DEPARTMENT OF THE INTERIOR

U.S. GEOLOGICAL SURVEY

Sample locality maps, analytical data, and statistical
summary of analyses of rock samples from the Mount Katmai
quadrangle and adjacent portions of the Naknek and Afognak

quadrangles, Alaska

by

J.R. Riehlel, E.A. Baileyl, S.E. Church?, and M.E. Yountl

Open-File Report 89-570

This report is preliminary and has not been reviewed for
conformity with U.S. Geological Survey editorial standards
or with the North American Stratigraphic code. Any use of
trade, product, or firm names is for descriptive purposes
only and does not imply endorsement by the U.S. Government.

ly.s. Geological Survey, 4200 University Drive, Anchorage AK
99508

2y.s. Geological Survey, MS 973, Box 25046 DFC, Denver CO
80225

1989



Table of Contents

Introduction......... s e e et s ee s ea e ee e e e e 1
Description of geologlc units. .. .o ieiiiiiieeenn e 1
OV LV W, ¢ 4ttt it eieeeeeeseesoesoscssacnossassssssnnees 1
Paleozoic (?) and Mesozoic rocks (unit JPK).......... 2
Mesozoic rocks (units % ¢, & k, Jt, Jgr, Jgd, Jgd,
Jgb, Jn, Ks, Kh, Kp, and Kk) ... inenenenn. 2
Tertiary rocks (units Tc, Th, Ts, Tgd, Tqgd, Tgb, Tav,
Tmb, Tma, Ti, Tiu, and d) ..c.c.. ittt ecreonsonanns 3

Quaternary deposits and Quaternary or Tertiary rocks
(units Qs, Q0ls, Qac, Qad, Qap, QTac, and QTap)...5

Analytical methods.. ..o ieiiitieeererecessaasoncanoasseans 5

Analytical results.....ceiiitireenocnnannas N 6

Statistical summaries........ et ceeeaes et e 7

References cited....... e ee e t e e e s s e e s e e 8
Tables

(attached following text)

1. Limits of determination using the semiquantitative
spectrographic method

2. Elements analyzed by methods other than semiquantitative
spectrographic analy31s

3. Abbreviations used in tables 4 and 5

4. Geochemical analyses of stream cobble samples

5. Geochemical analyses of bedrock samples collected along
stream drainages

6. Listing of sample numbers and lithologic map units

7. Geochemical analyses of metamorphosed rocks

8. Geochemical analyses of plutonic rocks

9. Geochemical analyses of Naknek Formation

10. Geochemical analyses of Mesozoic sedimentary rocks other
than the Naknek and Kaguyak Formations

11. Geochemical analyses of the Kaguyak Formation

12. Geochemical analyses of Tertiary volcanic and hypabyssal
rocks

13. Geochemical analyses of Tertiary sedimentary rocks

14. Geochemical analyses of Tertiary dikes

15. Geochemical analyses of Quaternary and late Tertiary
volcanic rocks

16. Statistical summary of geochemical data for stream
cobble samples

17. Statistical summary of geochemical data for bedrock
samples collected along stream drainages

18. Statistical summary of geochemical data for
metamorphosed rock samples

19. Statistical summary of geochemical data for plutonic
rock samples

20. Statistical summary of geochemical data for rock samples
from the Naknek Formation

21. Statistical summary of geochemical data for Mesozoic
sedimentary rock samples



22.
23.
24.
25.
26.

Statistical summary of geochemical data
from the Kaguyak Formation

Statistical summary of geochemical data
volcanic and hypabyssal rock samples
Statistical summary of geochemical data
sedimentary rock samples

Statistical summary of geochemical data
from Tertiary dikes

Statistical summary of geochemical data
and late Tertiary volcanic rock samples

Plates

(attached following tables)

for
for
for
for

for

rock samples
Tertiary
Tertiary
rock samples

Quaternary

Localities of stream cobble samples and bedrock samples

collected during stream-sediment sampling

Localities of bedrock samples collected during geologic

mapping



INTRODUCTION

Evaluation of the mineral resources of Alaskan lands is
required of the U.S. Geological Survey by the Alaskan
National Interest Lands Conservation Act (ANILCA; Public Law
96-487, 1980). We report here some of the analytical
results of such an evaluation of a part of the Alaska
Peninsula between 58 and 59 degrees north latitude, the
Mount Katmai area (see index on plate I). Geologic mapping
and geochemical sampling of an east-west tier of quadrangles
including the Mount Katmai quadrangle, the eastern portion
of the Naknek quadrangle, and the western portion of the
Afognak quadrangle was conducted during the summers of 1983-
1986. The project is a part of the Alaska Mineral Resource
Assessment Program (AMRAP).

The data presented in this report comprise the bedrock
part of the Katmai geochemical data set; other reports and
data releases focus on the stream-sediment data (Bailey and
others, 1986; Bennett and Church, 1987; Church and Arbogast,
1989; Church and Bennett, 1989; Church and Motooka, 1989;
Church and others, 1989; Goldfarb and others, 1988; Ehrlich
and others, 1988). Description and discussion of the
potential for mineralization in selected areas, and an
overall assessment of the resource potential of the study
area, are the subjects of future reports.

DESCRIPTION OF GEOLOGIC UNITS

A preliminary geologic map of the Katmai AMRAP area
(Riehle and others, 1987) is the basis for the following
abbreviated descriptions of the geologic units and is the
geologic base for sample localities plotted on plates I and
II. A final geologic map is in preparation. The unit
symbols given below are those used on the preliminary map
and also in the statistical tables near the end of this
report. The descriptions here focus on the lithologic
nature of the map units; geologic structures in the Katmai
AMRAP area are discussed in Church and others (1989).

Qverview

The Katmai AMRAP area is part of the Alaska Peninsula
magmatic arc. Jurassic volcanic rocks intruded by Jurassic,
Cretaceous, and Tertiary plutons comprise the Alaska-
Aleutian Ranges batholith which occurs from south of the
study area north to the vicinity of Mount Denali (formerly,
Mount McKinley). The middle Tertiary Meshik volcanic arc
extends from the southern Alaska Peninsula north at least to
the Katmai region and perhaps into the Iliamna quadrangle
where Tertiary plutons of the batholith may be the deep-
seated equivalents of the Meshik volcanic rocks. Miocene



volcanic rocks located seaward of Quaternary vents in the
Katmai region document the onset of the modern Aleutian arc.
The most extensive rock unit in the region is the Naknek
Formation, a composite of upper Jurassic shallow marine,
littoral, and fluvial deposits that document the
unroofing and erosion of the Jurassic batholith. The main
structural feature is the Bruin Bay fault, a high-angle
reverse fault that in the Katmai region juxtaposes batholith
and older rocks on the west against the Naknek Formation.

Paleozoic (?) and Mesozoic Rocks (unit JPk)

The oldest rocks in the Katmai area are schist,
quartzite, greenstone, and amphibolite of probable
greenschist facies, and garnet-bearing gneiss of possible
amphibolite facies. Such metamorphic rocks crop out in a
northeast-trending belt as roof pendants within the Alaska-
Aleutian Ranges batholith. Although the majority of the
rocks show only effects of contact metamorphism by the
Jurassic intrusive rocks, gneiss on an island in the North
Arm of Naknek Lake ‘is suggestive of regional metamorphism
that could predate intrusive activity. Rocks having such a
metamorphic foliation (?), however, are known in only a
single outcrop and so are discussed together with rocks
showing effects of only contact metamorphism.

All metamorphic rocks in the study area are assigned to
the Kakhonak Complex (JPk), defined by Detterman and Reed
(1980) from exposures in the Iliamna quadrangle to the
north. The unmetamorphosed protoliths of the Kakhonak
Complex in the Katmai area include volcanic and sedimentary
rocks of the Cottonwood Bay greenstone (& c¢), the Kamishak
Formation (® k), and the Talkeetna Formation (Jt). The
gneiss and quartzite have no known compositional equivalents
among unmetamorphosed Mesozoic rocks in the area.

Mesozoic rocks (units B c, B k, Jt, Jgr, Jgd, Jad, Jdgb, Jn,

Ks, Kh, Kp, and Kk)

The oldest rocks in the study area of relatively certain
age are submarine lava flows, chert, and diabasic sills of
the Cottcnwood Bay greenstone (& c), now mainly
metamorphosed to greenshist facies. At the type locality in
the Iliamna quadrangle (Detterman and Reed, 1980) it is
inferred to be of late (?) Triassic age. In the Katmai area
the unit occurs as pendants in the Alaska-Aleutian Ranges
batholith. The greenstone occurs locally in sedimentary
contact with recrystallized limestone which is provisionally
correlated with the Kamishak Formation (& k) of late
Triassic age (Detterman and Reed, 1980).

The Talkeetna Formation (Jt) of early Jurassic age
disconformably overlies Triassic strata in the Iliamna
quadrangle (Detterman and Reed, 1980) but is conformable
with them at Puale Bay, south of the Katmai area (R.L.




Detterman, written commun., 1989). The unit consists of
volcanic tuffs, lahars, agglomerates, flows, and sills,
locally interbedded -with siltstone, sandstone, and volcanic-
clast conglomerate.

The Talkeetna Formation and all older rocks are intruded
by plutonic rocks of the Alaska-Aleutian Ranges batholith.
The intrusive rocks are predominantly granodiorite, quartz
diorite, or tonalite (Jgd and Jgd) but include gabbro,
granite, and diorite (Jgr and Jgb). K-Ar ages of eleven
Mesozoic samples range from 153 m.y. to 173 m.y. (Reed and
Lanphere, 1972; M.A. Lanphere, written commun., 1988), that
is, from middle to late Jurassic age.

Deposition of the Naknek Formation (Jn) in late Jurassic
time followed the intrusive activity. The Naknek Formation
includes fluvial, beach, and shallow marine deposits and is
the most extensive formation of the Alaska Peninsula. The
formation in the study area has been divided into four
members, from oldest to youngest, a lower conglomerate, a
sandstone, a siltstone, and an upper conglomerate (Detterman
and Hartsock, 1966; R.L. Detterman, written commun., 1989).
The siltstone member locally contains limestone concretions.
Even the lower conglomerate includes clasts of plutonic
rock, the oldest evidence for erosion of the batholith.

Siltstone and sandstone of the Staniukovich Formation
(Ks) conformably overlie the Naknek Formation 12 km north-
northeast of Mount Katmai. The Staniukovich Formation is in
turn overlain by the Herendeen Limestone (Kh) (Atwood,
1911); the dominant lithology of the Herendeen Limestone is
calcareous sandstone (R.L. Detterman, written commun.,
1989). Both the Staniukovich Formation and the Herendeen
Limestone are-of early Cretaceous age. Fine- to medium-
grained sandstone having carbonaceous debris and siltstone
of early Cretaceous (Albian) age disconformably overlie the
Herendeen Formation in the Katmai area. The Albian-age
rocks are named the Pedmar Formation (Kp) (R.L. Detterman,
written commun., 1989) for their type locality near Mount
Pedmar.

Upper Cretaceous rocks of the Kaguyak Formation (Kk)
unconformably overlie all older strata in the Katmai area.
The unit consists of sandstone, siltstone, and thin
limestone beds. In its upper part the unit has rip-up
clasts and load casts indicative of turbidite deposition in
a deep marine basin (Keller and Reiser, 1959; Detterman and
Miller, 1985).

Tertiary rocks (units Tc, Th, Ts, Tgd, Tgd, Tgb, Tav, Tmb,
Tma, Ti, Tiu, and d)

Tertiary strata in the Katmai region are preserved
mainly along Shelikof Strait. The Paleocene (?) and Eocene
Copper Lake Formation (Tc) is preserved near Cape Douglas,
and the upper Oligocene (J.A. Wolfe, written commun., 1988)
Hemlock Conglomerate (Th) occurs from near the Katmai River



to Cape Douglas. The Copper Lake Formation consists of
indurated conglomerate, sandstone, and siltstone and
contains altered volcanic clasts that were probably derived
from the Talkeetna Formation. The Hemlock Conglomerate
comprises poorly indurated shale, conglomerate, tuffaceous
sandstone, and coal.

Undifferentiated sedimentary rocks of Tertiary age (Ts)
occur west of the Aleutian Range crest and are moderately
well indurated, fluvial sandstone, siltstone, conglomerate,
and tuffaceous sandstone and siltstone. The
undifferentiated Tertiary rocks may be equivalents of the
Copper Lake Formation but their localized occurrence
suggests sedimentation in small basins having no necessary
temporal relations with one another.

Tertiary intrusive rocks of the Alaska-Aleutian Ranges
batholith are chiefly granodiorite and quartz diorite (Tgd
and Tqgd) but include diorite and gabbro (Tgb). Radiometric
ages of nine samples range from 25 to 37 m.y. (Reed and
Lanphere, 1972; M.A. Lanphere, written commun., 1988). Two
of these middle Tertiary plutons cross-cut the Bruin Bay
fault near Kulik Lake. Contact metamorphic effects--
induration, veining, and alteration--are prominent where
Tertiary plutons have intruded Mesozoic sedimentary rocks
east of the Bruin Bay fault. Hydrothermal alteration of the
deep-seated plutons, however, is not intensive.

Tertiary volcanic and hypabyssal rocks comprise two main
groups in the Katmai region: early to middle Tertiary lava
flows, domes, and dikes west of the Aleutian Range crest
(Tmb and Tma), and late Tertiary lava flows and sills at and
east of the range crest (Tav). Extrusives of the western
group are dominantly andesitic whereas the dikes and domes
are basaltic; altered quartz-bearing domes and tuffs
indicate magmas more siliceous than andesite. Three
radiometric ages range from 38 to 41 m.y. (F.H. Wilson,
written commun., 1987) and confirm assignment of the western
group to the subduction-related Meshik arc (Wilson, 1985).
The Meshik volcanics in the Katmai region commonly have
incipient propylitic alteration but neither mineralization
nor extensive alteration, probably owing to either a shallow
level of erosion or to the absence of extensive regional
intrusive activity.

Volcanic rocks east of the range crest comprise an early
Aleutian volcanic arc that was active during Pliocene and
Miocene time. Extrusive rocks are chiefly andesitic and
dacitic lava flows which overlie and locally deform rocks of
the late Oligocene Hemlock Conglomerate. Both volcanic and
sedimentary rocks are intruded by small tonalitic or
granodioritic plugs and plutons (Ti) that are associated
with hydrothermal alteration and oxidized pyrite.

Sills, dikes, and plutons of altered tonalite or quart:z
diorite occur in the region between Yori Pass and the
Rainbow River, northwest of the range crest (Tiu). These
hypabyssal intrusives are locally associated with
mineralization and (or) oxidation of iron in both the



intrusives and their sedimentary wallrocks. Owing to
prevalent hydrothermal alteration, no radiometric ages are
yet available.

Dikes (d) occur throughout the area east of the Bruin
Bay fault but are especially prevalent in the vicinity of
Tertiary hypabyssal intrusives and (or) east of the range
crest. Most have a northwest trend and are moderately to
highly propylitically altered. Dikes occur in rocks as old
as the Naknek Formation and as young as the late Tertiary
Aleutian volcanic rocks.

uaternary deposits and Quaternary or Tertiary rocks (units
1 ac a a Tac, and QTa

Quaternary and (or) uppermost Tertiary deposits of the
Katmai region are chiefly volcanic rocks and deposits of the
active Aleutian volcanic arc, and glacial deposits.

Although the entire study area has been extensively
glaciated several times, extensive deposits of drift are
found only west of the Aleutian Range in the Bristol Bay
lowlands. The glacial deposits and history of the area are
the subject of a separate geologlc map (Riehle and
Detterman, in press).

Volcanic deposits of the Aleutlan volcanic arc are found
chiefly near the active stratocones along the range crest.
The lava flows are mainly of andesitic or dacitic
composition and the domes of dacitic and rhyolitic
composition. Dacitic and rhyolitic ash-flow tuffs occur at
the south margin of the study area, in the Valley of Ten
Thousand Smokes and at Kaguyak Crater. Pumiceous air-fall
deposits of the 1912 Novarupta (Katmai) eruption are more
than 1 m thick in the area from the head of the Valley of
Ten Thousand Smokes east to Shelikof Strait.

ANALYTICAL METHODS

Rock samples were crushed and pulverized to <0.15 mm
using ceramic plates. All samples were analyzed for 31
elements by the semiquantitative, direct-current arc
emission spectrographic method of Grimes and Marranzino
(1968). The elements analyzed and their limits of
determination are listed in Table 1. Spectrographic results
were obtained by visual comparison of spectra derived from
each sample against spectra obtained from standards made
from pure oxides and carbonates. Values for iron,
magnesium, calcium, and titanium are reported in weight
percent; values for all other elements are reported in parts
per million (micrograms/gram). Spectrographic results are
reported in six steps per order of magnitude as follows:
1.0, 1.5, 2.0, 3.0, 5.0, and 7.0 (and powers of 10 of these
numbers) . These values are the approximate geometric
midpoints of the class intervals shown below.



Reported value Class interval limits

1.0 0.83 - 1.2
1.5 1.2 - 1.8
2.0 1.8 - 2.6
3.0 2.6 - 3.8
5.0 3.8 - 5.6
7.0 5.6 - 8.3

The precision of the semiquantitative spectrographic
method is approximately plus or minus one reporting interval
at the 83 percent confidence level and plus or minus two
reporting intervals at the 96 percent confidence level
(Motoocka and Grimes, 1976).

Selected rock samples were analyzed for certain elements
using more sensitive and precise analytic techniques. The
techniques used for each element, the lower limit of
determination, and a reference describing each technique are
summarized in Table 2.

ANALYTICAL RESULTS

(Tables 4 through 15)

Table 3 lists abbreviations used in tables 4 and 5.
Tables 4 and 5 contain analyses of rock samples collected
during the course of stream-sediment sampling. Table 4 (289
samples) has cobble samples collected from active stream
channels, and Table 5 (401 samples) has analyses of rock
samples collected from outcrops near stream-sediment sample
localities. Although samples in Tables 4 and 5 were
selected in part for being altered or having indications of
mineralization, the samples are not uniformly "mineralized".
Map numbers correspond to localities shown on plate I, in
which cobble samples are indicated by a solid circle (dot)
and outcrop samples are indicated by a solid triangle.

Tables 7 through 15 contain analyses of bedrock samples
collected during geologic mapping (1,205 samples), grouped
by lithologic unit. Such bedrock samples include altered or
visibly mineralized rocks, as well as rocks intended to be
representative of nonaltered parts of each of the map units.
Localities of samples listed in tables 7 through 15 are
plotted on Plate II. Table 6 lists sample numbers arranged
by increasing map number, that is, locality. A particular
locality on plate II is found in table 6 and the lithologic
unit is identified. Analytical results for the sample can
then be located in the particular data table (tables 7
through 15) appropriate to that lithologic unit.

For tables 4, 5, and 7 through 15, columns that have "S"
to the right of the element-symbol heading are emission-
spectrographic analyses; "AA" indicates atomic-absorption
analyses; "INST" indicates instrumenzal analyses; and "SI"
indicates specific-ion analyses. "N" means that a given



element was sought but not detected at the lower limit of
determination shown for that element in table 1. 1If an
element was detected but was below the lowest reporting
value, a "<" symbol is entered in front of the lower limit
of determination. If an element was detected but was above
the highest reporting value, a ">" symbol is entered in
front of the upper limit of determination. 1If an element
was not sought, two dashes (--) are entered.

Because of the formatting by the computer program that
produced tables 4, 5, and 7 through 15, some elements (Fe,
Mg, Ca, Ti, Ag, and Be) in places carry one or more
nonsignificant digits to the right of the significant
places. Analysts did not measure these elements to the
accuracy suggested by the extra zeroes. If determinations
for a particular element in tables 4, 5, and 7 through 15
were below the lower limit for all samples in the table, the
column for that element is deleted from that table.

All data in Tables 4, 5, and 7 through 15 were checked
against original sources prior to printing. In addition,
about 2 percent of the entries were selected at random and
checked for errors in locations and analytical results after
printing; none were found in the random sample.

o

STATISTICAL SUMMARIES
(Tables 16 through 26)

The median (value of the fiftieth percentile), geometric
mean (the ntP root of the product of n observations), and
geometric deviation (a measure of the degree of scatter of
the data about the mean) are presented for each element in
Tables 16 through 26. Additionally, the values of the 90th,
95th —ang ogth percentiles are given as an indication of the
skewness of the analytical distributions. Because semi-
quantitative spectrographic data are reported in
geometrically spaced classes, the Chi-square test for
normalcy or log-normalcy of distribution is not used because
the test is valid only for continuously distributed data.
Moreover, several of the element distributions are censored
by the lower detection limit. Cohen’s (1959) method of
estimating the geometric mean and deviation has been used
for those censored distributions having no more than 50
percent censored observations.

The statistical summaries are presented for several
groups of lithologic (map) units. Tables 16 and 17
summarize the results of Tables 4 and 5 for stream cobbles
and bedrock samples collected during stream-sediment
sampling, respectively. Tables 18 through 26 summarize the
results in Tables 7 through 15 according to lithologic
groups having similar element distributions. Lithologic
(map) units that are grouped together in the statistical
tables have similar means and element distributions as
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determined by inspection of frequency histograms (not
reproduced here).
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Table 1. Limits of determination using the semiquantitative
spectrographic method on a 10-mg sample

Element Lower limit of Upper limit of
determination determination
Percent
Iron (Fe) 0.05 20
Magnesium (Mg) 0.02 10
Calcium (Ca) 0.05 20
Titanium (Ti) 0.002 1

Parts per million

Manganese (Mn) 10 5,000
Silver 0.5 5,000
Arsenic (As) 200 10,000
Gold (Au) 10 500
Boron (B) 10 ) 2,000
Barium (Ba) 20 5,000
Beryllium (Be) 1 1,000
Bismuth (Bi) 10 . 1,000
Cadmium (Cd) 20 . 500
Cobalt (Co) 5 2,000
Chromium (Cr) 10 5,000
Copper (Cu) 5 20,000
Lanthanum (La) 20 1,000
Molybdenum (Mo) 5 2,000
Niobium (Nb) 20 2,000
Nickel (Ni) 5 5,000
Lead (Pb) 10 20,000
Antimony (Sb) 100 10,000
Scandium (Sc) 5 100
Tin (Sn) 10 1,000
Strontium (Sr) 100 5,000
Vanadium (V) 10 10,000
Tungsten (W) 50 10,000
Yttrium (Y) 10 2,030
Zinc (Zn) 200 10,000
Zirconium (Zr) 10 1,000
Thorium (Th) 100 2,000
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Table 2. Elements analyzed by methods other than

semiquantitative spectrographic analysis

Element
analyzed

Method used

Gold (Au)

Mercury (Hg)

Arsenic (As)

Antimony (Sb)
Zinc (zn)
Bismuth (Bi)
Cadmium (Cd)
Fluorine (F)

Tellurium (Te)

> B BB B

&

15

0.

0.

10

Lower limit of
determination

05

02

Reference

Thompson and
others, 1968

Modification of
McNerney and
others, 1972,
and Vaughn and
McCarthy, 1964

Modification of
Viets, 1978

do.

do.

do.

do.
Hopkins, 1977

Chao and
others, 1978



Table 3. Abbreviations used in Tables 4 and 5

Rock Type

sed. sedimentary rock

congl. conglomerate

sandst. sandstone

siltst. siltstone

lime/dolo. limestone or dolomite
gtzite quartzite

fels. ign. felsic igneous rock

int. ign. intermediate igneous rock
maf. ign. mafic igneous rock
ultramafic ultramafic igneous rock
chert/jas. chert or jasperoid

other not one of the above rock types

Alteratn (Alteration)

prop. propylitic
arg. argillic

sil. siliceous

ser. sericitic
feldsp. feldspathic
zeo. zeolitic.
Fe/Mn iron/manganese

Mindepfm (Mineral deposit form)

replac. replacement

dissem. disseminated

mag. seg. magmatic segregation
cont. met. contact metamorphic
porph. porphyry/stockworl
hot sp. hot springs
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