

Anatyses of seven chip samples of gossan-rich guartz
porphyry on Democrat Creek show anomalies in silver,
lead, antimony, and uranium (fig. 2, table 3). Porphyry
samples from Hinkley Guich are slightly anomalous in
lead, antimony, and uranium but not gold or silver.
Lead and silver values in the porphyry are coincident
and lead-bearing gold-silver ore occurs in the tailings
of the early drift mines on Tenderfoot Creek (Saunders,
1965).
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Figure 1. Major photogeologic lineaments of the Richardson mining district. Symbols:
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dotted where inferred.

Gold fineness in pan concentrates from Hinkley
Gulch and Tengerfoot Creek averages 670 (table 4),
which is typical of the low average fineness (720) for
the Richardson district reported by Smith (1941), but
the samples are small and may not be representative.
The low gold fineness, angularity of the placer gold,
and associated base-metal mineralization led Saunders
(1966) to suggest that base-metal mineralization ac-
companied introduction of the gold.

Pan concentrates collected during this study are rich
in titanium minergls (table 4). The presence of cas-
sitetite in Hinkley Gulch and monazite in drill-hole
4 (fig. 2) is unigue, perhaps indicating a local source in
the porphyry plutons. Saunders (1965) reported schee-
lite in pan concentrates fiom Democrat Creek.

CONCLUSION

In the Richardson district northwest-trending tinea-
ments apparently control Lthe distribution of mineralized
porphyry bodies thought to be the source of placer gold.
Exploration along the Richardson lineament northwest

Democrat Creek, SC = Susie Creek,” BaC = Banner Creek, BuC = Buckeye Creek,
Hinkley Guleh, TC = Tenderfoot Creek. Lineaments dashed where approximate,

of the Banner-Democral Creeks area may locaie un-
discovered placer gold and lode deposits.
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Table 1. Analytical dala for K-Ar age determinations!
Sample 404y, 40Ary,g  40Argg

K,0 weight (molesﬁg) 40K 40 Ay Age + 10
Rock type Sample Mineral dated  (wt. %) (g) x 1011 x10-2 tntal (m.y.)?
Hornblende 76BT302A Hornblende 1,994 0.9720 34.329 6.816 0.902 113.0 » 3.4
gneiss
Hornblende 76BT302A Hornblende 1.894 0.0751 31.17¢ 6.190 0,732 102.9 + 3.1
gneiss replicate
K-spar .76BTRich- K-spar 3.433 0.1127 45.121 5.203 0.881 86.9+26
quartz age
porphyry
Constants used in age calculations: Jp v 0.5K5 x 10°L0 year-l, >B= 4.72 x 10710 yearl, 40K /K total = 1,19 x 1074 mol/mol.
1Analyscs performed by VD.L. Turner and D. Duvall, Geophysical Institute, University of Alaska, Fairbanks, AK 99701.
“Minimum age.

Table 2. Geochemical analyses of rocks from Richardson area, Alaska (w!. %)!

Rock type Sl02 A|203 F9203 MgO MnO CaO Na20 Kzo : Ti02 H20+ H20- P205
K-spar quartz 69.3 12.6 1.9 1.0 0.03 2.0 1.1 5.8 0.38 3.0 <01 0.06
porphyry
Hornblende 60.3 12.6 8.3 2,0 0.20 12.0 3.5 0.63 0.60 0.1 <0.1 0.08
gneiss

lDone by rapid-rock technique by Skvyline Laborvatorles, Whealridge, CQO.

Table 3. Geochemical analyses of rock samples, Richardson district (ppm)!

Map
locality?  Sample Au Ag Cu Pb Zn Mo Sb U Th Sample description
L BT 320a  0.32 7.5 58 137 21 6 150 20.5 22.5 Five chips of gossanized por-
2 BT 320b  0.29 51 51 151 14 8 60 17.5 19.5 phry from portal of adit
above mill,
3 BT 308 0.31 2.9 60 38 21 6 19 18.2 13.8 Six chips of porphyry along
4 BT 308 0.31 55 40 569 18 2 43 16.6 18.8 schist contact zone above east
side of Democrat Creck.
5 BT 304 0.21 0.0 81 5 2 1 5 5.8 0.8 Porphyry chip.
6 BT 305 0.29 1.3 38 38 22 10 9 .- 16.5 Porphyry chip.
7 BT 307 1.02 9.9 62 3,530 47 11 600 ‘. 16.8 Porphyry chip from expo-
sures near saddle between
Junction-Democrat saddle,
8a BT 310a 0.63 0.0 62 9 5 0 5 9.9 3.0 Amphibolite schist.
8b BT 310b 0.33 0.0 67 17 27 ) 5 9.2 1.8 Quartz-muscovite schist.
] BT 321 0.30 0.0 45 67 52 7 9 21.9 10.3 Porphyry chip from Hinkley
Gulch,
10a BT 315 0.27 0.6 42 76 8 1 70 22.3 19.8 Eight chips of porphyry from
LOb BT 319 0.31 0.0 28 40 24 6 5 14.5 24.0 hillside east of Hinkley Gulch.
11 BT 313 0.32 0.0 47 18 20 5 5 7.4 13.0 Metagranite with pegmatitic
textuve.
12 BT 318 0.21 04 75 5 0 1 ) 1.6 0.3 Chip of large quartz vein.
13 BT 302 1.33 0.0 68 17 72 1 5 .- 11.5 Hornblende gneiss grab sam-

ple.

I Analyses by atomic absorption specirophotometry. DGGS Minerals Laboratory.
2$ee fig. 2 for sample locations.

. ——— g
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Approximate conlicl

Photogeulogie lincament, dished where
appraximate, dolied where inferred

Figure 2. Geology of the Banner-Tenderfoot Creeks area, Richardson mining district, Alaska.



Table 4. Analyses of pan concentrates from the Richardson district, 1976.

Location

Hinkley Gulch mine

Democral Creek

Tenderfooi Creek

Bedrock drill-hole 2

Bedrock drill-hole 3

Bedrock drilt-hole 4

Minerzls preseat!

{magnetic & nonmagnetic fractions)

Gold lineness®

Major:

Minos:

Major:

Minor:

Major:

Minor:

Major:

Minor:

Major:

Minor:

Majior:

Minor:

Iimenite, rutite.

Cassiterite, zircon magnetite quartz, plagio-
clase, epidole, garnel, gold grains - very fine

and flat.

Garnet, ilmenite magnetite, elinopyroxene,

quartz, plagioclase.
Zircon, sphene. Abundant flat and angu-
far gold.

Quartz, amphibole, clinopyroxene,
garnet, magnetite, ifmenite.

Zircon, sphene, gold grains - fine grained
and [tat.

Pyrite, guartz,
Dolomite, very minor gold,

Quartz, K-spar
Magnetite, ilmenite, muscovite, very
minor goid.

Rutile, ilmenite

Monazite, scheelite, grossularite garnet,
amphibole, tourmatine, zircon, fluor-
apatite, sphene, magnetite, epidote.

670

920

Remarks

Based on heavy-mineral fraction obtained from mining
operation in Hinkley Gulch.

Material is from three pans of ‘virgin' channel deposits.
Cancentrate was 2% gold; also anomalous Sb {65 ppm]),

From three pans of drift mine dump rear first ‘e’ of
“Tenderfoot” on fig. 2; anomalous Mo (61 ppm}.

Coniains anomalous Cu (124 ppm), Ph (20 ppm),
U (20,7 ppm}.

Contains anomalous Pb (176 ppm).

Monazite {raction (1% of concenirale) shows 280
counts/min, on DGGS scintillation counter {background
is 9 counts/min).

1
X-ray work by Namok Veach, DGGS Minerals Laboratory - Major 210%; Minor £10% of sample,
Goid fineness by D.R. Stein, DGGS Minerals Laboratory.

LLBT - AD0T0ED NYHSVTIV NO STLON LBOHS
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BOULDER CREEK TIN LODE DEPOSITS

By C.N. Conwellt

A lode-tin deposit found on Boulder Creek in
the Talkeetna Mouniains D-5 quadrangle (fig. 1) was
explored in 1973 and 1974 by diamond drilling.

GEOLOGIC SETTING

Tin mineralization occurs within sedimentary rocks
that have been subjected to both regional and hydro-
thermal alteration. 'The mincralized zone ({ig. 2) lies 560
feet north of a small granite pluton (Conwell, 1973)
that appears similar (o the gruniles thal are associated
with the major tin deposits of the world. T'he deposil
has been Lenlatively described as pneumatolytie-hydro-
thermal (nomenclature by Sainsbury, 1969). Although
the tin mineralizalion is very poorly cxposed, a bull-
dozer laid bare an area mapped by B.L. Reed of the U,S.
Geological Survey and Fred McGarry of the Grandview
Fixploration Company as a breccia zone (figs. 2 and 3).
The only recognized lin mineral is cassiterile, which
varies from nearly (ransparent to dark brown in hand
specimen.

Geochemical Lin anomalies on Lhe north flank of the
Alaska Range have been reporied by Reed and Elliotl
(1968) on Camp Creek, in the drainage immediately
wesl of Basin Creek, and to the southeast in the drainage
of Ripsnorter Creek. Tin occurs in the Yentina placers
near similar granite plutons (Hawley and Clark, 1973)
south of the Alaska Range, about 60 miles from Boulder
Creek.

METALLURGY

Samples were tested for mineral beneficiation. In a
heavy-liquid separation (specific gravity of 3.0) of a
sample that had been crushed through a setl of rolls Lo
-10 mesh, 94 percent of the tin was recovered in 2
sink fraction Lhat assayed 8 percent tin. A 500-¢ sample
ground to 70 percent passing 2 -150 mesh screen in-
creased ihe grade of the concentrate lo 10 percent tin
with a 86-percent recovery.

Two shaking-table tesis were conducted with 5,000-g
samples. The (irst, with the sample reduced to 100
percent -14 mesh, gave a concentrate assaying 14 per-
cent tin with a 79.2-percent recovery. In the second
table-test (70 percent of sample passing -150 mesh),

! Aluska DGGS, Collepe, AK 9970L.

88.6 percent of the tin was recovered and the con-
centrale averaged 10.38 percent. The material used for
these tests averaged 1.83 percent tin, Although the
grade of the (in concentrate could undoubtedly be
upgraded by flotation to remove the sulfide minerals,
the tests indicated ihat simple concenlration will not
produce a high-grade tin concentrate.

DIAMOND DRILLING

In the exploration program 5,237 feet of drilling was
completed in 23 holes. Of these, 12 drill holes intex-
sected zones containing more than 0.53 percent tin
(table 1). These holes were geometrically analyzed to
determine the shape of the ore body. The indication is
thal 10 of the drill holes with shows of tin avre in or near
a plane that strikes N. 119 E. and dips 64° east; the tin
occurrences in drill holes 73-2 and 74-18 do not fit Lhe
paltern. The tin occurrence in drill hote 74-7 is close to
the plane, bul was nol used in the average for deter-
mining zone strike and dip (fig. 3).

Analyzing drill-hole locations with projections of the
strike and dip ol the tin vein shows six holes to be
drilled ioo far wesl. No samples were taken in drill
holes 74-6 and -11, the core was poor in hale 73-4, and
there was 55 feet of overburden in hole 74-13. Dril
hofes 73-1 and 73-3 should have inteysected the vein but
assayed a maximum of 0.053 percent tin. The interval
belween 71 and 86 (eel in drill hole 74-3 was assayed
wilh negative results. [n suinmary, from 13 holes that
should have inlersecled a tin-bearing vein, nine had good
values (a weighted average of 2.41 percent tin for an
average width of 9 feet), two holes were not assayed,
and Lwo holes were negative. One drill hole, 74-11,
indicated a split, or “horse,” in the vein,

The associated silver values range from pegative to
9.47 oz/lon (table 2). There is no firm correlalion be-
tween the silver and tin.

ORE RESERVE

AL this stage of exploration, the proved reserve ap-
pears small—about 150 tons which, if sold at the mid-
July 1977 market value of $5.17 per lb, would gross
slightly more than $1.5 million.

The inferred reserve, 523 tons, is worth $5.4 million
at the above quotation.
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Figure 2. Drill-hole pattern.

SUMMARY

A pneumatolytic-hydrothermal tin-bearing vein is
believed present near a granite plulon, but mineraliza-

tion may be limited to the breccia zone.

A small resexve of tin has been devetoped by diamongd
dritling and a larger reserve can be inferred. The resource
could be several times the
exploxation is warranted, Additional drilling and metal-
lurgical work are needed to evaluate the Boulder Creek

ore body,
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Table 1. Tin values from drill holes.

Total Tin-assay Vein width Average Width x
Drill hole gepth (ft) Angle (%) depth (f1) Length! (ft) _(ft) assay (%) assay
p.12 56.8 45 24.2 13 12.2 3.42 41.724
P-2 74.4 72
73-1 259.0 45 .-
73-2% 357.2 45 220.9 0.3 Sen 0.62
73-32 67.5 90 0 29.4 12.8 1.77 22.656
73-4 102.0 45 -- -
78-5 246.4 90
73-62 140.0 45 74.5 12.0 11.3 6.5 73.45
74-12 166.2 70 92.6 6.4 4.5 2,69 12.105
74-22 377.6 90 159 10 4.4 0.79 3.476
74-3 162.6 45
74-4% 145.0 456 48 26 24.6 1.45 35.67
74-5% 100.7 70 83 7 4.9 0.51 2.499
74-6 239.8 90
74-78 120.4 90 12 2 NN 1.22
74-8 125.4 90
74-9 235.0 90
74-10 249.8 90 N
74-11% 395.8 90 226.92 6.5 2.8 0.67 1.878
262.6 6 2.6 0.53 1.378
74-122 273.3 80 202.0 2 0.9 0.62 0.5568
74-13% 217.2 45 82.6 5.6 B, 0.96
74-14 253.0 45
74-15 374.8 60 C e
B1.0 195,392

Average width : 9.0 i
Avcrage assay © 2.41%

,]l,n'nulh of mineralized zone in Arill hole,
Used Lo determine sirike and dip.
Congidered ¢cxotle vreurrence,

Table 2. Sitver values from drill holes.

Total Depth lo Lengih Average
Drill hole depth (1) Angle !02 silver (fL) (It) silver {oz)
P-1 56.8 43 22.2 2 1.37
P-2 74.4 72 124.4 4.5 L.23
73-1 259.0 45 -- -
73-2 357.2 45
73-3 67.5 30
734 102.0 45
78-5 246.4 20
73-6 140.0 45 62 3 5.05

80.5 2

74-1 166.2 70 N
74-2 377.6 90 .-- .. .-
74-3 162.6 45 ..
74-47 145.0 45 48 4 1.40
74-5 100.7 70 .. ~- - ‘.
74-6 239.8 90 .- .-
T4-7 120.4 90
74-8 125.4 90 -~
74-9 235.0 90 356 34 3.19

74-10 249.8 950 .-
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Table 2. {(continued)

38
Total

Drill hole depth (ft) Angle (©)
74-111 395.8 80
74-12 273.3 a0
74-13 217.2 45
T4-14 2563.0 i 45
74-15 374.8 60

Depth to Length Average
silver (I1) {f1) silver (oz)
67.7 196.9 9.47
182.4 2.1 1.11
82.6 3.7 1.59
219.1 8.3 3.24

lCon‘esDOnds with show of L,
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COMPARISON OF MERCURY-ANTIMONY-TUNGSTEN MINERALIZATION OF
ALASKA WITH STRATA-BOUND CINNABAR-STIBNITE-SCHEELITE
DEPOSITS OF THE CIRCUM-PACIFIC AND MEDITERRANEAN REGIONS

By P.A. Metz!

INTRODUCTION

Mercury and antimony deposits worldwide have been
traditionally classilied as epigenetic vein deposits ol the
epithermal zone, whereas tungsien deposits have been
classified as contact-metasomalic deposits of the meso-
thermal zone. Maucher (1976) has shown that much of
the cinnabar, stibnile, and scheclite mineralization of
the Civewm-Pacific and the Mediterranean regions is both
isogenctic and stratabound; be summarized the major
charactevislics of Lthe Hg-Sh-W mineralization of these
arcas as (ollows:

1) The fundamental metal supply took place during

the early Paleozoic and is genetically associated
with basic volcanism.
The primary straia-bound Hg-8h-W mineralization
reacted differently to subsequent geoleclonic and
geothermal events. The strata-bound sequences
have generally been melamotphosed Lo the green-
schist facies and are accreled along earlier con-
tinenlal margins.

Peculiarities of younger deposils are a funclion of

reactivities and mobilities of the elemenls and of

differences in subsequent magmatic and mela-
maorphic events which transformed, mobilized,
and redeposited Lhe ore minerals.

a, Scheelile, the least mobile of Lhe Lhree ele-
ments, is limited Lo the primary strala-bound
sequence excepl in cases ol granitizalion and
intrusion of magma, where the mineralization
is localized in reaction skarns and quariz fis-
sures.

b. Stibnite may be found in Lhe contacts belween
the primary sequence and younger rocks. Duy-
ing greenschist-facies metamorphism Lthe nmin-
eralization is concenlrated in lenses along fis-
sures and fractures.

c. Cinnabar has the greatesl mobility and is
redeposited in younger horizens with or with-
out stibnite.

4) Mercury deposits are of Mesozoiv-Cenozoie age.

5) The source of the Hg-Sb-W is volcanic aclivity
along Cordilleran-Lly pe subduction zones.

6) The Hg-Sb-W association is Circum-Pacilic, as

2

-

3

~—

'Mincrul Industrv  Rescareh Laboratory, University of Alaska,
I"airbanks, AK 99701,

evidenced hy invesiigalions in Korea, Tasmania,
Bolivia, and California.

METAL PROVINCES

Cobb (1970a,b; 1975) has compiled comprehensive
bibliographies on the mercury, antimony, and fungsten
occurrences in Alaska. Clark and others (1974) have
defined five metal provinces in Alaska that include one
or more of these elements as a major conslituent and
five more Lhat have one or more of lhe elements as a
minor conslituent (table 1}.

The first six provinces listed in table 1 contain
tungsien. The counlry rock types are greenschist-facies
metasedimentary and melavolcanic rocks. The country
rocks are Paleozvic or older and the intrusive rocks,
which range from pranodiorite Lo granite, are both
Mesozoic and Cenozoic. At the major accurrences that
are associated with inlrusive rocks, scheelite is present
ih the intrusive complex (Byers and Sainsbury, 1958) in
reaction skarns or within quartz veins filling fractures in
the counlry rocks. Stibnile occurs within the six
provinces as lenses, or ‘kidneys,” within (ractures anad
fissures in the schists. Mercury is present only as a minor
element,

The Kuskokwim River province contains major mer-
cury and antimony vein mineralizalion, and the Good-
news Bay province conlains minor mercury vein mineral-
ization. The associated country rocks are predominantly
Mesozoic and include sedimentary and volcanic se-
quences. Inlrusive rocks near (he deposits range from
dunite Lo rhyolite and are Mesozoic and Cenozoic in age.
Tungsten minevalization is not present in either pro-
vinee.

The Chugach Mountains-Kodiak Istand-Gulf of Alas-
ka province contains several minor fungsten occurrences
associated with gold quartz veins. The country rocks are
greenschist-lacies melamorpbics. The parent rocks are
trench deposits, including graywacke, shale, and as-
sociated mafic volcanic rocks. Tungsten is associated
with Cenozoic intrusive rocks, which are mainly quartz
diorite. No antimony or stibnite mineralizalion is
present.

Major lungsten mineralization is present in the Hyder
intrusive complex. The country rocks are Mesozoje¢, and
the intrusive complex is Cenozoic, Theye is no meycury
or antimony mineralization associated with the com-
plex.
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Table 1. Melal! provinices in Alaska tha!l include cither {ungsten, anlimony, or mercury (after Clark, 1974).

-
S
Elemental Age of Associated major
associalions country Age of intrusive structural
Location of belt Major Minor Associated country rocks rocks Asgsociated intrusive rocks rocks features

1. Northwest Seward Sn-Au- W Siltite, phyllite, graywacke, Paleozoie Granite, quartz monzonite, Mesozoic Numerous unnamed

Peninsula F-Be quartz schist, and graphitic  or older and monzonite thrust faults.
- schist.

2. Central Seward Au HgPy -------- Do, --------- =Do. - e Do.=-ve-mn-- ---Do.--- e Do.------
Peninsala AgW

3. SouthernSeward So-W Sb-Hg- -------- Do.--------- -Do. - e Do.-o-v-vnn Cenozoic - ---- Do, ------
Peninsula Au F-Pb-

Ag-Bi

4. Centiral Brooks Au Sh-W Quartz-mica schist, mafic - Do. - Granite, guartz monzonite, Mesozoic Numerous unnamed
Range greenschist, ealeareous and granodiorile thrust faults {major

schist gquartzite, and east-wesi Tault at
graphitic schist. Wiseman).

5. Yukon-Tanana Sn-W As-Cu- Quartz-mica schist, cal- Paleozoic  Granite to granodiorite Mesozoic Tintina, Shaw Creek,
uplands, in- Au-Pb- Sh-Ag  careous schist, graphitic or alder {minor and Kattag faults and
cluding Fair- Zn schist and amphibolite. (minor Cenozoic) unnamed laitts along I
banks district Mesozoic) the Tatalina and =

i o
Toiovana Rivers and =
Beaver and Hess 8
Creeks. —

6. Fairbanks-Hot Sb-Au- Pb-Zn- Same as above plus Paleozoic  Granite Lo granodiorite, Mesozoic and Tintinz fault and un- g
Springs dis- Ag Hp-W-  argillite graywacke, or oider migmalitic granodioriie. Cenozoic named faulis along o3l
trict and north As phyliite, slate, and (minor Tatalina and Tolovana 8
flank of Alasks marbie_ Mesozoic Rivers and Beaver and )

and Hess Creeks. I~
) Cenozoic} o

7. KRuskokwim Hg-8b- As Voleanic graywacke, Mesozoic  Rhyolite, dacite, trachyte, Cenozoic Farewell, Togiak-Tikchik
River region Au mudstone, sandstane, {miror and andesite. {minor and Iditarod-Nixon faulis.

and shale. Paleozoic Mesozoic)
and
- Cenazoic)

8. Goodnews Bay Pt-Pd- Hg-Ag- Siltstone, chert, and Mesozoic  Dunite and peridotite. Mesozoic Togiak-Tikchik Taule,

area Au Cu mafic volcanics. and (minor
Paleozoic Cenozoic}
{minor
Cenozoic}

9. Chugach Moun- Au-Cu  Pb-Zn- Graywacke, shale, lava, Mesozoic Quartz diorite. Cenozoic Border Ranges fault and un-
tains, Kodiak Ag-W  tuff, aggiomerate, mafic named fauits on the south
Island, and voleanics, and minar sides of Kodiak and Montague
Gulf of Alaska conglomerate, Islands.

10. Hyder district Mao-W- Fine-grained schist, Mesozoic Quartz monzonite, Cenozoic Unnamed northeast-trending
Cu-Pb- phyllite, and horafels. granodiorite, and fault.
Zn-Axy- quartz diorite.
Ag

Elemental
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Except for the Hyder district, the major tungsten
mineralization in Alaska is found in greenschist-facies
metamorphic lerranes of Paleozoic or older age. The
metamorphic sequences include both metasedimentary
and metavolcanic rocks. The major stibnite oceurvences,
which are found in the Fairbanks and Kantishna dis-
tricts and the southern Seward Peninsula, are in these
metamorphic rocks. Within the above terraces only
minor isolated occurrences of cinnabar have been re-
ported.

SUMMARY

There are many similarities between the Hg-Sb-W
deposits of Alaska and the strata-bound cinnabar-
stibnite-scheelite deposits of the Circum-Pacilic ang
the Mediterranean regions, particularly the metal pro-
vinces of the Seward Peninsula, Brooks Range, Yukon-
Tanana upland, Fairbanks-Hot Springs-north flank of
the Alaska Range, and the Kuskokwim River region.
However, the Goodnews Bay, Chugach Mountains-
Kodiak Island-Gulf of Alaska, and the Hyder provinces
do not fit well into Maucher’s model, but the mercury
and tungslen occurrences in the Goodnews Bay and

Chugach Mountains areas, respectively, sre few and
small. The productive tungsten deposits in the Hyder
district are significant, but may be explained as re-
mobilizations from older metamorphosed souyce rocks,
Alaskan occurrences of Hg-Sb-W should be investigated
further within the straia-bound framework.
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EARTHQUAKE RECURRENCE AND LOCATION IN THE
WESTERN GULF OF ALASKA

By 4.T. Dillon!

INTRODUCTION

Aboul 7 percenl ol the annual worldwide release of
seismic energy occurs in the Alaska-Alculian seismic
belt, where the Pacific plate underthrusls the American
plate (Sykes, 1971). In this region great earlhquakes,
which occur when the accumulated strain due to con-
vergency exceeds Lhe sirengith of the plate rocks, are
more common than in alt bul 2 of the §1 seismic belts
of the earth (Yegulalp and Kuo, 1974). This paper dis-
cusses Lhe number, magnitude, and loci of earthquakes
that may occur in the western Guit ol Alaska in the
wesiern parl ol Lhe Alaska-Alealiab seismic bell during
the nexl century. ‘Uhe principal source of data is the
seismic history of the Alaska-Aleutian area as tabulaled
by Meyers {1976).

RECURRENCE INTERV AL CALCULATIONS

Since 1899 al least 80 earthguakes with Richter
magnitudes greater lhan 6.0 (M 6+) have occurred in
the western Gull of Alaska (fig. 1). The recurrence
interval for major earthquakes within a given area of the
western gulf can be estimated from historic carthquake
occurrence. Within Lhe western gull the ‘historic’ re-
currence interval is assumed (o be equal Lo Lhe historic
earthquake occurrence rate for the area, whereas the
‘regional’ recurrence inferval is compuled by multiplying
the historic occurrence inlerval for the whole Aleutian
Arc by the ratio of the length of arc in the western gulf
to the entire length of Lhe arc. Regional recurrence
intervals also can be approximzled (rom observed
strain rales. However, incomplele geologic evidence
from uplifted Holocene marine tervaces suggesis much
longer recurrence intervals than those calculaled (rom
these othey methods,

HISTORIC RECURRENCE

Hislorie seismicity is considered for lwo western
gul{ regions coincident except at their western boandary
(fig. 1) and for two time intervals (1932-1574 and 1899-
1974). Region A extends (rom the Shumagin lslands
Lo Prince William Sound, parallel Lo the Alaska-Aleutian

T Alaska DGGS. College, AK 997 08.

seismic bell. Region B, which encompasses the main
aren of altershocks from the Alaska Good Friday
Earthquake of 1964, is an arca that apparently deforms
as a slructural unit (Kelleher, 1970; Sykes, 1971}).
Region B is truncated at 156°W. because other estimates
of recurrence intervals for the Shumagin-Kodiak gap are
available. The period 1932-1974 was chosen because the
Alaska seismic recording network was improved in 1932
to rccord most M 6+ earthguakes, Only M 7+ earih-
quakes are considered for the 1899.-1974 interval he-
cause the record is nol complete for smaller events
prior to 1932 (table 1).

The {frequency and magnitude of M 6+ earthquakes
that occurred in regions A and B between 1932 and
1974 arc ploiled in figure 2. If this period is representa-
tive of (he seismic aclivity of the region, the figure
shows Lhe approximate number of earthquakes grealer
than a given magnitude that are likely Lo oecur there
during Lhe next 42 years. For exampie, about 13
earthquakes of M 7+ should occur in region A during
a 42-year interval (about 9 ol Lhese in region B alone).
By dividing the number of events into the time intervat
considered, a recurrence interval of 3.2 years is ob-
Llained for earthquakes of M 7+ (table ), fig. 2) in
region A.

The ends of the occurrence lines on figure 2 ave
nol well controfled. The low-magnitude end project§

Table . Historie und regional recurrence intervals,

Recurrence interval at
specific magnitude (yr)?

Region®  Period  Method® M6+ M7+ M3+
A 1932-1974 H 0.5 3 20
A 1899-1974 H .- 4 25
A 1899-1974 R .- 7 46
R 19032-1974 H 0.6 5 40
B 1899-1974 M -- é 40
B 1899-1974 R -- 10 60

Shum- 1920-1974 H 8 35

agin

Gopd  1899-1970 |4 . .- 52420

ANt highest measured magnitude,
See fig, 1,
€4l - Historie, t- Regional.
Computatins of Bavies and others (1076).
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Figure 1. Earthquakes greater than magnitude 6.0 in western Gulf ot Alaska, 189Y-1974,

above the data points al M 6.0 and 6.25 because the
network did not detect some of these carthquakes until
it was improved in 1965, The 42-year lime inlerval is
barely long enough for the oceurrence ol a single high-
magnitude (M 8+) earthquake. T'he data, however, sug-
gest historic recurrence intervals of 20 vears lor region
A and 40 years for region B (or great earthguakes.
Comparable historic recurrence inlervals are compuled
for the longer T5.year seismic record (1899-1974)
from regions A ang B (table 1).

REGIONAL RECURRENCE

The regional recurrence inlerval of region A (lable 1)
is obtained by multiplying the historic recurrence in-
terval of the whole Aleutian Arc - - - 2 yeays for M 7+
earthquakes, 10 years for M 8+ . - - by the ratio of the
length of the arc in region A (1,100 km) to the total
fength of the arc (3,600 km).? This method gives a flair
approximation of seismicily in the wesiern gulf because
its tectonic framework is sinilar to thal of most ol the
arc. The same method was used to compute the re-
currence intervals for both region B (750 kin) and the
Shumagin-Kodiak seismicity gap.

Sykes (1971) and Page and others (1972) show that
recurrence intervais of M 8+ carthquakes derived from

25ce tigs. T and 1L of Yegulalp and Kuo. 1974: and appendix
11 of Duavies and others, 1976,

r——

* Davra polnty, raglon A

~ Data points, regien

v ! + 4

No. of earthquokes, 1932~ 19875 (42 years)
13

N i 1 A —L 1 1 1 P L. 1
&0 ') 7.0 25 Ba B.5S
F.arthavske mogaltude

Figure 2. Barthquake Jjrequency vs. magnitude for
regions ol Lhe western Gulll of Alaska ((ig. 1),
1932-74. Lines are visual averages ol the occurrence
rate indicated by the dala points for regions A and B,
respectively.

strain rates of converging plales are between $ and 200
years—an interval thal is too great to be ol predictive
use until the historic motion of the Pacific plate is
better defined, but of the same order of magnitude as
the intervals calculated here.
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GBEOLOGIC RECURRENCE

Plafker (1969) identified six uplilted matine lerraces
on Midgdleton fsland that dale back 4,500 years. ‘The
island was uplifted during the 1964 earthquake, and if
the terraces were [ormed by similar seismic events, the
tecurrence interval for greal carthquakes in Prince
William Sound is 800 ycars, much longer than (hat
derived by any previously discussed method. However,
Sykes (1971) poinied out that terraces ormed during
earthquakes may nol always be preserved. The average
height between the Lerraces o Middlelon Istand is aboul
25 feet, whereas uplifi during the 1964 event was 13
feet; therelore, Lwice as many evenls may have occurred
and a recurrence interval of aboul 400 years would then
be indicated. Slow regional subsidence ovey a long
period preceded the 1964 carthquake in some of the
uplified area, This may bhave decreased both Lhe netl up-
lift and the calcutated uplilt intervals.

Thus, the concepl of applying data from a small
arca such as Middleton Island to the weslern Gulfl ol
Alaska is guestionable. Plafker (1969) described the
hislory of recenl vertical movements in he region as
“a fragmenlary one based largely on rapid reconnais-
sance,” called his conclusions “lentative,” and sug-
gested Lhat “addilional work, involving far more radio-
carbon daling (of marine terraces) is required Lo obtain
detuiled data on vertical mavements.” ‘I'herefore, until
a regional study ol marine terraces in the western Gulf
ol Alaska becomes available, prudence dictates that the
recurrence inlervals of great carthquakes given in table
1 he accepled tor design ol carthquake and Lsunamis
registenl structures and other developments—especially
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in view of the damage wreaked by the 1964 Good
Friday [Barlhquake (National Academy ol Sciences,
1972).

EARTHQUAKE LOCATION

Large earthquakes with hypocenless in the western
Gulf of Alaska will probably occur at a depth of 15-30
km atong the Aleutian Beniofl zonc. The epicenters of
M 7.9+ earthquakes can he tentatively predicted by
studying the space-time seismicily pattern to discover
areas lhal have nol had major earthquakes (seismicity
gaps) fov unusuvally long iimes. Epicenters ol (uture
M 6 to M 7.9 ecarthquakes can only be predicled
qualitatively.

Kelleber {1970) lists (hree lealures ol space-time
geaphs thal aid in predicling the location of large
varthquakes: 1) carthquakes of M 7.9+ show strong
linear trends (fig. 3a); 2) aflershock zones of successive
large earthquakes are nearly adjacent but do not overiap;
and 3) Lhe direction of (racture propagation during
large earthquakes is generally awav from the focal zone
of lhe previous large earthquake. This patlern suggests
that the concentration of stress is lransmitted system-
alically from one region to Lhe nexl by large carth-
quakes and thal gaps in the aftershock zones along the
are represent areas of high stored stress and high earth-
quake polential,

Kellcher (1970), in noting thal the Shumagin-Kodiak
seismieily gap was al the wesl end of an east-Lo-wesl
progression of earihguakes and ¢that most of the rest of
the arc had ruptured since 1938, predicted that the gap
will be the site of a great earthquake prior Lo 1980.

E :

«9% % , It

A

- T%'/;‘//: 1(LUQWL' 81'2 1¢0® ! 140° L

A 1980

o 8 . 7.5 —— - 11960

C . 7.91+——= 1 ia 8.5 %, .. 4

- - 8.2 .87 777 g 11940
Boundary of:

B oﬂfmhock que

600 :

Figure 3. Space-lime relationships and aftershock areas (ruled) of greal Alaska earthquakes (M 7.9+) since 1930, These

areas tend lo abul withoul significantly overlapping,

and prohably represenl cupture along major crusial blocks,
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Sykes (1971), however, suggesls that some of the strain
in this area may have been refeased duving two carth-
quakes of M 7.5 in 1946 and 1348, which diminishes
the potential for a great (M 8+) cacthgquake before
1980. (I'wo M 7.5 earthquakes would release bhut 20
percenl of the chergy released hy one M 8.5 earih-
quake.) Davies and olhers (1976) calculate the re-
currence interval foy M 8+ carthquakes in the Shumagin-
Kodiak gap as 52 + 20 yegrs {tabie 1), Because the lasl
great earthquake in the gap occeurred in 1938, the next
one showtd ocear in 1990 + 20 years.

The epicentler of a greal earthquake in the Shumagin-
Kodiak seismicily gap should be near the south end of
the Kodiak group of islands, where the aftershocks of
the 1964 Good I'riday Iarthquake ended (fig. 1), There
have beeh cight earthquakes of M 6.0-7.0 in this arca
(152:154° W., 56-579 N.) since 1965—aboul one pey
year—and the last seven M 6.0+ allershocks of Lhe
1964 earlhquake were also located there (lig. 4).

The Yakutal seismicity gap {fig. 3) was recognized
by Kelleher (1870) and Sykes (1971). Page (1975) and
Page and Lahr (1976) prediel that an M 8 earthquake
will probably occur in the Yakutat gap within the
next few decades,

Ihe recurrence interval of geeat earthquakes (table 1,
region A) indicates that Lwo carlhquakes of M 8+ should
oceur in the western Gulf of Alaska within about 60
years, One of these is likely Lo oceur in the Shumagin-
Kodiak gap and the second may occur in the altershock
region of the Good I'dday Varthquake of 1964 (region
B). ‘I'he lalier loeation is also consistent with recurrence-
interval data Cor region B, which indicate that an 8+
atagnitude carthquake should oceur there once in every
50 + 10 yoears, or between 2004 and 2024.

Magnitude 6.0 Lo 7.8 rvarthquakes are usually de-
struetive Lo nearby structures, but their location cannot
e speaficaly predicted in the western Gulf of Alaska.
Sevenly-five earthguakes of M 6.0 and nine earthguakes

600 154°

1500 56°

Figure 4. Strain relcase rom the 1964 Good Friday lsarthquake (contaurs) and deformed zones (vertically ruled) in the
weslern Gulf of Alaska (from von Huene, Shov, and Mallay. 1972, modified with data {rom Bouma and Hampton,

1978). Strain-releasc units ave 0,01 times the number of equivalent M 3.0 earthquakes per 5,200 km

nececssary to

represent the altershocks that occurred in a nnit area between 28 March and | May, 1964, Note the covrespondence
belween areas of high strain release anc the deformed zonces,
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of M 7.0+ should be expected in region B during the
next 42 years (fig. 2). Many of these major earthquakes
* will probably occur within deformed zones (fig. 1),
where there ave active faults, as evinced by abundant
ocean-bottom scarps (von Huene and others, 1976;
USBLM, 19717, graphic 12). The location of epicenters
within deformed zones is not yet predictable and should
be considered random. Data from the eight recently
installed seismic stations in the western gull (Pulpan
and Kienle, 1976) and microseismic data from proposed
ocean -boltom seismometer oetworks should increase
the preglctability of major earthquakes.
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