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STUDIES RELATED TO WILDERNESS STUDY AREAS
In accordance with the provisions of the Wildermess Act
(Public Law 88-577, September 3, 1964) and the Joint Conference

Report on Senate Bill 4, 88th Congress, the U.S. Geological

;Survey and U.S. Bureau of Mines have been conducting mineral

ssurveys of wilderness and primitive areas. Studies and reports
|

:of all primitive areas have been completed. Areas officially
gdesignated as "wilderness", "wild", or "canoe" when the Act was
épassed were incorporated into the National Wilderness
%Preservation System, and some of them are presently being

istudied. The Act also provided for suitability studies of areas

b
i

iunder consideration for wilderness designation. Mineral surveys

¢

‘constitute one aspect of the suitability studies. This report
|
!

.discusses the results of a mineral survey of national park

i
|

isystem lands in the Glacier Bay National Monument study area,
iAlaska, that are being considered for wilderness designation.
iThe area studied is between tidewater and the International

:Boundary in the Pacific Border Ranges about 160 km (100 mi)

fwest of Juneau in southeastern Alaska.
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Studies related to wilderness--National Monuments

Mineral resources of the Glacier Bay National Monument
Wilderness Study Area, Alaské
Chapter A

Summary and introduction

Summary
The Wilderness Study Area includes all of Glacier Bay National
Monument, an area of about 1,140,000 hectares (4,400 square miles or
2,817,000 acres) in the Pacific Border Ranges physiographic province
centered about 160 km (100 miles) west-northwest of Juneau, Alaska

(fig. A-1).

Figure A-1 near here

Mineral resource considerations may be a critical part of the framework
for current and future decisions about the monument and its boundaries
for several reasons: the monument was established before the area was
known to ‘be highly mineralized and mineral resources were thus not
considered in drawing boundaries; continuing retreat of some of the
major glaciers every year exposes more bedrock that may contain pre-
viously concealed mineral deposits, and much of the monument consists

of terr%p that is extremely difficult to prospect and explore.
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FIGURE A~i.——MAP OF GLACIER BAY NATIONAL MONUMENT

DEPOSITS, OUTLINES OF AREAS FAVORABLE FOR MINERAL DEPOSITS,

GEOPHYSICAL ANOMALIES.
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The monument includes a variety of environments favorable for
metalliferous mineral deposits and contains significant known magmatic
segregation, porphyry-molybdenum, porphyry-copper, vein-gold, base-
metal skarn, volcanogenic-base-metal, and beach-placer deposits. It
also includes environments favorable for coal, oil and gas, geothermal
energy, and industrial minerals, but our investigations suggest that
none of these are likely to be present in amounts of economic signifi-
cance.

This report presents pertinent geological, geochemical, geo-
physical, and engineering-sampling information
derived from a joint U.S. Geological Survey-U.S. Bureau of Mines study
of the area conducted from 1975 to 1977. It also synthesizes this
information to evaluate seven favorable areas containing identified
mineral resources and eight other areas considered to have undiscovered
resources. This study builds on the studies done by the Geological
Survey in 1966.

Geological Survey studies reported here included reconnaissance
geologic mapping, reconnaissance bedrock geochemical sampling, stream
sediment sampling, and field examination of a few of the mines, pros-
pects, and metallic mineral occurrences studied in more detail by the
Bureau of Mines. The geochemical investigations included collection,
processing, analysis and interpretation of 1,895 stream sediment and
1,873 bedrock samples. Statistical analysis identified 331 stream
sediment and 410 rock samples as containing anomalous amounts of one

or more significant elements.



Bureau of Mines mining-engineering studies included mining claim
record search; on-site claim, mine, and prospect investigations;
mapping and sampling of stained zones, altered zones, and geochemically
anomalous sites; and evaluation and interpretation of private reports
concerning mines and prospects. About 1,450 representative samples were
collected, analyzed, and interpreted.

About 1,200 claims, most of them lode, have been recorded in the
Haines and Juneau recording districts as being within the area studied.
A special effort by the U.S. National Park Service determined that about
200 were active in 1977.

Between 240 and 275 kilograms (7,000 and 8,000 ounces) of gold
were produced from the Reid Inlet gold district between 1938 and 1970,
and about 140 kilograms (4,000 ounces) of gold and an unknown amount of
platinum were produced from the Pacific Coast beach placers between 1890
and 1917.

Figure A-1 and Table A-1 show the locations and summarize the

TABLE A-1 NEAR HERE.

identified and undiscovered mineral resources estimated from the
studies. The Bureau of Mines prepared the estimates of identified
resources and the Geological Survey those of undiscovered hypothetical
and speculative resources. The favorable areas shown as containing

hypothetical resources on figure A-1 represent consensus between the
Bureau and the Survey. The following resource terms are used in
accordance with the joint Bureau of Mines-Geological Survey resource
classification scheme: identified, undiscovered, indicated, inferred,
hypothetical, and speculative.

A-5



TABLE A-1.--IMPORTANT MINERAL DEPOSITS AND FAVORABLE AREAS,

AREA FAVORABLE FOR
MINERAL DEPOSITS
(KEYED TO FISURE A-1)

ESTIMATED AMOUNT OF
MINERAL EXPLDRATION

DIFFICULTY OF
MINERAL EXPLDRATION

ORE ENY [ROMMENT

OEPOSITS WITH
TDENTIFIED RESOURCES
(XEYED TO FIGURE A-1)

A. PACIFIC BEACH SANDS

Back beach deposits are
little explored; since
1890 a total of 191 claims
have been located on the
beach deposits; in 1977
136 claims were actively
held

Modern bare beaches are
easy to axplore and sam-
ple; dense vegetation
{mpedes exploration of
back beach deposits

Heavy minerals including
9old, {lmenite and report-
ed platinum occur in mod-
erm and back beach sands
of the coastal plain be-
tween Sea Ottar Creek and
Icy Point. Pockat beaches
between Icy Point and
Dixon Harbor also contain
concentrations of heavy
sinerals

A total of approximately
4,000 oz of gold worth
$75,000 was recovered
from the beach sands de-
posits between 1890 and
1917 by small-scale min-
ing operations; identi-
fied resources are calcu-
lated for 12 blocks with
a total area of 260 hec-
tares (1 3q mi}; two
areas (1, 2 of fig. A-1)
within those biocks con-
tain higher than overall
avecage grade and their
resources are listed to
the right

B. CRILLON-LA PEROUSE

Yery 1ittle

Extramely difficult,
Rugged high mountain
glactal terrein; excel-
lent rock exposures in
places

Layered cumulus-type gab-
bro complex of unknown age
with known magmetic segre-
gation nickel-copper de-
posit {n peridotite-rich
pert; iron, cobalt, chro-
mium and platinue group
::ul deposits also possi-
e

BRADY GLACIER NICKEL-
COPPER WAGMATIC SEGREGA-
IIO')! DEPOSIT (3 on fig.
-1

C. MOUNT FAIRWEATHER
{Portion in monument)

Extremely little

Extremely difficult;
very rugged high moun-
tatn glacial terrain

Same as CRILLON-LA PERQUSE
favorsble area

ID. MARGERIE GLACIER
(Porphyry-copper
lenviromment )

SIZE
sq
HECTARES | MILES
2,070 8
24,600 9%
2,350 9
15,700 60

Yery little

Moderate to difficult;
rugged fiord and high
mountain glacial terrain,
excellent rock exposures
in places

Complex clastic, volcanic,
and carbonate section of
Permian{?) age intruded and
metamorphosed by Tertiary
and Cretaceous granitic
plutons and dikes with
known (€Bpper and
zinc-copper volcanogenic
deposits

MARGERIE GLACIER COPPER
PORPMYRY DEPOSIT (4 on
fig. A-1)
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GLACIER BAY NATIONAL MONUMENT WILDERNESS STUDY AREA, ALASKA

RESOURCES: ESTIMATED TOMNAGE, GRADE AND GROSS-IN-PLACE-METAL VALUE (Glm)y

10ENTIFIED UNOISCOVERED
INDICATED INFERRED HYPOTHETICAL SPECULATIVE o EROSTTSS
METRIC TONS | (TONS) NETRIC TONS (TONS) WETRIC TONS (Tons) METRIC ToNs | (Tows) PHYSICAL AMOMALIES
Mone estimated {a) 4.6 million w3} (6 millton yd?) | 70 million m3 | (90 million yd3) None estimatad -
containing 1.0% ilmenite, minor gold.| containing 13 {imenite, minor
The above includes: gold
(b) 153,000 »? {200,000 yd?)
containing 3.4% {Imenite at local-
ity 2 amd
(¢) 102,000 =3 (134,000 yd3)
contatning 4.2% flmenite, some gold.
Values are: (a) $1.11/m ($0.85/
yd?), (b) $3.83/md ($2.92/yd%),
(c) $5.22/m3 ($3.98/yd)
80 mitlion | (90 mitifon) 80 million {90 millton) 80 mitlion {90 wiilion) Mone estimeted Mumerous showings of cop-
per, nickel, titanium and
E-:::tl:atmry containing 0.53% nickel, 0.33% copper, and an wnspecified asount of platinum group iron mineralization in the
west and north portions of
GIPMY $2.5 bi1lion SIPMY $2.5 dillton GIPWY $2.5 billion the area
None estimeted None estimated None estimated 82 afllion (98 milljon)| Mumerous specimens of
containing 0.53% nickel and glacial float from sev-
0.33% copper eral locatfons indicate
concentrations of copper,
nickel, chromium and
platinum; large copper-
stained zones aobserved
near the contect from a
distance; very prominent
aeromagnetic anomaly; co-
balt, chromium, copper,
ntcke} bedrock geochemi-
cal anomalies not far to
wast
None estimated 145 millfon (150 million) 45 willion (50 million) None estimated In order of significance:
containing 0.2% copper, 0.27 containing 0.4% copper Tarr Inlet knob copper-
g/met. ton (0.008 oz/ton} gold, zinc-silver-goid pros-
4.5 g/met. ton (0.13 oz/ton) pect; moiybdenum bedrock
silver, 0.01% tungsten; plus and float geochemical
higher grade parts; GIPMV: anomalies both sides
$0.8 billion Johns Hopkins Inlet; 21
ppm gold stream sediment
anomaly north side same
fnlet; numerqus other
copper, zinc, siiver,
gold, tungsten showings;
other silver, gold, chro-
nium, copper, mercury,
nickel, lead, tin, tung-
sten bedrock geochemical
anoma!ltes
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TABLE A-1.--IMPORTANT MINERAL DEPOSITS AND FAVORABLE AREAS, GLACIER

SIZE

AREA FAVORABLE FOR DEPOSITS WITH
MINERAL DEPOSITS $Q ESTUMATED AMOUNT OF OIFFICULTY OF TDENTIFIED RESOURCES
(KEYED TO FIGURE A-1) | HECTARES | MILES KINERAL EXPLORATION MINERAL EXPLORATION ORE ENY IRONMENT {XEYED TO FIGURE A-1)
D. MARGERIE GLACIER - Same are: Yery little Same as above Masstive sulfide showings ORANGE POINT VOLCANOGENIC
Continued as above in volcanfc rocks; gold, ZINC-COPPER DEPOSIT (5 on
{Volcanogenic sulfide . copper, beryllium stream fig. A-1)
lenv i romment ) sediment geochemical anom-
alies
K. WARGERIE GLACIER - 6,480 2% Very iittle or none Difficult; precipitous Same as “D” above None
plortheastern exten- terrain, thick glactal
sion deposits at lower eleva-
tions
F. MARGERIE SLACIER - 10,200 9 very 1{ttle or none 0ffficult; precipitous Same as "D” above None
[Southern extension terrain and extensive
glacter cover
6. REID INLET 10,380 L] High to wmoderste; much fasy to moderataly diffi- Karrow, discontimuous sul- Mining in the 1940's from.
early surface prospecting cult. Most outcropping fide-bearing quartz velns the surface and shallow
veins have been found, in altered granitic rock underground workings re-
but not all have been ex- of Cretaceous age and horn- | sulted in 220 kg (7,150
plored; deposits not ame- felsic rock of Paleczotc oz) of gaid being pro-
nadle to geophysical or age duced, mostly from the
geochemical prospecting LeRoy (7 on fig. A<1) and
Rainbow wines
H. RENDU GLACIER 2,500 10 Very little or none Difficult to very diffi- Discontimvous carbonats "Messive chalcopyrite”
cult; although very rugged lenses in Devonian or copper-tungsten skarn
terrain, deposits are ame- Stlurian clastic rocks deposit (6 on fig. A-1)
nable to magnetometer occur near and next to
prospecting Cretaceous and perhaps
Tertiary granitic rocks;
hgh-grade skarn-type
tungs ten-copper-silver-
gld-zinc deposits of
unknown extent occur in
the contact zone
.- - - Moderate Easy, except for extensive Discontinuous carbonate ALASKA CHIEF COPPER SKARN
drush and timber lenses {n Devonian or DEPOSIT (8 on fig. A-1)
Silurian clastic rocks
near Tertiary granitic
body contatn skarm depos-
its with copper, golid,
silver, zinc
1. MJIR INLET 39,700 | 153 Probably more than other Moderate; excellent rock Paleozoic clastic and car- THE NUNATAK MOLYBOENUM
parts of the Xp es; moderate relief bonate rocks {ntruded and DEPOSIT (9 on fig. A-l)
hornfelsed by Cretaceaus
and Tertiary dikes; wide-
spread alteration and frac-
turing; known molybdenum-
copper-porphyry type stock-
work and disseminated win-
eralization. Vein type
copper, molybdenum, silver,
tungsten and replacement
or skarn-type copper-zinc-
tungsten deposits also pos-
| sidle




BAY NATIONAL MONUMENT WILDERNESS STUDY AREA, ALASKA -- CONTINUED

RESOURCES: ESTIMATED TONNAGE, GRADE AND GROSS- IN-PLACE-METAL VALUE (GXMI)-V
TDENTIFIED UNDISCOVERED
TOICATED INFERRED HYPOTHETTCAL SPECULATIVE Rl Rl il
METRIC TONS (Tons) METRIC TONS {ToNS ) METRIC TONS {Tons) METRIC TONS I {TONS) PHYSTCAL ANOMALIES
None estimated 250,000 (270,000) 0.9 willion (1 mill{on) None estimated Mssive sulfide showings
containing 2.7% copper, 5.2% zinc, containing 1.5% copper and 2.0% 1n volcanic rock may in-
1 gimet. ton (0.03 oz/ton} gold, zinc dicate additional volcan-
34 g/met. ton (1 oz/ton) silver ogenic deposits; gold,
& copper, beryllium stream
470,000 (530,000} sediment geochemical
containing 0.4% copper, 0.3% zinc, anomalies
0.2 g/met. ton (0.006 oz/ton) goid,
12 g/met. ton {0.35 oz/ton) silver;
GIPWY: $20-25 million
MNone estimated None estimeted None estimated Copper; unquantified Tungsten, molybdenum,
l S stream sediment anomalies
Mone estimated None estimeted Mone estimated Copper and zinc; unquantified None
Mone estimated None estimated About 480 kg (14,000 oz) of None estimated Highland Chief, Russell
gold in Otstrict as a whole Isiand, Ramblier and numer-
ous other lode gold show-
ings, some placer pros-
pects; gold, copper stremm
sediment anomalies
None estimeted 3,800 I {4,300) MNone estimeted Copper and tungsten; ynquan-| Float and in place samples
containing 0.5% tungsten, 5.0% tified indicate extensive area of
copper, 240 g/met. tor (7 oz/ton) high temperature tungsten,
silver, 5.2 g/met. ton (0.15 oz/ silver, zinc, and gold
ton) gold; GIPMV: $900,000 mineralization extending
intermittently for at
least 3k {2 wi)
24,000 (27,000) None estismted None estimeted Mone estimated None
containing 1% copper, 3.4
ig/met. ton (0.1 az/ton)
igold, 59 g/met. ton (2 o2/
iton) sflver
7.4 mi1lion | (8.2 miilion) 8.3 aillion {9.1 mtll1on) 90 million (100 millfon) Mone estimated Bruce Hills copper-molyb-
icontaining 0.06% molybde- containing 0.06% molybdenum and | containing 0.15-0.20% molyb- denum prospect; molybgenum
num and 0.02% copper; 0.02% copper denum stream sediment anomalies;
and copper, mercury, nickel,
124 million (137 million) tungsten, rock geochemical
containing 0.04% molybde- anomalies in part of area;
rum and 0.028 copper nuserqus copper-wolybdenus!
. showings including Gabie
CIPY: $550 millfon Mountain and Wachusett
Inlet
1
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TABLE A-1.--IMPORTANT MINERAL DEPOSITS AND FAVORABLE AREAS, GLACIER

SI12E

ares

Silyrisn age with carbon-
ate lenses; small granitic
plugs

AREA FAVORABLE FOR OEPOSITS WITH
NINERAL DEPOSITS SqQ ESTIMTED AMOUNT OF DIFFICULTY OF IDENTIFIED RESQURCES
I(KEYED TO FISURE A-1) | WECTARES | NILES MINERAL EXPLORATION RINERAL EXPLORATION ORE ENVIROMMENT (KEYED YO FIGURE A-1)
N. MUIR INLET EXTEN- §5,400 214 As above As above Similar to sbove, but None
SION fewer dikes and less frac-
. tured ground
K, CASEMENT GLACIER 61,500 238 Yery little Moderate to difficult due Similar to above None
W to inaccessibility, exten-
lenvironment ) stve glacier cover
L. CASEMENT GLACIER - 12,500 49 Yery Tittle As above Camplex clastic, volcanic None
Continued and carbonate sectton of
Permian age intruded and
setamorphosed by Tertiary
and Cretacecus granitic
plutons and some dikes.
Envirorment for volcano-
genic sulfide depostts
similar to ORANGE POINT.
(See ares "D*)
M. WHITE SLACIER 2,300 9 Little Moderste to difficult due Same as "L" above None
t0 steep terrain; some
glacier cover, brush and
timber at lower elevations
M. MOUNT ESCURES - - Little Moderate; timber and dbrush Cretaceous graywacke, slate fone
intruded by granitic stocks
0. CAPE SPENCER - - Little Moderats: steep brush- and Biotite schist and gnetss None
NORTH timber-covered slopes of unknown age intruded by
Tertiary and Terttary and
{or} Cretaceous granitic
stocks
[P. EXCURSION RIVER .- - Same; in southern part of Moderata Graywacke and argililite of None

Verom MEANS Gross-In-Place-Metal-Value: this 1s arrived at by multiplying estimated tonnages of resources present by combined doilar value per ton at




BAY NATIONAL MONUMENT WILDERNESS STUDY AREA, ALASKA -- CONTINUED

RESQURCES: ESTIMATED TOMNASE, GRADE AMD GROSS-IN-PLACE-METAL YALUE (Gim)y

1DENTIFIED

UMDISCOVERED

INDICATED

INFERRED

HYPOTHETICAL

SPECULATIVE

METRIC mns[

(TONS)

METRIC TONS [

(Tons)

METRIC TONS I (TONS)

METRIC Tows | (TONS)

OTHER OEPOSITS;
SEOCHEMICAL, GEO-
PMYSICAL AMOMALIES

None

estimated

None estimated

. |

None estimated

b .
Moly pper; 1

fied
|

Moly stream sediment
geochemical anomalies

None

estimated

None estisated

|

None estimeted

Molybdenum-copper; unquanti-
fied !

Mount Brack zinc-copper
deposit; geochemistry very
sparse

estimated

None estimated

None estimeted

linc, copper; umquantified

None

estimated

None estimated

None estimated

inc, copper; unquantified

White Glacier stratabound
zinc-copper-silver pros-
pect: copper, molybdenum,
lead, cobalt, chromium,
nickel, mercury stream
sediment geochemical anom-
alies in part of ares

estimated

None estimated

MNone estimated

None estimated

Cobalt, chromium, copper,
nfckel, zinc, mercury
streem sediment and bed-
rock geochemical anoma-
Hes

estimated

Hone estimated

None estimated

None estimated

Beryltfum, chromium, co-
balt, copper, nickel,
zinc, mercury, leed,
stream sediment and bed-
rock geochemical anoma-
Ties

None

estimated

fone estimated

None estimated

Mone estimated

Stlver, beryllium, co-
balt, copper, mercury,
nickel, lead, zinc, gold
stream sediment anomalies;
aeromagnetics suggest
buried plutons

WWH prices of all the elements of economic interest present in the deposit. It is not a measure of the net worth of a deposit.
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T Four deposits with important identified mineral resources are known

in the monument. They are, from west to east, the Brady Glacier nickelﬂ

[¥3

; ; f
3 copper deposit in the Fairweather Range (- 3 on fig. A-1 and table

'

4 :A-l), the Margerie Glacier copper deposit near Tarr Inlet ( . 5), the

i |

snfOrange Point zinc-copper deposit on Johns Hopkins Inlet ( 6), and the
> Nunatak molybdenite deposit (. 9). These identified resources are

estimated to underlie less than 0.1 percent of the total area of the
s ‘monument.
K ; The Brady Glacier.nickel—copper deposit (3 on fig. A~l) is a largel;
1c—sglacier—covered magmatic segregation sulfide occurrence in peridotite
n ?and gabbro at the base of the Crillon - La Perouse layered gabbro complek
i 'of unknown age. The deposit is estimated to contain 80 million metric (
13 itons (90 million tons) of indicated resource with 0.53 percent nickel,
. ‘0.33 percent copper, and an unspecified amount of platinum group metals
:;_‘(PGM). An additional 80 million metric tons (90 million tons) of
To ‘inferred resource of the same grade are also likely to be present.
A The Margerie Glacier copper deposit (4 on fig. A-l) is a fairly
Qell exposed porphyry-copper occurrence in granitic rocks of probable
Tertiary age. The deposit is estimated to contain 145 million metric
;5 - tons (160 million tons) of inferred resource with 0.2 percent copper,
0.27 grams per metric ton (0.008 ounces per ton) gold, 4.5 grams per
a2 ‘metfic ton (0.13 ounces per ton) silver, and 0.0l percent tungsten.

;2 Higher grade sulfide-bearing quartz veins occur within this large volume.

A-12
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The Orange Point deposit (5 on fig. A-l) is interpreted to be a
'volcanogenic zinc-copper sulfide occurrence. The host rocks are

1moderately well exposed metamorphosed andesites of Permian(?) age. Thej
%deposit is estimated to contain 250,000 metric tons (270,000 tons) of '

i

@inferred resource with 2.7 percent copper, 5.2 percent zinc, 1.0 grams
[

‘per metric ton (0.03 ounces per ton) gold, and 34.3 grams per metric

1

‘ton (1.0 ounce per ton) silver, and 470,000 metric tons (530,000 tons)
;of inferred resource with 0.4 percent copper, 0.3 percent zinc, 0.2
fgrams per metric ton (0.006 ounces per ton) gold, and 12.0 grams per
?metric ton (0.35 ounces per ton) silver.

t The Nunatak molybdenum deposit (9 on fig. A-l) is a porphyry-
molybdenum occurrence in hornfels of original Early to Middle Paleozoic
;age and is probably related to nearby Tertiary granitic bodies. The
;well—exposed deposit is estimated to contain 132 million metric tons
;(145 million tons) of indicated resource with 0.04 to 0.06 percent
:molybdenum and 0.02 percent copper accessible to surface mining and an
additional 8.3 million metric tons (9.1 million tons) of inferred
resource containing 0.06 percent molybdenum and 0.02 percent copper
below sea level near shoreline. Within this volume is a potentially

important higher grade section that, if taken by itself, would have to

be mined underground.

A-13
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: Five areas considered to contain significant undiscovered

2 Ihypothetical resources are recognized within the monument. They are,

3 jfrom west to east, the Crillon - La Perouse (B on fig. A-1l and table ;

4 ;Arl), Margerie Glacier (D), Reid Inlet (G), Rendu Glacier (H), and Muir‘
5-?Inlet (I) favorable areas. Just as the identified resources underlie |

6 .only a small part (0.1 percent) of the total area of the monument, any

- ‘other resources present and discovered in the future in these

:hypothetical resource areas would similarly underlie a small part; even

[

? though the favorable areas themselves cover about 8 percent of the

o— Mmonument.

%3
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Six areas considered to contain undiscovered speculative resqurces
are recognized within the monument. They are, from west to east, the }
Mount Fairweather (C on fig. A-1l and table A-1l), Margerie Glacier north-
eastern extension (E), Margerie Glacier southern extension (F), Muir
Inlet extension (J), Casement Glacier (K and L), and White Glacier (M)
favorable areas. As with hypothetical resources, any resources present
and discovered in the future in the speculative resource areas would
underlie a small part of the monument; even though these favorable areas
themselves cover about 13 percent of the monument.

Three other areas (N, O, and P on fig. A-1 and table A-1l) contain
previously unknown geochemical and(or) geophysical anomalies that may
indicate the existence of undiscovered resources, but the anomalies have

not been field checked.

Geologically, the monument is extremely complex, reflecting a long
in part

- history of sedimentation, volcanism, intrusion, and deformation/near the

boundary between the North American continental crustal plate and the
Pacific oceanic crustal plate. Layered sedimentary and volcanic rocks
range from unknown, but perhaps Precambrian, age through Pleistocene,

with apparent large gaps in the late Paleozoic and early and middle

- Mesozoic. The layered rocks were in general deposited in fairly deep

marine environments; some of the Paleozoic volcanic rocks and reef
carbonates and some of the Tertiary rocks near the Pacific coast are

exceptions.

a-15 = -
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Intrusive rocks range from unknown, but perhaps Precambrian, age

’through middle Tertiary, with the major subdivisions being: 1) layered

;cumulus-type gabbro complexes of unknown age in the Fairweather Range,
%2) foliated granodiorite, quartz-monzodiorite, tonalite, and quartz
%diorite of mid-Cretaceous age, 3) localiy foliated granodiorite and
’tonalite of Tertiary or Cretaceous age, and 4) unfoliated granite and
granodiorite of mid-Tertiary age.

Four major fault zones occur in the monument: the Fairweather
.fault near the Pacific coast is an active major post-Mesozoic structure
that plays an important role in present-day northeastern Pacific
tectonics; the Tarr Inlet suture zone in the western part of the monument
is an apparehtly post-Permian, pre-mid-Cretaceous structurs between two
unlike crustal blocks and is also the site of Tertiary faulting; .

the Glacier Bay fault parallels the west side of Glacier Bay
proper and separates metamorphésed and unmetamorphosed rocks of the samg

age; and a zone of west-striking faults occurs in the northeastern_

part of the monument.

A-16 COEENNDT panTTG ot T T,
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: Interpretation of the aeromagnetic data indicates that most of the
magnetic anomalies are caused by either plutonic or volcanic igneous
rocks. Closely spaced broad subcircular highs in the eastern part of

'

the area correlate with Cretaceous or Tertiary granitic intrusives. An
important north-trending broad magnetic gradient that slopes down

to the west marks the western edge of the magnetic Cretaceous granitic
rocks near the Tarr Inlet suture zone. It is the eastern boundary of an
area of weakly magnetic rocks which is adjoined on the west by a series
s of elliptical magnetic highs caused by the layered gabbro complexes.
UMCalculations suggest that the four exposed gabbro bodies are part cf a
larger concealed mass with steep outward-dipping contacts that extend to
a depth of at least several kilometers.

Interpretation of the gravity field shows that 1) the prominent
linear high of the Fairweather Range may be caused by the layered gabbro
5__complexes extending to several kilometers depth with either near-vertical
or steep outward-dipping contacts, 2) the dense high-grade metamorphic

rocks near Dundas Bay have a strong local effect, and 3) all of the

Geikie province is underlain at shallow depth by granitic rocks.

w

Ice thickness measurements on the Brady Glacier and elsewhere
indicate that there is over 900 m (2,900 feet) of ice at several

localltles and that 1) the sub-lce surface beneath the Brady Glacier is

probably everywhere below or close to sea level and (2) a thlckness of

more than 1,000 m (3 280 feet) of ice occurs in the glac1er basin dlrectly

north of the Brady Glacier nickel-copper deposit.
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The geochemical studies identified 15 areas with anomalous
‘concentrations of one or more elements in stream sediments and 10 areasf
. with similar concentrations in bedrock samples. Stream sediment study
n :results are influenced by the sparse sample coverage in the parts of
.. the monument that were studied mainly in 1966. Four areas already knowg
. from earlier studies to contain significant anomalies were verified and

- three new areas were identified as having significant anomalies that

have not been field checked.

>
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Introduction

The Glacier Bay National Monument Wilderness Study area includes
all of Glacier Bay National Monument, an area of about 1,140,000
ﬁectares (4,400-square miles or 2,817,000 acres) (U.S. National Park :

5_éervice, 1975). The monument is an area of rugged glacier-clad mountains,
steep-sided fiords, and heavily forested lower mountains in the Pacific:
Border Ranges physiographic province which lies between the Gulf of
Alaska and the inside waters of southeastern Alaska. The monument was ‘
established in 1924 to preserve a scenically and glaciologically

.;-outstanding part of Alaska. The monument was open to mineral entry from
1936 until 1976 and has been visited by numerous geologists and
prospectors, as described later in this report. The Park Service
currently (July 1977) manages all of the monument (with the exception of
the headquarters area) under an administrative designation that is

.~--similar to formal wilderness status.

The mine¥al resources of the monument have been described in various
reports and a major study in 1966 by the Geological Survey provided
information to the National Park Service for use in planning the future
management of the monument for the public; some of the material
- resulting from that investigation (MacKevett and others, 1971) is
incorporated in this report and the present studies build on the 1966

work.

This report focusses on the mineral deposits of the monument and ‘
presents mineral resource information pertinent to possible future wild-
erness classification and to definition of wilderness area boundaries.

The Geological Survey also plans to publish a more detailed geologic map of
the monument and a report on the distribution, mineralogical and chemlcal
" composition, and age of intrusive rocks_in the monument

Ca OOVESNMENT CUNTING OFIISL 1T 902070
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Access, use, and general character
2 Glacier Bay National Monument is cenftered about 160 km (100 miles)

west-northwest of Juneau, Alaska (fig. A-2) and can be reached only by

w

s

:.. Figure A-2 near here

air or water. Ships and boats can reach Glacier Bay proper from Inside
Passage waters through Icy Strait. The Pacific coastal part of the
monument is reached either directly from the Pacific or via an exposed
run out Icy Strait and around Cape Spencer into the open ocean. Charter
float-equipped aircraft from Juneau and other communities fly into the
monument with landings possible in most fiords except those where
icebergs are numerous or where the Park Service limits motorized travel.
Ski-wheel aircraft have landed on some of the glaciers; such landings,

and helicopter landings must be cleared with the Park Service in advance.

o

Alaska Airlines provides regularly scheduled air service all year to
Gustavus, a nearby permanent community connected by road to the monument
headquarters village at Bartlett Cove.

Other than at the monument pea@qgﬁr??;s, ?pg»qn%g humgnngypiyi§§gs

in the study area are temporary and are either recreational, relatedito
scientific research, or to commercial fishing. Prior to the September 1976
closure to mineral location, there was some related activity every year.

By far the greatest number of visitors to the monument are on large

cruise ships, which now make regular visits to Glacier Bay proper.

a-20 A,BRNVINT SBINTING P ~
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Of the 1,140,000 hectares (4,400 square miles) total, about 137,300
hectares (530 square miles) or 12 percent is covered by 80 km- (50 mileg)
long Glacier Bay itself and its contiguous fiords and inlets and about
129,500 hectares (500 square miles) or 1l percent are waters of the

. Pacific Ocean, Cross Sound, Icy Strait and adjoining bays. Of the
remaining land area of 873,000 hectares (3,370 square miles), at least
215,000 hectares (830 square miles) or 19 percent are covered by
glaciers, a situation that is abundantly clear on plate la. Much of the
remaining 658,000 hectares (2,540 miles) or 58 percent is covered either

1t“by forest or by snow all but a few months of the year.

Glacier Bay National Monument is renowned for both its spectacular
glacier-covered mountains and its valley-filling tidewater glaciers.

The magnificant Fairweather Range culminates in Mount Fairweather (4,665

m or 15,300 feet) and forms an awe-inspiring divide (fig. A-3) between

Figure A~3 near here

the Gulf of Alaska and the deep fiords of Glacier Bay proper. The rapid
s« recession of the tidewater glaciers (Streveler and Page, 1971), as
typified by Muir Glacier in Muir Inlet (fig. A-4), and the glacial and

Figure A~4 near here

other natural phenomena associated with the recession make the monument

a classic area for scientific studies.

TP AL T.oied
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Figure A-3.--Photograph looking northeast across Lituya Bay at the

crest of the Fairweather Range; Mount Fairweather on the left

.

and Lituya Mountain on the right.
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Figure A-4.--Photograph looking north up Muir Inlet from the northwest
shoulder of Mount Wright. The Nunatak molybdenite deposit is on

the isolated prominent peak in the right middleground.

A-24
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Figure A~5 near here

The qlimate of the southern and lower altitude parts of the
monument is maritime, while the northern rain-shadowed part is less
humid and probably has greater temperature extremes. Weather records
show that the months from February through July or August have the least
precipitation, and the fall and early winter months have the most.
Temperatures are generally mild. From June through Auguét there is
likely to be abundant local fog, overcast skies, low clouds, and
relatively few clear, blue-sky days. Winds can be strong locally. A
few areas, most notably Excursion Inlet and Mount Marchainville at the
south end of the Fairweather Range, were found to have consistently
poor local weather during our field operations. Further description of
the general character of the monument is given in MacKevett, Brew,

Hawley, Huff, and Smith (1971, p. 7-8).
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Figure A-5.--Oblique aerial photograph looking west at the southwestern

part of the Brady Glacier Icefield, showing Mount LaPerouse on the

right and the Brady Glacier [copper-nickelfdeposit nunatak in the

left center.
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Previous .studies
MacKevett, Brew, Hawley, Huff, and Smith (1971, p. 8-9) described
the pre-1966 investigations in the monument as follows:

"Glacier Bé& has attracted many geologists and glaciologists
during the past 90 years, mainly because of the rapid recession of
the glaciers. Few of the earliest explorers and scientists came
with economic interests in mind, but by 1892 some prospectors were
in the area (Rossman, 1963b). 1In 1906, F. E. Wright and C. W.
Wright (1937) studied the Johns Hopkins Inlet area and other parts’
of the monument; in 1917, J. B. Mertie visited the area (Mertie, -
1933). Buddington (Buddington and Chapin, 1929) visited the
monument in 1924. Somewhat later, several other Geological Survey
geologists (Reed, 1938; Twenhofel. and others, 1949; Kennedy and
Walton, 1946) visited specific mineral deposits then of interest
or under aevelopment. Economic interest in the monument was
lessened by prohibition of prospecting from 1924 to 1936.

"In 1942, Twenhofel (1946) studied the Muir Inlet Nunatak
molybdenum deposit in detail, and the U.S. Bureau of Mines sampled
the deposit (Sanford and others, 1949). 1In 1949, D. L. Rossman
began geologic studies in the monument, which are summarized in
three reports (Rossman, 1959, 1963a, b). In 1950-51, J. F. Seitz
studied the geology around Geikie Inlet (Seitz, 1959). Don J.
Miller studied the Gulf of Alaska Tertiary province for several
years; his mapping within the monument was incorporated by Rossman.

(1963a) after earlier open-filing (Miller, 1953, 1961).

A=27  TCESIENT DNTNNG o
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Reconnaissance studies in the Juneau 1:250,000 quadrangle part of

the monument were made during the period 1956-58

Dy

Porcupine, prospected in the monument during the
early 1960's."

In addition, Thomas and Berryhill (1962) sampled

f ) ) were )

, sands. Other investigations/made by mining engineers
a Department of Mines (TDM) (the Territorial forerunner
9 State Division of Geological and Geophysical Surveys)
1. parties. The TDM reports are available to the public

1 by the U.S. Bureau of Mines in discussions of various

12 Glacier Bay. They include examinations on Willoughby

(Lathram and

P
t

others, 1959). A few mining companies, notably Fremont and Moneta-

late 1950's and |
Pacific beach

of the Territoriai
of what is now the
and lay private
and have been used
prospects in

Island by Shepard:

.2 (1926) ; near Dundas Bay by Stewart (1949); and of the LeRoy mine by Roehm

id

;. prospect by Nelson (1935).

3

[

(1242), Fowler {1950), and Holdsworth (1955); and of the Sandy Cove
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Since the.preparation of the 1971 report, there has been only one
?ublished report dealing with mineral deposit's in the monument: Plafker
3 ;nd MacKevett (1970) described what was then known about the mineralize&
. rocks of the layered gabbro body at Mount Fairweather. Three other |

5_freports (Plafker, 1967; MacKevett and others, 1974; Reimnitz and Plafker,

Ity

1976) deal in part with hydrocarbm and metallic mineral deposits in
. nearby areas. Several short papers of general geologic interest have
s been published since 1971 (Brew and Ovenshine, 1974; Bre&, Carlson, and
3 Nutt, 1976; Brew, Grybeck, and others, 1976; Brew, Loney, and others,

;2. 1977; Brew, Johnson, and others, 1977; Brew and others, 1978; Brew and

9
1 Morrell.1978;Page,l<§‘ The listing from MacKevett and others (1971) and this

list do not include papegé'cégégﬁg@éibrimapi;fAﬁith glacial geology.

—
Y

;_Se@ergl“@;héqghegp1oration companies, including Fremont Mining Co.,

.. Bear Creek Mining Co., Superior 0il Co., Alvenco, Inc., Moneta-Porcupine
<~ Mines, Ltd., Cyprus Mines Corp., American Exploration and Mining Co.

" (Amex), Anadarko Production Co., and Newmont Exploration, Ltd., have

y- investigated parts of the monument; some of their activities are

- discussed in Chapter C.
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Chapter B

Geology, geophysics, and geochemistry
Geology
by

David A. Brew

Introduction
This chapter briefly describes the geology of the monument, calls
attention to the ore environments, and presents at length the results

of the aeromagnetic, gravity field, and reconnaissance geochemical studies.

|
Present investigations |
i

U.S. Geological Survey field studies had four main components:

reconnaissance geologic mapping of areas not mapped in 1966; reconnais- |

and §
:sance bedrock geochemical sampling in those areas,to a limited extent in

t

@reviously mapped areas; stream-sediment sampling in previously unmapped

'areas and to a significant extent in previously mapped areas; and fieldj

examination of some of the mines, prospects, and metallic mineral

_ occurrences assessed in detail by the U.S. Bureau of Mines. With the
fexception of independent Bureau of Mines field work, field operations

were conducted jointly from the U.S.G.S. R/V Don J. Miller II using

small boats and cooperatively shared contract helicopter support.
In July and August, 1975 a Geological Survey party, consisting of
K. M. Blean, D. A. Brew, Christine Carlson, C. L. Forn, Donald Grybeck,

jB. R. Johnson, and C. J. Nutt, was in the field 20 days. In June and

I
July, 1976, the party included Brew, Ford, Grybeck, Johnson, and
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Nutt. Thirty-two days were spent in the field. The party
in July and August, 1977, consisted of Brew, Ford,

Johnson, R. P. Morrell, and R. F. Sanzolone and was in the
field 26 days. A total of about 13 person—m&nths was spent in
the field.

Reconnaissance geologic mapping was done on foot, from
helicopter, and from small outboard-powered skiffs. Protected
shores were traversed by skiff parties, most walkable ridges
were traversed on foot, and other areas were mapped with fly-bys
and spot landings by helicopter. In most of the Fairweather
Range weather and terrain made the helicopger landings difficult
and stations are therefore irregularly spaced. Reconnaissance
bedrock geochemical sampling was done in conjunction with the
mapping, except that a few days were devoted to sampling in
previously mapped areas. Each common rock type and all visibly
mineralized and altered rocks were sampled at each station.
Stream sediment samples were collected from all active streams
in the newly-mapped area and about half of the streams in the
previously mapped area were re-sampled.

This investigation includes an aeromagnetic survey done
under contract by LKB Resources, Inc. and the results of that
survey and of a gravity field survey are interpreted in this
report. Field studies in support of the geophysical surveys

were from from the Don J Miller II in Junme 1976 by a party

ARSI
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D. Watts.

During parts of the 1975, 1976, and 1977 seasons, the
Glacier Bay National Monument Wilderness Study Area project
worked closely in the field with personnel of the La Perouse
layered gabbro project. R. A. Loney, G. A. Himmelberg, and G.
K. Czamanske. Some of the results of their study of that gabbro
body and of the associated Brady Glacier nickel-copper deposit

have been incorporated in this report.

=il
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Geologic setting

Glacier Bay National Monument adjoins the northern end of
the Alexander Archipelago, southeastern Alaska, and its
relationship with surrounding area is’ shown on the compilations
of Brew (in Brew and others, 1966); Souther, Brew, and Okulitch
(1974) ; and Beikman (1974). Rocks ranging in age from unknown, but poésible
Precambrian, to Holocene occur in the monument, but available

i evidence suggests that the greatest volumes of rock are 1) unknown, but

)
|

possible Precambrian or lower Paleozoic, 2) middle Paleozoic, 3)
"~ |  mid-Cretaceous, and 4) mid-Tertiary in age. General tectonmo- !
stratigraphic relations are sketched below and each of the five

geologic provinces in the monument is described briefly.

e

Descriptions of individual rock units are given in the
i explanation of plate la. -

The eastern two-thirds of the monument is underlain by
stratified rocks of late Silurian through Permian age that are
1) part of the central Paleozoic belt of Brew, Loney, and
Muffler (1966), and 2) the Paleozoic part of the Alexander
terrane as defined by Berg, Jones, and Richter (1972). These
rocks are joined along a suture zone of apparent post-Permian,
z E pre-mid-Cretaceous age (Brew and Morrell, 1978) to a large
-2 ; tectonic block in the western part of the monument containing
= , rocks of unknown, but possible Precambrian or early Paleozoic,

age (Brew, Loney, and others, 1977). This block is also
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considered part of the Alexander terrane, and along its western

margin includes rocks which other authors (Jones and others,

(3%

1978) believe are early Mesozoic. The western margin of the

%

LS
[,

block is the Fairweather fault which Plafker, Jones, Hudson, and |

- - —— - _— e gV e A

Berg (1976) interpret to be the extension = ~ "‘j'”_of the Border
e = e !
4 Ranges fault (MacKevett and Plafker, 1974). This is an |
7 important Mesozoic structure which in general juxtaposes upper :

Mesozoic rocks against lower Mesozoic and(or) upper Paleozoic rocks
. the northeast all the way from the Shumagin Islands around the

Gulf of Alaska. The block lying immediately west of the

Fairweather fault comsists of undated, but probably upper

R L
0

4
I

7o Mesozoic, subduction zone rocks belonging in part to the mélange
2

ET facies of the [younger] Chugach terrane of Berg, Jomes, and ?
14 } Richter (1972). These rocks are overlain unconformably by i
} Al

e Tertiary rocks (Plafker, 1971, in MacKevett and other%?.

s Current plate tectonic analyses suggest the Precambrian(?)
i ‘ through middle Paleozoic rocks of the Alexander terrane

12 : ("Alexander plate") were joined to the proto-North American

g plate in the Late Paleozoic (Monger, Souther, and Gabrielse,

S 1972) along a suture that lies far to the east of the monument

L8

in interior British Columbia. The suture within the monument
o described pfeviously (Brew and Morrell, 1978) is apparently a
"3 ; younger feature related to collision of two parts of the

o Alexander terrane before mid-Cretaceous time. At that time or

T perhaps later the predecessors of the Kula, Farallon, and

[ B et VRIEC Y SPD
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Pacific plates (Atwater, 1970) were being subducted beneath the

Alexander plate (which was already joined to the North American

e e e ———— e o e n e = e e wme e emnnn e e e e e

plate).

1
|
i
1
i
i
l
!
1

—e - S |

The resulting subduction complex is contained in the [younger]

20~

interpreted (Atwater, 1970) to be part of a system with

1
Chugach terrane west of the Fairweather fault. That fault is i

right-lateral transform movement resulting from Tertiary
migration of the spreading center-transform-subduction triple
point northwestward towards its present location as the Pacific
plate moved northwestward relative to the North American plate.
In the monument Tertiary movement has modified and obscured the
original configuration of the Border Ranges fault.

The distribution of intrusive rocks does not show a clear
relgtion to the plate-tectonic interpretation, although both the
layered gabbros of unknown - age and

granitic rocks of mid-Tertiary age form generally north-trending

belts in the western third of the monument. Granitic rocks of |
mid-Cretaceous age are more abundant and occur both in a

north-trending belt east of the layered gabbro and Tertiary

granitic belts and in a west-northwest-trending belt in the

northeastern third of the monument.

These blocks and intrusive belts are directly related to

the geologic provinces in Glacier Bay National Monument as

originally defined by MacKevett, Brew, Hawley, Huff, and Smith

(1971) and revised slightly in this report (fig: A-2). The

__Lituya province, which is a new name for the_ Coastal‘prqyince*._w“__;

. — — - 283

B-6
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lies west of the Fairweather fault and is composed of rocks of
the [younger] Chugach terrane and the overlying Tertiary rocks.

The Fairweather province ,east of the Fairweather fault, consists

]

of rocks of unknown but possible Precambrian or Early Paleozoic

age belonging to the Alexander terrane, and is bounded on the

east by the post-Permian, pre-mid-Cretaceous suture (called the

~

Tarr Inlet suture). Immediately east of the suture is the

Geikie province, which is differentiated from the eaéternmost
Chilkat province by its abundance of Cretaceous granitic bodies.

The Muir province adjoins the Geikie province north of the

Chilkat province and is similarly set off from the latter by its

%)

! abundance of Cretaceous granitic rocks. The Muir and Geikie
provinces are separated on the basis of different structural
trends. The country rocks of the Geikie, Muir, and Chilkat'
provinces are part of the Silurian through Permian section of
the.Alexander terrane. A prominent north-trending belt of
Tertiary granitic rocks straddles the Tarr Inlet suture (plate
la).

Evidence for the age of the rocks in Glacier Bay Natiomal

i Monument is sparse and uneven. Because no isotopic age data

(]

have been published, the ages of most granitic and some

| metamorphic rock bodies are inferred from field relations and

i Tacl e\’l\
: from preliminary isotopic age data of M. A. Lanphere (written,

commun., 1967). In the Lituya province, the Tertiary strata

have been dated by fossils. No fossiliferous rocks are known

P N L 309
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in the Fairweather province and only non~diagnostic fossil
fragments have been found in the Geikie province. Only a few
scattered collections are available from the Muir province; !

however, in contrast, the Chilkat province has provided fossil

collections from several stratigraphically and geographically
separated localities. 4 !

No systematic discussion is given here of the surficial ,
deposits, glacial features, or of the physiography. These topics aré

noted specifically in the discussions of the geochemistry,

|

|

|

geophysics, and mineral deposits. . |
|

|

i
|
I
|
i

B-g
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Lituya province

A mélange of unknown thickness consisting of large blocks of green-

stone, phyllite, graywacke, and chert up to 100's of meters in maximum

dimension is interpreted to be the oldest unit in the Lituya province_ .. . _

(plate la). The unit is probably Cretaceous and

20—

21

22

23

belongs to the [younger] Chugach terrane of Berg, Jones, and
Richter (1972). An apparently thick and coherent section of
less metamorphosed shale, silty limestone, limy siltstone, and
metavolcanic rock is in fault contact with the mélange, and may

be of the same age. Plafker (oral commun., 1976) considers all

these rocks to be part of the Yakutat group. These rocks are

intruded by foliated, highly altered granodiorite and diorite of

inferred Cretaceous age and by unfoliated ligqéf-colored
granodiorite of inferred Tertiary and(or) Cretaceous age. These
rocks are unconformably overlain by at least 3,660 m

(12,000 feet) of marine and nonmarine Tertiary clastic and
volcanic rocks. The Tertiary sequence is relatively coherent
and has been subdivided into three formations (Plafker, 1967,
1971): the Cenotaph Volcanics and the Topsy formation, both
post-early Oligocene(?) to pre-middle Miocene age, and the ,
Yakataga formation of middle Miocene to early Pleistocene age.

The Topsy formation and Cenotaph Volcanics may grade into each

other and interfinger; both are disconformably overlain by the

Yakataga formation. These formations are probable lateral equivalents




o

24

25—

_.to _the northwest.

of units now being evaluated and explored for petroleum offshore |

Fold structures in the pre-Tertiary rocks of the Lituya
province are obscure due in part to the lithologies of the
rocks, the available control, and the later intemse faulting
associated with the Fairweather fault. The Tertiary section is
also affected by that faulting, and is also folded into two
(perhaps separate but on-strike) shallow north-plunging
synclines and an asymmetric faulted anticline. The main strand
of the Fairweather fault underlies a prominent ice-filled valley
for most of its length, but the fault zone extends west into the
Lituya province for at least 10 km (6 miles) and is expressed as
both discrete fault strands and intense pervasive shearing.

This fault is part of a high-angle fault system that extends for
hundreds of kilometers from ngutat Bay south along or near the
edge of the continent. The dominant fault movement is inferred

to be vertical, with the west side down; but both the historical
€

o

record (Tocher and Miller, 1959; Paéé, l?@ and inferred older movements

father south (Loney and others, 1967) suggest a significant
right-lateral component.

The Lituya province offers the only possibility in the
monument for significant modern-day or recent beach placers
that could contain gold, titanium, iron and platinum. Tertiary

rocks are the most likely hosts for oil, gas, and coal. The

Mesozoic rocks below the Tertiary section could, by analogy with

clgm—th—L -t R0
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: .
correlative . rocks to the south on Chichagof |
Island (Loney and others, 1975), be the host for vein-type gold,
silver and perhaps base-metal deposits.
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Fairweather province

The oldest rocks in the Fairweather province comnsist of

(%)

two regionally extensive metamorphic units of unknown, but
inferred Precambrian or early Paleozoic, age (Brew, Loney, and
=' others, 1977). Abutting the Fairweather fault is a prominent
hornblende schist and gneiss unit that interfingers structurally

and probably stratigraphically with a biotite schist and gneiss

w

unit to the east (plate la). This latter unit diminishes in
rorth

metamorphic gradeAeastward across the province and near the

eastern boundary consists of phyllite, graywacke, semischist,

and minor metaconglomerate. The hornblende schist and gneiss

unit is interpreted by Jones, Silberling, and Newhouse (1978) to

be part of their Triassic "Wrangellia" terrane. Berg, Jones,
f and Richter (1972) interpret all of the western part of the
Fairweather province to be party of the [older] Chugach terrane.
oo This contrasts with the interpretation here that all of the
Fajrweather province belongs to the Alexander terrane (Brew,
2 f Loney, and others, 1977; Brew and Morrell, 1978) The eastern
boundary of these Fairwgather province rocks is the Tarr Inlet

i

suture zone (Brew and Morrell, 1978).

[S)

Thick layered gabbro complexes (mainly olivine gabbro,

[N
[NY

gabbronorite, norite and peridotite), also of unknown but

* . inferred Precambrian or early Paleozoic age, intrude the

hornblende schist and gneiss unit in a north-trending belt along

B-12
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the axis of the Fairweather Range (fig. A-1). Locally foliated
granitic rocks of inferred Tertiary and(or) Cretaceous age,
mainly granodiorite and qgartz diorite, occur within the belt of
gabbros and to the east towards Johns Hopkins Inlet. Bodies of
unfoliated granitic rocks, largely granodiorite, granite and
tonalite, of inferred mid-Tertiary age form another irregular
belt generally to the east of, but to the south overlapping, the
gabbro belt. This crude wide belt of granitic rocks also laps
over into the Geikie province to the east.

The western part of the province is characterized by

~complicated steep-limbed isoclinal folds; the eastern part by less

complex steep- and shallow-limbed folds.
Significant faults occur only in the southernmost part of
the province, where north and north-northeast striking faults
offset contacts in 2 generally right lateral sense.

The Fairweather province has the only significant
mafic-~ultramafic bodies in the monument and offers the
possibility of magmatic copper, nickel, cobalt and perhaps
titanium, vanadium, chromium, and iron deposits. It is likely,
however, that these would be associated only with the relatively
rare ultramafic portions of the layered bodies, and the
discovery of new deposits would hinge on identification of such
portions in very difficult and inaccessible terrain. The

regionally extensive hornblende schist and gneiss unit could

host metamorphosed volcanogenic sulfide deposits, and the

- ————

B-13
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abundant high-level Tertiary granitic plutons and stocks suggest

2 the possibility of associated base and precious metal vein
2 deposits in the country rocks, molybdenum and(or) copper -
4 E porphyry deposits in the bodies themselves, plus late stage

5—; deposits of tungsten, tin, beryllium, molybdenum, and gold.
-

-
i3
14 b
1é

|

2
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Geikie province
The country rocks of the Geikle province are a diverse
assemblage of hornfelsed pelitic and semipelitic rock, marble,
greenstone, and amphibolite (plate la). They are inferred to be
largely of middle Paleozoic age on the basis of their probable

equivalence to fossiliferous rocks in the Chilkat province to

the east. The rocks in the S'to /2.km—w1de Tarr Inlet suture zone,

which forms the western boundary of the province, are very diverse

15—

__Alexander terrane.

i
i
!

.and are inferred to be Permian in age on scanty evidence (Brew and

Morrell, 1978). All of these rocks are considered part of the

The province is dominated by elongate north-trending
bodies of highly foliated tonalite and diorite of Cretaceous
age, but the crude belt of unfoliated Tertiary granodiorite,

granite, and tonalite that straddles the bOundary with the

Faxrweather province underlies a significant area, particularly

19

!
|

i
}
|
|
i
t
)

to the south.

Folds in the Geikie prevince are difficult to trace and
analyze because the abundant intrusive rocks and extensive
faulting have disrupted original continuity. Near the suture
zone, the fold orientation and style apparently vary from unit
to unit. Northwest-striking faults are recognzied throughout
the province and many more probably exist. The two largest are

the Brady Glacier fault zone, which lies along the eastern edge

B-15
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of the Tarr Inlet suture zone, and the Glacier Bay fault zone,
which extends from Tarr Inlet southeastward into the Chilkat
province beneath the waters of Glacier Bay.

The Geikie province shares with the Fairweather province
the possibility for deposits associated with the high-level

Tertiary plutons, and offers limited possibilities for copper,

[ |

iron, or base metal-bearing skarns and for volcanogenic and stratabound

deposits. The Tarr Inlet suture zone and vicinity, particularly
containg
where well exposed north of the Brady Glacier 'Kdiverse types
of mineralization and has the possibility of gold veins;
diseminated copper, molybdenum, and perhaps base metals in
molyhdeam- or rPhyry depesitse ,
altered zomnes; andlcopper—bearing o The limited

amounts of volcanic rock present may constrain the possiblity of

volcanogenic sulfide deposits.

.
1
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Chilkat province

About 6,100-9,100 m (20,000 - 30,000 feet) of
unmetamorphosed upper Silurian through Permian claétic rocks are
exposed in the eastern part of the Chilkat province (plate la).
Graywacke and argillite of Silurian and Devonian age are
dominant. They contain discontinuous nonfossiliferous
limestones, some of which may be distal equivalents of thick
reefoid limestones present in the western part of the province.
The clastic section apparently grades northward into dominantly
volcanic rocks. Fossiliferous carbonate, clastic, and some
volcanic middle Devonian rocks occur in the north-central and
northwestern parts of the province. Sparsely fossiliferous
Permian limestone, shale, and volcanic rocks are also present in
the north-central part. All of these strata belong to the
Alexander terrane.

There are.relatively few intrusive bodies in the Chilkat
province (fig. A-1). A large granodiorite mass of inferred
Tertiary age occurs in the southwestern cormer and severél
smaller foliated plutons of inferred Cretaceous age are found in

the northwestern and east-central parts of the province. Small

granitic stocks of inferred Cretaceous age are at the southeastern
corner of the province and a large granodiorite and diorite pluton
that has been dated as Jurassic (130 +720 m.y.) (Loney and others,

1967) by the lead-alpha method ocecuifs nearby just outside the monument

boundary. The small

B-17
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granitic stocks may be the same age. The province also contains
locally abundant intermediate and mafic dikes of uncertain age.
Large-scale recumbent folds are present in the eastern

part but have not ‘been recognized elsewhere in the province; it

is likely that similar deformation affected most of the

province. North and northwest-striking high-angle faults occur

throughout the province. Brew, Carlson, and Nutt (1976) suggest

14 km (9 miles) of right-lateral separation on the Excursion

Inlet fault (plate la); but the separations on other faults are
zone

unknown. The Glacier ﬁay fault/under Glacier Bay proper could

be very complex, as the relations of the bedrock units exposed

on opposite sides of the Bay are difficult to reconcile (plate
la). Richard Couch (written commun., 1975) has suggested that a ;
presently-active high-angle fault runs from the Grand Pacific

Glacier at the head of Tarr Inlet southeastward beyond the

southern boundary of the monument; this fault is part of the Glacier
Bay fault zone. High—angle faults apparently control .the distribﬁfioﬂ
of Permian rocks in the north-central part of the province,'but that |
area is not well understood. A significant and unusual (because of

its orientation) east-west zone of high-angle faults occurs near the

-northern part of the province.

Locally prominant carbonate units near the relatively few
exposed plutons and near local dike concentrations offer the

possibility of copper, molybdenum, and perhaps base metal

deposits in altered zones and skarns as well as gold-bearing e

B-18
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vein deposits. The northeastern part of the province contains
the largest concentration of recognizable volcanic rocks in the
monument and they and the few other occurrences of volcanic rock

suggest the possibility of volcanogenic sulfide deposits.

B-19
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Muir province

The Muir province (fig. B-1) is similar to Geikie province
in that it is dominated by foliated granitic rocks, mostly of
inferred Cretaceous age, the country rocks are hornfelsed
Paleozoic clastic rocks with some carbonates. It is like the
Chilkat province in that it includes significant amounts of
relatively unmetamorphosed Devonian and(or) Silurian volcanic
rocks and of Permian clastic, carbonate and volcanic rocks. It
differs from both of these provinces and from the rest of the
monument because the structural trends are dominantly
west-northwest and east-west instead of north-northwest (plate
la). In addition to the rocks noted above, minor amounts of
both Silurian graywacke and argillite and middle Devonian
fossiliferous limestone and volcanic rocks occur in the southern
part of the province.

Well foliated granodiorite of inferred Cretaceous age
dominates the intrusive rocks and occurs in three main bodies
(plate la). Locally foliated granodiorite of inferred Tertiary
and(or) Cretaceous age forms a large east-west trending body
east of the head of Muir Inlet, and stocks of unfoliated
porphyritic g;anodiorite and of andesite, both of inferred
Tertiary age occur near the eastern and western ends of the
province, respectively. Dikes related to all these bodies and

to perhaps younger igneous events are found throughout the

B-20 e
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province; they are particularly abundant in the large area of
hornfels that includes the Nunatak molybdenite deposit.

Fold structures in the hornfelsed rocks are generally
poorly expressed and have not been analysed. The less
metamorphosed Permian strata form a north-dipping homocline, or
possibly an asymmetric antiform. Several faults have been
mapped on the larger nunataks, but extensive glacier cover makes
definition of their lengths difficult. The part of the
province west and south of Muir Inlet is notable for abundant
local shearing, small scale fracturing and retrograde alteration
of the granitic and hornfelsed rocks.

The Muir province has some high-level Tertiary plutons,A
abundant local dikes, and extensive sheared and shattered areas
in the southern part of the province. It offers the possibility

Pordyry- 2nd porpuyy-  depestts
forlcopper{molybdeggm FPest

l, base metal veins, and for
volcanogenic sulfide deposits in the volcanic rocks present.

Extensive snow and ice cover severely limit exposures in the

northern part of the province.
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Interpretation of the aeromagnetic map of

[53

Glacier Bay National Monument, Alaska

by

Andrew Griscom

Aeromagnetic data and interpretation methods
The aeromagnetic map of Glacier Bay National Monument was
prepared in 1976 at a scale of 1;63,360 from data collected
predominantly along northeast-southwest flight lines spaced

; approximately 1.6 km (1l mile) apart. Because of the great range

)

of topographic relief in this region, the survey was divided

|
: into three areas, and each was flown at a different constant

n
¢
|

altitude above sea level. Most of the monument was flown at an
altitude of 2440 m (8000 ft); the Fairweather Range was flown at
4580 m (15,000 ft); and the coastal strip of the Fairweather
Range was flown on northwest-southeast traverses at an altitude
of 1,510 m (5,000 £ft). The three surveys have been mosaiked
together to form plate 1B at a scale of 1;125,000. The contour
interval is 10 gammas for the survey flown at 2440 m and is
5 and 25 gammas for the other two areas.

The local topographic relief both above and below glacial

ice is extreme throughout much of this area, particularly in the

)
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Fairweather Range and in the mountains of the northeast corner;
local relief of 1000 m is common and may exceed 3000 m near
Mount Fairweather. Where an area of high relief is composed of
magnetic rocks, a local magnetic anomaly is generated by the
topography. These magnetic anomalies caused by topography may
be superimposed upon even larger magnetic anomalies generated by
similar magnetic rocks extending to substantial depths .below the
surfacé- Thus within broad magnetically high areas there may be
local magnetic highs and log7over ridges and valleys
respectively. Examples of this sort of effect are especially
common in the northeast quarter of the aeromagnetic map and a
special symbol for these local topographic anomalies is used on

the interpretive map (figure B-1).
Figure B-1 near here

The magnetic anomalies and patterns on the aeromagnetic
map are caused by variations in the amount of magnetic minerals,
commonly magnetite, in the several rock units and are therefore
closely related to geologic features. Most, and perhaps all, of
the magnetic anomalies in this map area are caused by igneous

rocks, plutonic and volcanic, some of which have been

i

metamorphosed. No known skarn deposits have aeromagnetic expression.

The interpretive map (fig. B-l) was compiled by the

following procédure: a preliminary interpretation map was

B=23
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constructed using only the magnetic map and not referring to a
geologic map; then the interpretation map was compared with the
geologic map and refined by mgdifying boundaries and
interpreted faults; finally, an attempt was made to ascertain
the specific rock units causing every anomaly on the map. At
these magnetic latitudes, boundaries between outcropping
magnetic and relatively nonmagnetic rock units are in general
located on the flanks of the magnetic anomaly, approximately at
the steepest gradient. The aeromagnetic interpretation map
contains many such interpreted boundaries drawn around
characteristic anomalies and some of these correspond
approximately to mapped geologic contacts shown on the geologic
map (piate la). Some of the boundaries, and in particular those
which are dashed, represent only approximate outlines of
concealed or partly concealed plutons which appear to have
crudely domical forms with outward-dipping contacts. For

such configurations it is only possible to draw generalized
boundaries, if the attitude of the boundary is not specified.
Long linear magnetic boundaries, which may truncate other
magnetic lineaments, are interpreted as faults and are so

indicated on the interpretation map.
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-Aeromagnetic Interpretation Symbols

-~ ST=—=ee.. Fault inferred from aeromagnetic data

_NN“‘~—~._‘ Boundary between magnetic and less magnetic rocks,
Location approximate, Dashed where covered,

o : )
9006, Axis of magnetic low caused at least in part
- . by a linear topographic low.

Symbols indicating the rock unit believed to cause individual
aeromagretic anomalies. Each symbol is located at top of magnetic
kigh or at bottem of magnetic low. ‘

Symbois corresponding to units.on the geologic map

Tg Unfoliated felsic granitic rocks (Tertiary)
_ Kg Foliated granitic rocks (Cretaceous)
e gb Layered gabbro complexes (Unknown age)

Pvg Awmygdaloidal volcanic rock and greenstone (Permian)
DSvg Greenstone and other metavolcanic rocks (Silurian and Devonian)
ng Hornblende schist and gneiss (Unknown age)

Other symbols corresponding to rock units

g¢ Concealed granitic rocks, probably of Cretaceous age
sed Paleozoic layered rocks, predominantly sedimentary
A Unidentified magnetic rock unit at or near the surface

Topo Magnetic anomaly exaggerated by relatively high-altitude
magnetic rocks.

Figure B-l.--Interpretation of aeromagnetic map of Glacier Bay National Monument,
Alaska (Part one of three).
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Many of the magnetic lows on the aeromagnetic map are
associated with nonmagnetic sedimentary or igneous rocks. Some of
these magnetic lows and other lows located within areas of magnetic
granitic rocks are on the north side of magnetic rock masses and
are the result of edge effects of the magnetic mass.

Various calculations including depth determirations and
simulation of models of certain anomalies were performed and are
described below under the appropriate sections on specific rock

units.
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Magnetic properties of rocks

In order to interpret the aeromagnetic map it is useful to
know the magnetic properties of the rock units causing the
magnetic anomalies. There are two such properties to be
considered. The first is the magnetic susceptibility which when
multiplied by the intensity of the earth’s magnetic field (here
approximétely 0.57 oersteds) gives the induced magnetization of
the rock. The second property is the remanent magnetizatiom
which is the permanent magnetization of the rock sample and is
independent of the present magnetic field of the earth. The
relative importance of the two magnetic properties is expressed
by the Kgnigsberger ratio (Q) which is the remanent
magnetization divided by the induced magnetization. As
described below, the Q of rocks from the Glacier Bay area is
generally much less than unity so that the induced magnetization
is by far the most important magnetic property.

During field work in the summer of 1976 rock samples were
collected for physical properties measurements. Other samples
were made available from the collection of D. A. Brew for similar
measurements. C. S. Grommé has kindly provided magnetic properties
for samples collected from the gabbro bodies of Astrolabe Point
and Mount La Perouse. The results of all of these measurements

are summarized in table B-l and are separated into two general
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Table B-1 near here

groups of rocks depending on the side of the major magnetic
boundary (fig. B-1) from which they came. These results are
discussed more fully in subsequent sections dealing with

individual rock units.
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General interpretation of the aeromagnetic map

%)

The aeromagnetic map displays several areas with
characteristic patterns. The east half of the map is composed
of closely~spaced broad subcircular magnetic highs which
indicate that most of the rocks in this area are magnetic.

Correlation of the subcircular anomalies with the geologic map

~

demonstrates that nearly all of the magnetic anomalies are

| caused by the Cretaceous and Tertiary granitic rocks.

«

A broad magnetic gradient extends from north to south across
the center of the map and slopes down to the west. The
steepest part of this gradient is the location of the "major

magnetic boundary" (fig. B-1), marking the western edge of the

magnetic granitic rocks. A linear magnetic high 6 km west of
and parallel to the boundary is about 40 km long and is caused
"= by an isolated mass of magnetic Cretaceous granitic rocks.
16 The area extending 30 km west of the major magnetic
boundary has an extremely smooth magnetic field indicating that
: the rocks are only weakly magnetic. A series of elliptical
magnetic highs caused by gabbro plutons is west of the smooth
area. Parallel to and adjacent to the Fairweather fault is a
< ; narrow linear high caused by a narrow belt of magnetic
hornblende schist and gneiss.

Finally, west of the Fairweather fault are a series of

linear magnetic highs which correlate with outcrops of foliated
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Intrusive Rocks

Layered gabbro complexes

A row of four gabbro complexes extends from north to south
down the west portion of the area. The northern cowples af WMouut
Fairweather has evident magnetic expression and the anomaly
appears to extend south of the exposed area of gabbro to two
large local anomalies (labeled "A" on fig. B-1) whose cause is
not evident. These two local anomalies are close to
major peaks are are in part_caused by topography;
but some of the rocks in those peaks are
probably magnetic. However, these rocks,
hornblende schist and granitic rocks, in general have no

magnetic expression in this area of the map and the writer

prefers to consider the source of these anomalies as unidentified.

The association of these anomalies with the ome caused

by the gabbro of Mount Fairweather suggests that the anomalies
may also in part be caused by gabbroic rocks, possibly concealed
at shallow depth.

A weak broad magnetic anomaly near

"Mount Crillon is believed to be caused by the northern

portion of the Mount La Perouse complex and an associated
complex located 3 km north of the La Perouse body. These rocks

must be only very weakly magnetic because of the low amplitude
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of the anomaly. South of Mount Crillon the La Perouse complex

becomes nearly non-magnetic in the southern two-thirds of the

[}

exposures. There is here no evident magnetic expression at all

% and sample measurements (table B-1) confirm the very weak

= magnetic properties. These properties are of interest relative
east

’ to the nickel-bearing sulfide deposit near the southffesy contact

of the La Perouse complex and indicate that the sulfide-bearing :

o

gabbro complexes may be the non-magnetic ones.

The southern complex is located north of Astrolabe Point
and has a well-defined associated magnetic anomaly. A
calculated model simulating this anomaly (A-A" on fig. B-2)

indicates that the contacts of the magnetic rock mass dip

Figure B-2 near here

o

outward and that the vertical extent of the body may be as great
as 3 km. The computed magnetization for the model is
approximately two-thirds that for the measured rock samples
(table B~1) but much of this discrepancy has been caused by the
simplifying assumption that the model is two-dimensional; that is, it
. extends to infinity in a direction at right angles to the
2 profile.
The southern extension of the Astrolabe Point magnetic
anomaly puts an eastern limit on the offshore location of the

Fairweather fault which should not intersect the southegn enqmqf

B-35
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the magnetic high. This limit forces a slight bend of the fault

near a point where it leaves the shore.
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Foliated granitic rocks

The foliated granitic rocks of Cretaceous age display
three different kinds of magnetic expression depending upon
location. East of the major magnetic boundary these rocks are
all intensely magnetic, exhibiting large subcircular magnetic
anomalies and substantial magnetic susceptibilities (table B-1).
In the central area between the major magnetic boundary and the
Fairweather fault these rocks are weakly magnetic (table B-1)
except for those causing the linear magnetic high 3 km west of
the boundary. West of the Fairweather fault the foliated
granitic rocks are still weakly magnetic (table B-1), but the
surveying aircraft flew relatively close to the gound and the
surrounding Cretaceous and Tertiary sedimentary rocks are
non-magnetic. As a result there are linear magnetic highs
observed over the elevated granitic rocks.

Certain magnetic anomalies over areas of sedimentary rocks
in the southeastern part of the monument are interpreted to be
caused by concealed granites (gc on fig. B-1), either because
of the form of the anomaly or because the anomaly appears to be
associated with an adjacent anomaly known to be caused by
granitic rocks. Significant characteristics of all these
subcircular anomalies are the substantial width of the magnetic
gradients on the anomaly flanks and the common absence of a

nearby magnetic low on the north side of the anomaly. These two
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characteristics indicate outward-dipping contacts for the
intrusions. Boundaries for plutons of such shape can only be
approximated if the rocks are not exposed.

The three most intense circular anomalies east of the
major magnetic boundary occur near relatively isolated summits
where foliated granitic rocks are exposed at altitudes of 1300
to 1600 m (4000 to 5000 ft). Calculations on profile B-B’

(fig. B-2) indicate that these anomalies are more intense
because of a topographic effect, amounting to about 130 gammas
if the magnetic rocks extend to an altitude of 1000 m. A
mountain ridge 1300 m (4000 ft) high with a base 6 km wide at
sea level (fig. B-2) will cause an anomaly of about 200 gammas
at the flight height of this survey, using the magneﬁic
properties of table B-l1). The 200 gammas represents the
contribution to the total anomaly amplitude caused by the
topographic effect and, if removed, will leave an anomaly
comparable in amplitude to adjacent anomalies caused by granitic
rocks at lower elevations. All of the observed anomalies can
thus be explained by the magnetic properties of the rocks and
are not indications of mineralization.

Large sq}fide—bearing‘altered zones, such as those.typical of
porphyry-copper deposits may be accompanied by destruction of
magnetite%ihe altered rocks. If these rocks where fresh contain
significant amounts of magnetite, then a mineralized area may

appear as a local magnetic low, possibly superimposed upon a

Ry et - .=

B-39



§-1247

-

<o

~1

e e = et o e im e e = e e

broader magnetic high. Unfortunately topographic effects, such
as a deep valley, will also cause local magnetic lows, and there
is the added complication that altered rocks may erode out to
form topographic lows. Many local magnetic lows are observed
over areas of granitic rocks near the northeast corner of the
aeromagnetic map. All of these lows appear to be associated
with topographic lows that are commonly occupied by glaciers.
There is no clear indication of porphyry-copper mineralization
in this area on the basis of the aeromagnetic map.

The west-sloping magnetic gradient associated with the
major magnetic boundary provides an opportunity to calculate the
minimum thickness of the magnetic granitic rocks on the east
side of the boundary. Model calculations (fig. B-3) were

performed to simulate the gradient along profiles C-C’
Figure B-3 near here

and D-D’. Profile D-D’ was taken along a flight line and then
projected normal to the gradient before performing the model
calculation. The models extend down to about 10 km below sea
level and imply that the eastern magnetic granitic rocks form a
slab at least this thick. The magnetizations used for profiles
C-C’ and D-D’ were 2.2 x 1073 and 1.8 x 10”3 emu/cm3,
respectively. These values are comparable with the measured

magnetizations (table B-1) which when added together vectorially
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when added together vectorially give a maximum result of about

1.71 x 1073 for the foliated granitic rocks.
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Unfoliated felsic granitic rocks
The unfoliated granitic rocks of Tertiary age are less

abundant than the foliated Cretaceous granitic rocks but have
similar magnetic expression depending on the location. East of
the majof magnetic boundary the Tertiary granitic plutons
without exception are associated with magnetic highs. West of
the boundary the Tertiary plutons are very weakly magnetic
either occupying magnetic lows or appearing to have no effect on
the magnetic map. The physical properties listed in table B-1
confirm that the rocks have a large susceptibility east of the

boundary and a very small susceptibility west of the boundary.
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Layered Rocks

Hornblende schist and gneiss
The hornblende schist and gneiss unit is found in a belt

about 12 km wide parallel to and on the east side of the

o

Fairweather fault. The unit generally has no magnetic
expression and must be only weakly magnetic. A narrow linear
. magnmetic high, parallel to the Fairweather Fault and located

about 2 km east of the fault, forms a very spriking featgre on the
o magnetic map. This high is evidently caused by a specific
magnetic unit within the generally non-magnetic hormblende
; schist and gneiss. Magnetic properties measurements on rock
samples (table B-1) confirm the existence of a narrow magnetic
unit located at the crest of the high. It is not known whether

this magnetic unit is also a stratigraphic unit; field mapping

did not show any lithologic differences.

~
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Sedimentary and metasedimentary rocks
These rocks are found throughout the aeromagnetic map area

and are universally associated with magnetic lows or areas of

smooth magnetic field. The rocks are at most weakly magnetic.

Samples of biotite schist and gneiss from the area southeast of

Astrolabl% Peninsula are very weakly magnetic (table B-1l).

7 The isolated patches of sedimentary rocks found within the
large area of Cretaceous granitic rocks east of the major
magnetic boundary are in magnetic lows and are interpreted to be
relatively thin remanents lying upon a more continuous mass of
granitic rocks at depth. Model calculations show that a mass of
mon-magnetic material 1.6 km thick surrounded by magnetic
granitic rocks (magnetization 0.017 emu/cm3) can cause a local

magnetic low ranging in amplitude from 150 to 200 gammas,

s~ depending on the attitude of the contacts. The observed

magnetic lows associated with patches of sedimentary rocks are

~

rarely larger than 100 gammas and never large than 150 gammas.
It is concluded therefore that the isolated patches of

non-magnetic sedimentary rocks are in general no more than

N—+ 1.6 km thick, much thinner than their lateral dimensions, and
also much thinner than the calculated 10 km thickness of the

magnetic granitic rocks.
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Paleozoic volcanic rocks
East of the major magnetic boundary there are two volcanic
rock units which cause local anomalies on the aeromagnetic map.
These anomalies are outlined by boundaries on the interpretive
map (fig. B-1). Of these relatively minér anomalies two are
caused by the greenstone and other metavolcanic rocks of of
Silurian and Devonian age, one of the anomalies being about 9 km

long by 5 km wide.

B-46 (p. B-48 follows) - -
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Faults

Several interpreted faults are shown on the aeromagnetic
interpretation map. These faults are permitted by the
geophysical data but may not be as extensive or continuous as
indicated in figure B-1l. The magnetic anomaly at Astrolabe
Peninsula places an eastern limit on the offshore extension of
the Fairweather fault. The thrust fault shown on the geologic
map paralleling the shoreline west of the Fairweather fault does
not appear to offset the basement surface because there is no

disturbance of the magnetic gradient east of the thrust fault.
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Major Magnetic Boundary

- The significance of the major magnetic boundary (fig. B-1)

is not entirely clear but it is evidently of considerable regional

importance. Pertinent facts relating to the boundary are
briefly reviewed below. The boundary separates a region of
extremely magnetic granitic rocks from a region of very weakly
magnetic rocks along a rather straight line. Calculations show
that the magnétic rocks are about 10 km thick. Granitic rocks
of Cretaceous and Tertiary age are found on both sides of the
boundary and are magnetic to the east and non-magnetic to the
west. The boundary is parallel to and 4 to 10-km east of the
eastern border of the Tarr Inlet suture zone (Brew and Morrell,
1978). This eastern border is shown on the geologic map as the
fault extending from Tarr Inlet at the north edge of the map
southward under the Lamplugh and Brady Glaciers.

As a tentative hypothesis it is suggested that the
magnetic properties of the different ages of granitic rocks were
determined by the crustal rocks in which the plutons formed or
through which the plutons moved upwards. The presence of a
suture zone indicates that different crustal rocks were
juxtaposed here along a line near to and parallel to the major
magnetic boundary. Perhaps these different crusts were the
cause of the differing magnetic properties of the granitic rocks

on each side of the boundary. These differences may also include

B-49
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Interpretation of gravity and ice-thickness data

by David F. Barnes, Robert L. Morin and Raymond D. Watts

Large gravity anomalies within the Glacier Bay Wilderness
Study Area suggest that some of the rock units associated with
significant mineral deposits may have vertical and(or)
horizontal dimensions that locally exceed those indicated by
geologic mapping. Gravity measurements in the area began in
1956 and have continued as parts of various geodetic,
glaciological, marine and reglonal studies (Thiel and others,
1958; Rice, 1969; Peterson, 1970; Gumma and others, 1973; Barmnes
and others, 1975; Barnes, 1977). Surveys made in 1976 were
planned to complete the regional coverage of the area and were
aided by both helicopter support and radar ice-thickness
measurements; the latter provided estimates ofAthe gravitational
effect of underlying ice masses where the terrain was so
mountainous that landings could only be made on glaciers.
However, various problems limited both the number of
meaéurements and the coverage obtained. Good regional gravity
coverage of the whole monument may depend on perfection of
airborne techniques for both gravity and ice-thickness

measurement.

w820~ 3P0
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Gravity data

Much of the shoreline gravity data were collected by skiff
traverses in the 1969 and 1972 field seasons during which the
M.V. WATERS served as support vessel (Barnes and others, 1972
and 1975). Additional shore line traverses and most of the
helicopter traverses were completed in 1976,‘using the

R.V DON J. MILLER as support vessel. Nearly 500 measurements

are now available in the study area and have been incorporated
along with some other data (Petersom, D. N., 1970, and Hudson,
Travis, personal communication, September 1975) in figure B-4,

which does not include some available data from marine surveys.

Figure B-4 near here

Datum control for the gravity surveys was established by
the southeastern Alaska gravity base station network (Barnes,
1972), which has been adjusted to the International Gravity
Standardization Net - "IGSN 71" (Morelli and others, 1974). The
principal base for the surveys was at Bartlett Cove on the
concrete platform of the fuel pump house and above the bronze
Reference Mark 2 of USC&GS triangulaton station "PARK", where
the established gravity is 981,770.15 mgal on the 1971 datum.

Additional recoverable bases were established at temporary

B-52 =S -l 6RO
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operating centers which are shown in figure B-4; descriptioms
and observed gravities of these stations may be obtained from
the U.S. Geological Survey. Elevation control for the shoreline
data was obtained from sea level corrected for tidal variations;
and altimetry was used for most of the land measurements, where
the calculated anomalies may thus have a much greater
uncertainty of perhaps + 5 mgals. The reduction density was
2760 kg/m3, which was obtained from measurements discussed in
the next section; and the latitude correction was obtained from
the 1967 Geodetic Reference System. The data have been partly
corrected for the effects of nearby terrain (to a radius of

25 km) by a computer program (Plouff, 1977) which uses mean
elevations estimated by eye for compartments with dimensions of
1 minute of latitude by 2 minutes of longitude. 1In the area
between Mount La Perouse and Lituya Bay, where both the number
of gtations and steepness of terrain are large, compartments of
half this size were used. At most land stations the accuracy of
the terrain corrections i; probably good in comparison with the
accuracy of elevation corrections obtained from altimetry.
However, a few measurements were made on snow domes and
cornices, where the computer-calculated anomalies may be a few
milligals low, but where measurements necessary for accurate
inner-zone corrections could not be safely obtained. Even

larger uncertainties were encountered in using some of the radar
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ice-thickness measurements to estimate the effects of underlying
ice, where various assumptions concerning the under-ice
topography can produce corrections varying through a range of

40 mgals for some of the ice thicknesses encountered.
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Density data

Density measurements were made on about 175 hand specimens
by standard techniques of weighing in air and water. The
specimens measured were selected in three different groups:

1) nearly 100 samples collected for magnetic and other physical
property measurements during the 1976 geophysical surveys;

2) 30 to 40 samples from the geologists’ collections selected to
represent the principal rock groups on the generalized geologic
map; 3) 30 to 40 samples from specific rock units which are
associated with the larger gravity anomalies. The distribution -
of the density data is therefore somewhat uneven, and the
classification of the rock units reflects the varying objectives
of the sampling. The density data are summarized in figure B-3,

and the crosses in figure B-#4 show the localities where the

Figure B-5 near here

measured specimens were collected.

Both the density data and the gravity map suggest that
only a few rock units in the study area are responsible for the
larger gravity anomalies; the Tertiarysedimentary and intrusive
rocks have slightly low mean densities, and the layered gabbros

and high-grade garnet gneisses have significantly high mean
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densities. The remaining Mesozoic,.Paleozoic and
Predzgmbrian(?) sedimentary, intrusive and metamorphic rock
units all have mean densities that range between 2720 kg/m3 and
2820 kg/m3. The mean density for all of these rock units that
do not produce large anomalies is 2760 kg/mB, which is
significantly higher than the typical continmental~rock

2670 kg/m3 mean density used in the reduction of gravity data
for most regional maps including the Alaska gravity map (Barnes,
1977). The higher mean density (2760 kg/m3) was used for

reduction of the data for this map of the study area but earlier

.gravity maps of the same area have used the lower standard

density. Although the mean densities of most of the Mesozoic to
Preig;mbrian(?) rock units are similar, figure B-5 does suggest
that the densities of these roek units increase slightly with
age and metamorphic grade. Small gravity anomalies are probably
associated with some outcrops of these slightly older and higher
grade rock units, but most of these anomalies seem to be
sufficienﬁly subtle to be masked by steeper gradients associated
with the larger anomalies and regional fields.

The rocks with the highest degree of metamorphism in the
study area are also its densest rocks and cause a significant
broad gravity high in the south-central part of the area near
Dundas Bay. The specimens of these foliated hornblende-quartz-

feldspar gneisses with significant amounts of garmet varied

8‘59 cAl =15 =920 -1 Rohid g
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widely in hand-specimen density but averaged over 3000 kg/m3.
The other dense rock group in the study area consists of the
layered gabbros of the Astrolabe, Crillon-La Perouse,

Mount Wilbur, and Mount Fairweather complexes. The densities

w

measured for specimens of these rocks also varied widely but

average slightly less than 3000 kg/m3. The associated gravity
anomalies are large and suggest thickness greater than a few
kilometers. Most of the specimens measured were the gabbro
cores used for the paleomagnetic studies; and such rocks could ;

constitute too selective a sampling of the rock unit.

Only the Tertiary rock units have low enough mean
densities to cause significant gravity lows, but the number of

samples measured may be too small to provide accurate mean

! densities because the density variation is large. The Tertiary

felsic intrusives have a mean density of 2690 kg/m3 which is

high in comparison with most continental rocks but low enough to
cause small negative anomalies in this area, where denser rocks
predominate. 1In figure B-5 an even larger density variation is

indicated for the Tertiary sedimentary rocks, but the mean

20— -

density 1s strongly influenced by the high density of ome
phyllitic specimen which may have been metamorphosed by nearby

| volcanic rocks. If this specimen is ignored, the mean density
is close to 2590 kg/m3, a value that resembles measurements made
on similar rocks in other parts of the Gulf of Alaska (D. F.

Barnes, unpublished data). Furthermore, less indurated Tertiary

PR . P Gis

B-60



9-1257

~i

)

sedimentary rocks are present but are difficult to sample and

- measure. The mean density of the entire Tertiary stratigraphic

section may thus be significantly lower.
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Description and interpretation of the gravity field

Figure B-4 shows that the gravity field of the study area
can be separated into two principal parts with contrasting
anomaly patterns. One part is a belt of high amplitude
anomalies in the western part of the area that almost parallels
the Gulf of Alaska coastline and the other part is a zone of
gentle gradients in which the gravity field decreases gradually
but irregularly towards the northern and eastern part of the
area. The boundary between these two anomaly patterns extends
from lower Johns Hopkins Glacier to the western cornmer of the
entrance to Glacier Bay. This gravitational boundary is thus
oblique to and largely\west of both the geologic boundary
described as the Tarr Inlet suture zone and the magnetic
boundary that is parallel to and east of that zone. However,
the gravitational contours are strongly influenced by both
crustal thickness and local high-grade metamorphism, which may
deflect both the northern and southern ends of the boundary,
respectively. Adjustment for such deflecting factors could
rotate the gravitational boundary so that it would be parallel
to but west of the geologic and magnetic boundaries. The
gravitational patterns probably reflect deep features which are
not obvious in the exposed geology and which do not influence

the magnetic field.
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! ' The zone of gentle gradients contains no large closed
2 anomalies or large deflections of the gravity contours within
3 the study area. Figure B-4 does, however, show two closed
4 anomalies just outside the monument. A large closed high in the
5— northeast corner of the map is associated with the Haines gabbro
° ‘ body, and a smaller closed high south of Gustavus also shows on
7 the magnetic map and is probably a mafic intrusion. Except for
T8 these features, the gravity field within the zone of gentle
4 ; gradients resembles that in the remainder of southeastern Alaska
12—, with the important exception that the contours in the northern

part of the map have a pronounced east-west trend. In much of

the remainder of southeastern Alaska (Barnes, 1977) the gravity

By contours are similarly spaced and depict a field that decreases
14 i gradually from high anomalies near the coastline to a low near
15—I the International Boundary. This decrease is believed to

16 } represent an increase of crustal thickness from about 15 km at

7 E the continental margin to about 45 km near the Canadian border.

'3 | In the study area the anomaly change 1is smaller and the crustal
A thickness probably increases only to about 35 to 40 km. The

. east-west trend of these contours in the study area is of some
A interest. Throughout the remainder of southeastern Alaska the -
2 40 to -70 contours all trend northwest parallel to the

iz International Boundary, but near Lynn Canal these contours bend
LA sharply westward. The topographic axis of the Takhinsha

35— Mountains along the north edge of the study area is also east-

SR
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west and the gravity contours probably represent crustal
thickening beneath these mountains.

The belt of high-amplitude anomalles in the western part
of thé study area is dominated by a gravity high along the axis
of the Falrweather Range, but between this feature and the zone
of gentle gradients are some smaller anomalies that deserve
discussion. Near Dundas Bay, at the south edge of the map,. is a
small gravity high which includes Bouguer anomalies higher than
+30 mgals. The highest anomalies were measured in the West Arm
of Dundas Bay and on the nearby shoreline of Icy Strait , both
of which are in the most highly metamorphosed and densest rocks
found in the study area. Figure B-5 shows that these high-grade
garnet-rich gneisses, schists, amphibolites, and metavolcanics
of early Paleozoig age (part in the Pzg map unit) have a mean
density of 3020 kg/m3; about 0.26 kg/m3 higher than the mean
density of the surrounding rocks. The +20 mgal contour
approximately oqtlines the outcrop area, but the +10 contour
outlines a broader area that includes several outcrops of
Cretaceous granite and other rocks. The broader anomaly is
interpreted as evidence of higher grade metamorphic rocks which
may locally underlie some of the granites. Calculations based
on the simple assuﬁptions of an infinite slab suggest that the
total thickness of the higher grade rocks probably exceeds 2 km.

If they represent a deep roof pendant surrounded by granite this

might also explain the higher grade of metamorphism. The
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anomaly extends southward across the Inian Islands in Icy Strait
and onto the northern shore of Chichagof Island, where higher
gravity values were measured along portions of Idaho Inlet.
Geolgically, these higher grade metamorphic rocks belong in the
Geikie province, so the anomaly should perhaps not be considered
part of the ﬁelt of high amplitude anomalies that seems to form
the western part of the Glacier Bay gravity field. Rocks of the
same unit occur north of the Geikie Inlet, where their
metamorphic grade is lower and where their influence on the
gravity field is smaller.

The zero-milligal contour on the east side of the gravity .
high caused by the Dundas Bay metamorphic rocks might be
considered the extreme limit of the anomaly. However, this
contour closely parallels the west edge of an area of Tertiary
granitic rock and is believed to be controlled by these
intrusives. The anomaly associated with these rocks is so small
that its eastern boundary is obscured by the regional gradient,
and its amplitude cannot be estimated from available data.
Similarly on the west side of the metamorphic high a strip of
low gravity bordered by +10 mGal contours extends southward
alpng the west side of Brady Glacier and Taylor Bay. This
gravity low is also associated with outcrops of the Tertiary
granites. Tertiary granites also extend northward and probably
cause some of the low gravity measured along the west side of

Brady Glacier. Data in this area are, however, very scarce, and

R . e
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there are not enough stations to isolate a local low from the
regional decrease in gravity. Figure B-5 shows that the mean
dengity of the Tertlary intrusive rocks is only slightly lower
than that on most of the rocks in the study area.

The gradients associated with the high-grade metamorphic
rock and the Tertiary intrusives are both small in comparison
with the much larger gravity features that dominate the belt of
high amplitude anomalies: namely a gravity high along the belt
of ultramafic rocks which forms the axis of the Fairweather
Range and an adjacent gravity decrease westward towards the
coastal Tertiary section. These two anomalies are separated by
such a short distance that each affects the quantitative
interpretation of the other. The Bouguer anomalies along the
trend of the Fairweather Range locally exceed +50 mGal, values
which are extremely unusual for mountains with peaks having
elevations of 4 to 5 km, where anomalies below -100 mgals might
be expected. The isostatic anomalies in the Fairweather Range
are extremely high and are probably exceeded at only a few
places in the world such as the Santa Marta Mountains of
Columbia (Case and MacDonald, 1973). Where such anomalies do
exist they are generally associated with one or more bordering
gravity lows, such as occurs in the study area, but the tectonic
relationship between the highs and lows is often uncertain.

Virtually all of the gravity measurements in the higher

parts of the Fairweather Range produce high Bouguer anomalies
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even though some are not close to mapped outcrops of gabbro.
These §alues suggest that the gabbro probably underlies a larger
proportion of the mountain range than is indicated by geologic
mapping, and that it may underlie most of the length of the
range as outlined by the +30 mGal contours in figure B-4.
However, the measurements are really too few and not well enough
distributed to prove such a conclusion, although none of the
data contradict it. For example, the gravity data are contoured
as though the Astrolabe-De Langle and Crillon-La Perouse gabbro
bodies are connected at depth even though the two intrusionms
have different compositions and magnetic properties. The lack
of any gravity measurements on Mount Marchainville makes such
contouring questionable, but a single measurement on a glacier
east of the mountain tends to support the cont0ur£ng.

Most of the Fairweather Range gravity data are
concentrated in the vicinity of Mounts La Perouse, Dagelet and
Bertha. Here the center of the belt of contours that marks the
east side of the anomaly is 1 to 3 km east of the gabbro outcrop
and suggests that this may be the true edge of the outcrop, but
here the effects of the Fairweather fault and nearby Tertiary
section also tend to shift the gradient seaward. Thus
preliminary inspection of the gravity anomaly suggests that the
gabbro complex is both longer and wider than its outcrop.

The combined gravity and density data provide some

information concerning the vertical form of the gabbro
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intrusion, but the analysis is not conclusive and is complicated
by uncertainties in the data and in necessary assumptions.
Figure B~5 shows that the mean density of the gabbro is about
240 kg/m3 higher than that of the surrounding rocks, and the map
suggests a total Bouguer anomaly of about 45 mGal for the
intrusion. These two figures can be used in'an infinite-slab
approximation to estimate that the gabbro has a total depth of
more than 5 km. Simple two-dimensional model studies tend to
increase this thickness to about 6.5 km and suggest that the
sides of the intrusion are close to vertical. However, these
calculations assume a regional field that is nearly flat but
increasing slightly (less than 0.2 mgal/km) toward the ocean.
This regional gradient cannot be accurately estimated because
the gravity anomaly at the coastline on the western side of the
map is known to be strongly influenced, but to an unknown
extent, by the presence of underlying Tertiary sedimentary
rocks.

The gravity low associated with the Tertiary sedimentary
rocks 1is another very large anomaly that is difficult to
analyze. At Lituya Bay the Bouguer anomaly decreases about
50 mgal between the mountain front (Fairweather fault) and the
seacoast. The discussion of figure B-5 suggested that
reasonable density for these Tertiary sedimentary rocks might be
about 2,590 kg/m3 or lower, which would suggest a density

contrast of about 170 kg/m3 or more. From these data infinite-~
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slab calculations indicate that the Tertiary section is about
5 km thick at the coastline. This figure is too high, so the
low-density portion of the Tertiary section may not have been
adequately sampled. Seismic data from offshore (Plafker and
others, 1955) indicate a probable thickness between 2 and 3 km,
although the sedimentary velocity is as poorly known as the

density.
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Ice-thickness measurements

The ice-thickness measurements were made primarily to
support the regional gravity coverage and used the technique for
radio-echo sounding of glaciers described by Watts and England
(1976). The initial measurements were made on Finger,

La Perouse, Crillon, Desoclation, and Fairweather glaciers, which
are valley glaciers flowing westward from the higher mountain
summits towards the Gulf of Alaska. The measured ice
thicknesses ranged from 100 m on their lower ice tongues to as
much as 450 m in their upper cirques, and thicknesses of

200 to 300 m were typical of most valley portions of the

glaciers. These measurements are summarized in table B-2.
Table B-2 near here

The Brady Glacier is tﬁe largest in the monument and
drains much of the eastern flank of Mounts La Perouse and
Bertha. Its upper icefield is the accumulation area for several
smaller glaciers as well, including Reid Glacier, which flows
northward into Reid Inlet on upper Glacier Bay. Figure B-6
shows a contour map of the surface of Brady Glacier and the
locations and magnitudes of the seven ice-thickness measurements

that were made on it and its tributaries.
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Uelonald

Ice Thickness Measuremcnts in Glacier Bay,Monument
N [

Ice
Gravity Elev Thickness
Glacier Station latitude Longitude m m
La Perouse CA88 58729.45 137°16.68 195 99/191 - On Lower tongue
" GA90 58°30.65 137°13.75 370 174 KW of South Dome
" GB27 58°35.14  137°10.40 1915 214 S. of Mt, Dagelet
" GB35 58°33.60 137°06.60 2255 442 Cirque S, of Mt, LaPerouse
" . GB33 58°35.60 137°06.80 2640 408/402 Saddle E, of Mt, Dagelet
Finger GA95 58°30.10 137°07.00 785 207 At Junction of N, Branch
" GB37 - 58°31.88 137°06.80 1925 273 Central Cirque on N, side
" GB30 538°29.45 137°02.10 1940 239 Saddle on S, side
" GB36 58°32.20 137°04,90 1980 228 Northwest upper Cirque
€rillon GB17 58°37.48 137°24.35 380 358 Near Center in Desolation Va
§. Crillon GB16 58°37.38 137°21.42 670 207 Center of lcwar glacier
S. Crillen oBl2 58°37.79 137°18.65 895 337 Middle of glacier
Descolation GB19 58°47.45 137°31.40 1095 303 Northeast Cirque
Fairveather GB24 58°50,65 137°44.60 ' 400 369 W. of Desolation Valley
on GB2le 58°51,90 137°26.82 1820 170/496 NW of Mt. Salisbury
b GB22 58°51.97 137°38.90 1890 273 Cirque SE of Mt. Fairweath=r
Brady GC35 58°33.40 136°45.40 660 910 SW of Mt. Divide
" GC30 58°30.20 136°46.80 765 948 SE of Aurora Glacier
" GC36 58°35.35 136°57.30 990 1022 - Center of W arm E of Mt.
LaPerouse
" GC40 58°36.20. 136°56.60 1000 201 Ice rise N of Nunatak
" GC39 58°34,38 136°59.95 - 1160 254 Cirque E of Mt. LaPerouse
" GB32 58°36.38 137°03.30 1280 235 Cirque SE of Mt. Crillon
u GB31 58°39.05 137202.35 1480 222/229 Cirque S of Mt. Bertha
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Figure B-& near here
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The ice-surface contours and the several nunataks suggest
a complex and rugged sub-ice topography which was confirmed by
the radio soundings. The two measurements near the main axis of
the glacier (950 m and 910 m) both indicate a basement depth of
about 200 meters below sea level. Presumably, the glacier £fills
a deep fiord and the western shore of Glacier Bay would be part
of an island if the glacier, its outwash fan, and its terminal
moraine were removed.

On the western arm of Brady Glacier, about 200 km east of
the shoulder of Mount La Peroyse, measurements indicated an ice
thickness of 1020 m and suggested the bottom of the glacier is
below sea level. The contrast between this below-sealevel
elevation and the 300 m summit of the mountain indicates very
rugged topographic relief. Furthermore, the probable directions
of ice motion may be inferred from the ice surface contours and
from crevasse patterns, and these approximate flow directions
are shown by arrows on the map. The arrow nearest to this
ice~thickness measurement indicates a probable southeastward
motion of the glacier and suggests that a deep fiord may follow
the approximate direction of this arrow. Such a fiord could
underlie the ice on the north side of the small nunataks where
the Brady Glacier nickel-copper prospect crops out (plate 3).
This mineralized prospect has been extensively drilled, but the
proximity of a deep nearby glacier could restrict the deposit’s

dimensions. However, the actual ice-thickness measurements are
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Geochemistry
By

Bruce R. Johnson and Donald Grybeck

Introduction

Geochemical studies by the Geological Survey in Glacier Bay

National Monument included sémplihg both bedrock and active-stream
sediments. The bedrock sampling program provided information on the
normal or "background” abundance of the elements in each rock unit and
also on the concentration of metallic elements in altered or mineralized

zones. The bedrock data were also used to aid in interpretation of

stream sediment data. The stream-sediment sampling program was designed

,to identify drainages or areas with anomalously high concentrations of

one or more elements. The anomalous samples serve as indicators of
previously unidentified mineralization or can be related to known
mineralization.

Stream-sediment samples were usually collected prior to geologic
mapping with the aid of a helicopter in inland areas and with small
boats along shorelines. During the coastal sampling, clay-sized or
silt-sized material was collected from active stream channels above the
highest high-tide level whenever possible. Clay-or silt-sized material
was difficult to obtain from streams with steep gradients or adjacent to
glaciers ' and some samples consisted mostly of sand-sized and larger
material. Each sample was dried and screened and the minus 80-mesh

fraction was analyzed.
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Stream-sediment samples reflect differing weathering conditions and
modes of metallic element transport. Most samples collected below timber-
line had a moderate organic content and a high clay-size material content
although organic-free material was sought. In these samples, the metals
are probably largely scavenged from solution by chemical action onto
clays and iron oxides. However, samples from streams above timberline or
adjacent to glaciers, even when composed of clay- or silt-sized material,
probably consist largely of mechanically broken rock material and chemical
solution and deposition is probably minor. Some of the major rivers
flowing below timberline, the Dixon River for example are also depositing
fine sediments by the settling of glacial flour. Because of these vari-
abilities as well as analytical variations, single anomalous stream-
sediment samples were not considered as reliable indicators of possible
mineralized bedrock as were clusters of samples with anomalous values.

The stream—-sediment samples used in this study include samples
collected in 1975 and 1976, as well as samples collected in 1966 as part
of an earlier U.S.G.S. program (MacKevett and othérs, 1971). Duplicate
samples were collected at all stream sediment sites to compensate for
the analytical variation found in a similar program in the Tracy Arm-
Fords Terror area to the southeast (Johnson and others, 1977). The 1966
analyses were not completely compatible with the 1975 and 1976 analyses
due primarily to changes in analytical techniques and detection limits

for some elements. To £fill in areas of incomplete coverage in the 1975-76
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work, 714 samples collected in 1966 were reanalyzed using current
techniques. Prior to statistical analysis of the data, analytical
results for each str;am—sediment site were averaged. Therefore,
approximately 700 of the 1300 site values are based on single samples
while the remaining 600 are based on duplicate samples.

A bedrock sample (or samples) was collected for geochemical
analysis at each geologic station. The number of these samples varies
areally depending on access and the type of geologic mapping. 1In
general, at least one sample was collected per square kilometer of
outcrop in the western third of the Monument. However, the sample
density thins rapidly to the east averaging approximately one station
‘per 50 square kilometers along the eastern boundary. Each rock type
present at each station was sampled and particular care was ;aken to
;ample all rocks with visible alteration, staining, or ore minerals.
For this reason, thg total bedrock sample population is considered
::TT biased toward samples. high in metals of economic interest.
These samples were not removed from the total rock population and the
backgr§und levels determined by subsequent statistical analyses may be
slightly high. Mineralized bedrock samples collected in 1966 were not

included in the present study.

B-78



Analytical support

All geochemical samples were analyzed spectrographically for 30
elements by the U.S.G.S. Branch of Exploration Research with the
standard Geological Survey semiquantitative techniques and for gold,
copper, lead, mercury, and zinc by atomic absorption spectroscopy. Most
samples were routinely scanned for radiocactivity with a scintillation
countér in the field. Because of ‘Rumerous scintillation cogn;er
failures‘and the un;formly low readings, 65 samples were
analysed for uranium by wet-chemical methods. The sensitivity for each
element using the various techniques is included in the appropriate
figures.

The accuracy and precision of the sampling-sample preparation-
analysis process are difficult to determine. The accuracy, if not
precision, of atomic absorption spectroscopy and wet-chemical analysis
is such that errors are generally inconsequential compared with the
problem of obtaining chemically homogeneous replicate samples at one
sample site. The semiquantitative spectrographic analyses are subject
to more variability. The values are presented by giving the nearest
midpoint in a six-step series that uses 1, 1.5, 2, 3, 5, 7, 10.....
as the midpoints of the intervals. In a comprehensive study of the
precision of the spectrographic method, Motooka and Grimes (1976) showed
deviations in replicate analyses of up to two intervals away from the
preferred value. In a study of stream-sedimgnt samples collected in

the Tracy Arm area, Johnson and others (1977) reported 95 percent of
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the spectrographic analyses were within 1.5 to 3.5 intervals of the true
value depending on the element. Samples that were rerun during the
course of this study occasionally deviated more than one interval from
the previous value, but the majority remained within one interval upon
reanalysis.

Metal values are reported in parts per million (ppm) throughout
this report, except for spectrographic analyses of Fe, Mg, Ca, and Ti,
which are reported_in precent. Where especially high values are dis-
cussed in the text, the values in ppm may be followed with percent in
parenthese (%). For convenience, table B-3 provides conversion between

ppm, percent, and ounces per tan.
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TABLE B-3 NEAR HERE

Nearly 4,000 samples collected by Geological Survey parties were
processed and analysed: 1895 stream-sediment samples and 1873 bedrock
samples. In addition 65 of these samples were analysed for uranium.
All Survey sample locations in the Mgﬁument are shown on plate 2, but
because of the large amount of data only samples which are anomalous
in one or more elements are identified on the plate and listed
specifically in this publication. The analytical results for these
samples and the descriptive data were stored on o “ the
Geological Survey, Denver, Colorado, Honeywell Multics computer installa-
tion using the RASS 1I programs. Complete analytical results for all

geochemical samples are available through National Technical Information

Service (Forn and others, 1978).
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Statistical Treatment of Data

The manipulation and synthesis of the geochemical information and
the interpretation of geochemical distribution patterns depend on
statistical analyses of the data. These aﬁalyses define anomalous
values which may be related to mepallic”m;ngré; occurrences. Because
of the large volume of data, most statistical manipulations were per-
formed on a computer using the RASS II and STATPAC-series programs.

The primary tool used to determine threshold levels of anomalous
values for each element is a histogram of frequency of occurrénce versus
analytical value (for example, see fig. B- 7). Since geochemical distri-
butions commonly approximate a log-normal distribution, a log trans-
formation was performed on all analytical values prior to plotting the
histograms. The log transformation allows the portion of the histogram
which is above the detection limit for each element to be treated as an
approximation to a portion of a normal distribution curve. A complete
set of histograms was produced for all stream-sediment samples and for
all samples in each bedrock geochemical unit.

Stream Sediments

Because the stream-sediment samples are derived from different rock
types and because of site variability and other factors, a single thres-
hold wvalue was not used for some elements. Instead, two threshold levels
were used: anomalous and distinctly anomalous. Anomalous values are those
either in the upper five percent of the values reported or those with some-

what higher than normal geochemical abundance values following Levinson (1974).
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As single samples they may represent only variability due to sampling

or analytical techniques. Anomalous values are considered significant
only if they occur in clusters. Distinctly anomalous are those in the
upper two percent of the values reported for the element and so far
above the normal geochemical abundance values that they suggest mineral-
ization. The histograms were inspected for natural breaks (bimodal
distributions) and for "tailing out" to the highest values and anomalous
levels adjusted as necessary. This process was intended to avoid either
1) selecting the high end of a statistically normal population from
essentially nonmineralized samples or i) selecting too high a thres-
hold level from a heavily mineralized area. The anomalous levels used
for stream-sediment samples are given in table B-4; figure B- 7 shows

the hist&grams used to select these levels for the elements of interest.

The locations of anomalous stream-sediment

TABLES B-4 AND B-5 AND FIGURE B-~7 NEAR HERE

samples are plotted and identified by sample number on plate 2..

Table B-5 contains the analytical data for the 331 stream=-sediment site
means which meet or exceed the threshold levels in one or more elements.
Elements not shown in tables B-4 and B-5 were not included in the
geochemical interpretatioﬁ because they were either not pertinent to the
economic potential of the area or because of the lack of values above
the instrumental detection limits. Plots of all the analytical data

for each individual element are available in Johnson (1978).



Table B-4. Anomalous levels for selected metals in stream sediments

as used on plate 2 and figure B-7

‘Element Andomalous at: Distinctly anomalous at:
(ppm) \ (ppm)
Ag 0.5 ‘w2
As 200 N2
Be 1.5 N2
Co 70 N2
Cr 300 1,000
Cu 150 200
Mo 7 20
Ni 150 N2
Pb 50 100
Sn 10 N2
Zn 200 300
Aul 0.0S N2
Cul 150 N2
Hgl. 0.25 N
Pbl 30 70
an 150 300

lAnalyses by atomic absorption, all others by semiquantitative
spectrographic method.

2No distinctly anomalous level selected for this element.
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Figure B-7.--Histograms of the distribution of selected metals in stream-
sediment samples. Analyses by semiquantitative spectrographic methods
except as noted. Values to the right of the vertical dashed line are
anomalous as defined in this report (see table B-4). Samples plotted as
"B" were below the limit of detection.

1Analyses by atomic absorption. a6
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