DEPARTMENT OF THE INTERIOR
Ray Lyman Wilbur, Secretary

U. S. GEOLOGICAL SURVEY
George Otis Smith, Director

Bul. ~tin 800

GEOLOGY AND MINERAL DEPOSITS
OF SOUTHEASTERN ALASKA

BY

A. F. BUDDINGTON

AND

THEODORE CHAPIN

o o ve ceey
TCe o0l % ¢ ' s o0 o0
2l o, f o0 o o0
® %o g0 b Ve 000
*® s a0 %" *® 26 v0 eos
v e LA X} e®ecC PO °..ﬁ oge .
@ ees et 0o 9 30 %0 0 0
o 0000 b s do o s, & en
Qo 8 ety e % o e .. L} *
76 ® ea 8 O0s0 00 e 0 o

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON : 1929



ADDITIONAL COPIES
OF THIS PUBLICATION MAY BE PROCURED FROM

THE SUPERINTENDENT OF DOCUMENTS

U. 8. GOVERNMENT PRINTING OFFICE

WASHINGTON, D. C.

AT
85 CENTS PER COPY (Paper covers

.\4.




-

s ¥y

CONTENTS

Introduction .o i ccccmmc————n
Scope of TePOTt o - oo cccemcmmmccccmmaen
Nature of the field work._ . - oo
Responsibility of authorship_ - - - ea- L _
Acknowledgments. - - .o mecccean
Earlier explorations and surveys, by Theodore Chapin___..._.___.__
Notes on history of mining development- ... o ... ..

GeOgIADNY - - e e e e mm
Location and extent. __ L ale--
Population and settlements___ ____ L _ ..
Transportation. .- o ca e
Climabe - - - o o oo e mc—e e
Vegetation and timber supply, by Theodore Chapin. ..o _.
Agrieultural land.. . eaaoooo.
Water POWET o o e

Outline of Be0lOgY o o o o oo cmmecccacann
Main structural features. . .- . _____. e cccc——-
Bedrock geology - - oo v oo e oo eeccecccmcceene
Physiographie history_ ...

Topography - - - ool seqrpmmm -
General features. ..o ooooooooooooolol DlLEEie oL
Pleistocene glaciation. - oo oo .

Height of the ice surface_ - oo ...

Direction of oW. - - oo o o aa e

Cirques. ..o L Ay
Modern glaciers. . oo cccmamoc e ccccccccccceacac———aa
Marine erosion. - o oo mcememem e
Sea-cut benches and platforms. . ..o oo
Karst topography - . . e emceaeo
Relation of topography to structure_._.__ .. __.....__

T he TOCKS oo o e e e e ccacccccccmccccamcccccaceccccmmcccac———
Stratigraphic column, by Theodore Chapin and A. F. Buddington. ..
General lithOlogY . v o ool e e

Voleanic roeks_ - e

Graywacke. - oo oo e eececmcmcc—mcca———a-

Sandstone. - e

Limestone.. - - e emmcce—————— e

Conglomerate. ... - e cccmcccmeeo-

Intraformational conglomerate .- . ________

‘] VN ‘{; N x'/( D
O



v CONTENTS

The rocks—Continued. Page
Wales group, by Theodore Chapin and A. F. Buddington_.____._. 45
Wrangell-Revillagigedo belt of metamorphic rocks . ___________ 49

Character and distribution_..__ . _______ 49
Ketchikan distriet. . . e 52
Vicinity of Wrangell Island.. .. . 57
Le Conte Bay. il 59
Thomas Bay. . e 60
Port Houghton_ _________________ ... 66
Hobart and Windham Bays. oo oo 68
Holkham Bay and Tracy Arm__ _ _ . . 68
Juneau distriet. - - .. 70

Schistose greenstone and phyllite between Port Houghton and
JUDEAU - - oo e mmce e 71
Age e 73
Ordovician roeks. - oo e ecemmecmcemee 74
Prince of Wales and neighboring islands. . . ... ____________ 74
Character and occurrence . - - - .o oo eemeoeeeos 74
Fossils. o oo e 75
Kuiu Island. oo 77
Silurian rocks_ . e 79
Distribution. . o o eemas 79
Lower Silurian slate and graywacke_ .. ... 81
Voleanic rocks and conglomerate._ . __ . ____________ 82
Limestone and conglomerate. - _ . oeaa 83
Shale . . e 88
Sandstone and graywacke. . 88
DiKeS - o e 90
Age and correlation_ . _ L ___ 90
Devonian rocKs. - - o e 94
Distribution and charaeter-_ - . _________ 94
Middle Devonian rocks. - - oo . 94
Southern Ketchikan district, by Theodore Chapin.___._.. 94
Northern Ketchikan distriet._ ... ____________.__ 101

Middle (?) and Upper Devonian rocks of northern part of
Kupreanof Island__ - ... 106

Upper Devonian rocks of other parts of southeastern Alaska,
by Theodore Chapin_ _ - - -l _.a... 107
Carboniferous rocks. . - - . e 109
Distribution and character. . _____ . _____._. 109
Mississippian rocks._ . . _ . oo oo mmmmmm——— 110
Distribution and c¢haracter. .. ______________ 110
: Age and correlation_ .. _______.____.____ e emaan 110
Pennsylvanian (?) rocks, by Theodore Chapm ________________ 117
Permian rocks. .o o eeieeeaoeo 118
Character and oceurrence._ .. __ . oo _o_o.________ 118
Age and correlation . - _ o - el la-. 121
Lower division of the Permian_____________ mmemmm——aa 122
Upper division of the Permian____________________._____ 127
Triassic rocks (Upper Triassic) - - - o oo 130
Distribution._-----_-_-___----‘-___-_-f--_-__---_-_ ........ 130
Character and stratigraphic relations_ ... ______-_____________ 131
Gravina and Revillagigedo Islands, by Theodore Chapin....___ 132

Sereen Islands. - e emccecccccccaaa- 134



Ve

- ¥

CONTENTS

The rocks—Continued.

Triassic rocks (Upper Triassic)—Continued.
Keku Strait. .o e mmeeememmmen
Admiralty Island . _ . .. ooas
Volcanic rocks with Pseudomonotis-bearing beds_...__ . .....__
Voleanic rocks of Kuiu and Hound Islands..._________________
Age and correlation, by Theodore Chapin___ .. ____________
Jurassic (?) roCKS - - v oo e e
Distribution and character_ - ..o
Sedimentary division
Juneau distriet_ . . aoooos
Seymour Canal-Fanshaw-Kupreanof area.........._._____.
Kupreanof-Mitkof-Etolin Islands area. . .o oo occeuoo_
Chichagof Island_ ..o e cccmcmmmme—caa
Felsite voleanie roeks. - - - oo

Distribution_ . __ e
Ketchikan district, by Theodore Chapin_ .. ___.__.._____

Age and correlation. . . _____ ...
Upper Jurassic or Lower Cretaceous intrusive rocks. - - oo -eoaoooo--
General character. - . ..ot cem————————
Border zone east of the Coast Range batholith.______..__.____
Coast Range batholith. . __ . . oo
Wrangell-Revillagigedo belt of metamorphic rocks. ... o..._.
Prince of Wales-Chichagof belt_ .. .. .
~Kuiu-Heceta belt . . _ o eeeemeaao-
Dall-Baranof belt_ _ . oo oo
Rock types......_ e e cm e m e
Ultrabasic group. - - - oo oo e
General features. - .o cemoececccccecccccccce—a—a

Dunite. . e mcemecmmame——————en

Pyroxenite . o oo cccccccacecacaa
Hornblendite - - oo e ceecccecaceaaaa
Gabbro- - o e —————————

Diorite. oo e e meceeecamecmcemema—a—n—-
Monzodiorite_ - e mmm———————n
Syenite. - o e e cemm——m—m———ma
Quartz diorite_ _ _ . e cmmmmm—————
Granodiorite_ . e cecmcme—maaaa
Quartz Monzonite . - -« - e e mmmm—————a
Granite. o e ccemeemmeeean
Pegmatite and aplite- - ___ ..
Malchite dikes....---._.___ e mm—mmm—mmmm—m e
Lamprophyre dikes.. - - - oo e cceececccmammameee
Structure of the intrusive rocks_ - .o oooooooooo .
Origin of variations in intrusive rocks... - oo oo ____
Differentiation in place._ - - oo cecccceccaaooos
Successive intrusions. - . - .o aao__



CONTENTS

The rocks—Continued.

Upper Jurassic or Lower Cretaceous intrusive rocks—Continued.
Origin of variations in intrusive rocks—Continued.
Summary of relations of variants__ .o o cmeoaoaa
Field relations. o o cm v ooo o emc e
Order of crystallization. . oo ool
Rate of cooling and mineralizers.. . .o oo __._.
Ultrabasic r0CKS - o m oo oo ool

Gravina Island, by Theodore Chapin. .. _______
Rocky Bay, Etolin Island . ..o cemmemeccccceae
Point Hamilton and vieinity - - - oo o oL
Pybus Bay. oo
Age and correlation. _ _ oo
Tertiary roeks . v e cmmmmmcm——m——————
Eocene rocks .- __ .
Distribution and character_ ... ___________

Basal conglomerate and sandstone.. . ... .___.__
Conglomerate of lava cobbles and rhyolitic flows, breccia,

Dacite porphyry e emeeemceceaacana-
Olivine gabbro. _ _ _ _ e ememeee
Analcite gabbro. . .. eoeno
Granite POTPhyry . - e m i —————
Quaternary roeks . - o oo e mmmam——aem
Glacial deposits . e . oo e eemcmmm————————na
Marine deposits and terraces_ - . o ___._.__
Basalt and tuff . - _ o e emcm—mmmmmaa
Delta and current deposits. - - oo oo _l_.
Relations between formations. - - oo oo oo
Wales group (Ordovician, Silurian, and Devonian) . _._...__.__
Middle and Upper Devonian, by Theodore Chapin_________.__
Devonian and Carboniferous. . . - ..o ieceeaas
Paleozoic and Upper Triassic. _ e cemmeeae
Unconformity within the Upper Triassic_ - oo ocooooooooooo_
Jurassic (?), Lower Cretaceous (?), and older formations____.__
Upper Jurassic or Lower Cretaceous intrusive rocks and Mesozoic
OTOLENY - - e e e e
Tertiary and older formations. - .. oo eaeaoao
QUALEINATY - - - e e o e e e e e ————
SUMMATY - o e e e



CONTENTS VI

Page
Structure. _ - e —————————— 289
General features. - - - oo e m e m—————— 289
Jurassic (?) rocks of the Hyder district. - oo cccceeeeeeeeeem 292
Coast Range batholith and Wrangell-Revillagigedo belt of meta-
MOTPhic FOCKS - o o oo oo e e e e cccccccmem—c————— 292
Juneau synclinorium. - oo e c——————— 298
Duncan anticlinorium. - - o o ecememamaaa- 299
Keku-Gravina synclinorium. . ___ L __._-C 300
Gravina synclinorium, by Theodore Chapin. - o oo ovoaoaoooo 300
Rocky Bay area, Etolin Island. .. . o oo ooaa 302
Keku synelinorium. . . e m 302
Frederick Sound axis of eross folding - - - o oo oo e 303
Prince of Wales-Kuiu anticlinorium. . .. oo oo .. 304
General features . - oo oo oo cccccecccccceccaaae- 304
Kuiu anticlinorium .. s 307
North coast of Prince of Wales Island. oo o0 307
Shakan Bay syneline. - ..o accccnaeaae- 308
Kosciusko-Tuxekan-Heceta synelinorium._. . .. ____ 308
Maurelle Islands_ - oo cmermemm———em 309
San Fernando anticlinorium. ... oo eeececaaoa 310
Kashevarof anticlinorium._ _ .. _____ 310
Vicinity of San Alberto and Bueareli Bays_ - - - _..___ 311
Southern half of Prince of Wales Island and adjacent islands,
by Theodore Chapin. . v cccccccccccccecaceeaa 311
Dolomi-Sulzer anticlinorium, by Theodore Chapin. _ .. _....... 314
Dall anticlinorium - - - o o v oo cccecceccecccccce—ae- 314
Chichagof-Glacier Bay anticlinorium. - - oo oooooooanos 315
Freshwater Bay syncline. - . oo icaemccccaaea 315
Sitka Mesozoic belt- - o o e ccccma———- 315
Mineral deposits. - - - oo oo oo emceccemecmaccca—ec————- 316
Types of deposit___.__.___ e cmmmmmmemmemmmem—mememeeeea—————— 316
Metalliferous deposits- - . - oo s ceccccceccccccceceme——ceane 320
Ores and associated minerals. . . - v oo ccccecmcaana 320
GOld - e e e e acemccmceccememee———————— 320
COPPer - e e e e mm e 322
6 o3 325
Silver and lead - - o oo oo eecee e n—e—————— 327
ZiNC - o e e e e m e ————————————————— 328
Nickel. o e ceccecccaccccmecacccaca———————— 329
Molybdenum. _ _ .o ccccccccceccccee——- - 329
Tungsten. oo ccccmcccccccccme——a———- 330
AntimOnY o v o e ccccmccccem———————— 331
Titanium . o - e cccecmemcc———————— 331
ATBENIC. - e e e m—m— e e ———————— 331
‘ Bismuth - - o mccceceeccccmmcmccma———— 332
GYPSUIM . - oo ceccc e ccmcccmccmmcacc—————— 332
Garnet. oo e ecccccmcccemccm———— 332
Barite. oo eccccccmcecccaccm—c—a—a- 333
Graphite._ - .o d e ccccecemcccccmccccce—a—- 333
MiCa o o e e e e ———————— 334
Sillimanite, cyanite, and andalusite.- - - - - oo onns e-- 33b
QUATtZ - - e mmce——————————— 335



Vi CONTENTS

Mineral deposits—Continued.
Metalliferous deposits—Continued.

Ores and associated minerals—Continued. Page
Epidote. - - - o e 336
PyroXene _ - o oo mmmcce—m—mmmmmmm—emm e 336
Amphibole . - e emcmmmem 337
Albite . - e 337
Chlorite._ - . o e —— e —em————— 337
Apatite. o e e ecmcecacmmmcm—————— 337
Tourmaline _ . - - - - e e e—————— 338

Lithologic and stratigraphic association of ore deposits_-______ 338
Wales group, by Theodore Chapin___ . _.__.____. 338
Wrangell-Revillagigedo belt of metamorphic rocks_.___.___ 339
Ordovician and Silurian graywacke and slate. .- __._______ 340
Silurian greenstone and limestone___ .. oooao__ 340
Middle Devonian rocks, by Theodore Chapin_____.___.____ 341
Upper Devonian rocks, by Theodore Chapin. ... ..ooo_.__ 341
Mississippian rocks, by Theodore Chapin________________ 341
Permian rocks, by Theodore Chapin___ . _.___ . . ...___ 342
Triassie rocks, by Theodore Chapin. - - oo meeean 342
Jurassic (?) greenstone and slate_ __ ... _ 342
Jurassic (?) graywacke and slate____________ e ecmmem——— 343
Upper Jurassic or Lower Cretaceous intrusive rocks. ... 344

Gold . - o e 345
Gold-silver-lead. _ . e e ccmccm—————— 347
Molybdenum. -« . o mmee e ccmm—aa 347
Nickel-COpPer. . e e eeeemmmam 348
Copper and copper-palladium..__ . _______ 351
Tron_ . e e ———— 351
Chromium . - - e mcm———- 353
Lower Cretaceous (?) rocks. . -« moeccceeccececaeeem 353
Tertiary rocks . oo e eccmcmc—m—————————— 353
Quaternary deposits. _ .. eeocaaas 364

Belts of mineralization_ . ___ e 356
Eastern border belt__ _ __ _ e 357
Central Coast Range batholith____ ..o oecaacaas 358
Western belt of schist and gneiss._ - - _________ 360

ZANC. o e e e —mm———m——————————— 361
Silver-lead . . - e c—m————————— 362
Gold . - e m————————————— 362
Graphite. - . e mmcmc e 363
GAINEb_ oo e e — e —memmmmmem 363
Juneau gold belt . __ e mcmeeea 364
Funter Bay-Hawk Inlet belt oo meeccaceacacamaes 366
Prince of Wales belt______ i cmcacaoaos 366
L070)3 o3 SIS 368
Gold - - e oo e mm——cm—————a 370
Chichagof gold belt. oo cecccccccmcacecccm——an 371
Sitka belt . _ e cmmmmmmmmm——cm—————a 373

Genetic relations of the metalliferous deposits. oo cccuceao 373
Character of country rock. - - o oo cceemmeeaem 374

o Type of associated igneous rock and type or stage of mag-

matic differentiation. . _ . oo 375

Mode of occurrence of ignNEOUS MASS . o - oo oooccemmmmo 382



ILLUSTRATIONS X

Mineral deposits—Continued.
Metalliferous deposits—Continued.

Genetic relations of the metalliferous deposits—Continued. Page
Temperature and pressure. . - - . ececeaea 383
Hydrothermal alterations in the igneous roeks. . ....._._.. 386
Conelusions. - - - e 389

Limestone._ . . o e —————— 390

Building and ornamental stone___ .- . eemaennn 393

TudeR. . oo oo e 395
ILLUSTRATIONS

Page

Prars 1. Geologic map of a part of southeastern Alaska.......... In pocket.

2. Generalized geologic map of southeastern Alagka.._..._._ In pocket.

3. Coast Range topography, Hyder district: 4, View near lower
part of Chickamin Glacier; B, View near head of Chickamin

Glacier. - oo cc e cmm—————————— 22
4. Mountains of Prince of Wales Island: A, Panorama from head
of Klakas Inlet; B, Panorama from head of Twelvemile Arm_ 22

5. A, Cirque occupied by glacier 734 miles N. 70° W. of Whiting

Point, Port Snettisham; B, Cirque occupied by lake, Kane
Peak, Kupreanof Island. .- oo .. 22

6. A, Rock ridge forming front edge.or lip of cirque occupied by

lake at head of Cann Creek, Lisianski Inlet, Chichagof Island;

B, Ridge between the heads of two cirques, Kane Peak,
Kupreanof Island._. - o_. 22

7. A, Glacial lake in valley of Cascade Creek in Coast Range near

Thomas Bay; B, Glaciated surface of quartz diorite showing
roches moutonnées, Thomas Bay_ ..o ... 22

8. A, Rounded top of mountain below level of Pleistocene glacia-

tion, Tracy Arm, Holkham Bay; B, Serrate peak of moun-

tain above level of Pleistocene glaciation, near head of
Chickamin Glacier, Hyder district. . oo ococeeeeoas 22

9. A, Tracy Arm, a fiord in southeastern Alaska; B, Glacier-
faceted headlands along fiord on east side of Baker Island.. 30

10. A, U-shaped glaciated valley with recent gorge in the bottom,

Bergs Creek, Wrangell district; B, Pass at head of Goat

Creek, Hyder district. . o oo e e 30
11. A, Baird Glacier and outwash plain, Thomas Bay; B, Trees
overthrown by advance of Baird Glacier in 1923___________ 30

12. A, Icebergs from Baird Glacier buried in outwash plain; B,
Pit lake being formed in outwash plain of Baird Glacier by

melting of iceberg e iaaaaaoa. 30
13. A, Dawes Glacier, Endicott Arm; B, North Dawes Glacier, at
the head of Endicott Arm_ ___ . _______________________.. 30

14. A, Remnants of three uplifted wave-cut terraces in lime-
stone, Keku Islets; B, Elevated wave-cut bench in limestone,
Cornwallis Peninsula, Kuiu Island._ .. ... 30
15. A, Coastal plain along southwest coast of Annette Island; B,
Elevated wave-cut bench opposite Dolomi, Prince of Wales
Island - - - e 38



X : ILLUSTRATIONS

PraTE 16. A, Closely folded limestone of the Wales group, Dall Island;
B, Greenstone schist of the Wales group, Port Johnson,

Price of Wales Island . . ...

17. A, Mount Calder, Prince of Wales Island; B, Silurian con-
glomerate, Kuiu Island_________________________________

18. A, Massive white Silurian (?) limestone, Dall Island; B, Flow
breccia of Middle Devonian age, Hessa Peninsula, Prince

of Wales Island. ..o ceom oo oo

19. A, Black chert of Mississippian age, Madre de Dios Island;
B, Fossiliferous massive white limestone of Pennsylvanian

age, Soda Bay, Prince of Wales Island_.__________________

20. A, Permian limestone bluffs on northeast side of Saginaw Bay,
Kuiu Island; B, Overturned fold in graywacke and phyllite,

east side of Frederick Sound. . . _._._.__.

21. Silicified stump and trunk of tree of Eocene age, Kuiu Island,
4 miles east-southeast of Point Camden_ _________________

22. Structure sections in southeastern Alaska...__ . ____________
Figure 1. Diagrammatic structure section of Silurian and adjacent rocks
on east coast of Dall Island_ . _____________________.._.

2. Structure section on Clover Bay, Prince of Wales Island_._..
3. Diagram showing relative amounts of different metals deposited
in lodes at six different positions on their parent batholiths. .

Page

38

86

86

118

118

262
204

283
313

383



GEOLOGY AND MINERAL DEPOSITS OF SOUTH-
EASTERN ALASKA

By A. F. BubbiNeron and Treopore CHAPIN

INTRODUCTION

SCOPE OF REPORT

The object of the present report is to give a summary of all avail-
able data on the general geology of southeastern Alaska. The
report is accompanied by a reconnaissance geologic map of the south-
ern and eastern part of southeastern Alaska, which is the only part
of that area so far covered in sufficient detail to warrant the publica-
tion of such a map. This report is not and can not be a comprehen-
sive treatise on the geology and mineral deposits of this extensive
area of Alaska, as the information now available is utterly inade-
quate for such a treatise.

Practically all the geologic work so far carried on in southeastern
Alaska has been of a reconnaissance nature, and because of the small
number of workers, the great area to be covered, and the dense
undergrowth which clothes the mountains up to timber line and
practically buries the bedrock except along very steep slopes, this
reconnaissance has been confined chiefly to the coast. The strip
along the coast has been mapped geologically by making landings at
intervals averaging about half a mile. On the mainland certainly
not more than 10 per cent of the Coast Range batholith in south-
eastern Alaska and the adjoining territory of British Columbia
can be said to have been sampled in even the roughest reconnaissance
fashion; that is, by. the study of one hand specimen and one thin
section for each 16 square miles of intrusive rock. About 125 batho-
liths and stocks are shown on the map, and there are many more
stocks and sheets too small to be shown; yet only four of these have
been studied in more than a superficial manner, many are known
only by one or two thin sections, and many have not been studied
at all. :

A few areas in southeastern Alaska have been mapped in detail.
These include the Kasaan Peninsula, 86 square miles, and the Cop-

1



2 GEOLOGY AND MINERAL DEPOSITS, SOUTHEASTERN ALASKA

per Mountain region, 45 square miles, on Prince of Wales Island;
200 square miles in the Eagle River region; 50 square miles in the
Berners Bay region; 103 square miles in the Juneau area, of which
35 miles was subsequently resurveyed on an even more detailed
scale; and 130 square miles in the Hyder district.

The strip of southeastern Alaska north of Cross Sound and the
geology of Chichagof and Baranof Islands are referred to only briefly
in this report.

A section containing many details concerning the intrusive rocks of
the Coast Range is included because of their possible bearing on the
origin and distribution of mineral deposits.

NATURE OF THE FIELD WORK

The field work done by both authors was conducted from a motor
boat of sufficient size to serve for living quarters. The outcrops
available for examination consisted of the wave-eroded rock beach,
which is more or less continuous around the coast except at the heads
of bays and inlets, where the rocks are usually concealed, and the
ridges above timber line that were more or less free from moss
covering. The examination of the rocks along the shore line was
made from a rowboat fitted with an outboard motor. In some places
it was possible to traverse the shore on foot for some distance, in
other places this was impracticable, and in yet other places it was
impossible even to land except in favorable weather.

The United States Coast and Geodetic Survey charts were used as
a base for the geology. Actual examination of the geologic forma-
tions was confined almost exclusively to the coast line, though in
the Ketchikan district Chapin made a few trips inland.

In the years 1915 to 1917, in a total of 914 months’ field work,
Chapin completed an areal geologic map of the Ketchikan district
south of latitude 55° 40’ and an investigation of its mineral deposits.
His map and completed report on this area, though unpublished, were
available to Buddington when he began work in southeastern Alaska.
In the years 1921 to 1925 Buddington spent a total of 13 months in
reconnaissance areal geologic mapping of the coast of the northern
half of the Ketchikan district, the Wrangell and Petersburg districts,
and the southern half of the Juneau district. In addition, he in-
vestigated mineral deposits at numerous places throughout southeast-
ern Alaska, mapped the west coast of Dall, Suemez, and Baker
Islands, and covered in considerable detail the northern part of the
Hyder district.

RESPONSIBILITY OF AUTHORSHIP

In 1918 Chapin resigned from the United States Geological Survey,
and it devolved upon Buddington to write the present report, which
includes the results of his own work and most of the general geology
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of Chapin’s report. It has therefore been difficult to accredit re-
sponsibility for the statements and descriptions in the chapter on
stratigraphy and yet maintain a coherent account for the reader.
The stratigraphy that had been worked out by Chapin in the south-
ern part of the Ketchikan district before Buddington entered the
field has been found applicable, in the main, to the region farther
north and has only been amplified and slightly modified by Budding-
ton. Wherever possible, appropriate sections have been taken bodily
from Chapin’s report and credited to him. Where Chapin is cited
as authority for certain statements or descriptions, without any
specific reference, the source is Chapin’s original report. Except
where material in this report is credited to Chapin or others, Bud-
dington is responsible for the statements or descriptions. But it
will be readily understood that Buddington’s views must necessarily
have been influenced to a considerable extent by Chapin’s work, and
that he is thus indebted to Chapin even where the obligation is not
specifically acknowledged. There has been no opportunity for con-
ferences between Chapin and Buddington on the report here pre-
sented.
ACKNOWLEDGMENTS

In addition to his use of Chapin’s material, the writer had access
to the following unpublished reports and maps: The geology and
mineral resources of the area east of Behm Canal, by Lewis G.
Westgate; A geologic reconnaissance of the Glacier and Lituya
Bay regions, by F. E. and C. W, Wright; A geologic map of Glacier
Bay, by J. B. Mertie, jr.; and Geology of the vicinity of Juneau, by
A. C.Spencer and H. M. Eakin. Specific acknowledgment of matter
obtained from these reports is made at the appropriate places in the
text. The writer has ¢onsulted also the many reports and articles by
other geologists who have written upon different areas and mineral
prospects or mines in southeastern Alaska and is indebted to them
for much pertinent material.

Both authors are indebted to Mr. A. H. Brooks for the benefit of
his broad knowledge of the geology of Alaska. In 1916 Mr. Brooks
was in the field with Chapin for a conference and field examination
of critical localities, and in 1924 he accompanied Buddington for
three weeks in an investigation of mineral deposits in the Juneau and
Sitka districts. The authors are indebted also to Messrs. W. H.
Dall, Edwin Kirk, G. H. Girty, Arthur Hollick, T. W. Stanton,
J. B. Reeside, jr., and Rudolf Ruedemann for determination of
fossils.

Mr., Walter Waters, of Wrangell, served very ably and satisfac-
torily as navigator for both Chapin and Buddington through seven
field seasons. In the field the authors were the recipients of favors
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from many operators and prospectors, whose assistance they grate-
fully acknowledge. Buddington is indebted to those who served as
his assistants—Messrs. Ben Larson, of Ketchikan, in 1921, George A.
Wiggan in 1922 and part of 1923, Chauncey Deming in 1923, and
Willard B. Jewell in 1924 and 1925, all of whom rendered con-
sistently efficient service in furthering the work.

Buddington had the use of 2,500 thin sections of rocks collected
from southeastern Alaska by F. E. and C. W. Wright, and rough
volumetric mineral analyses were made on about 50 of these rocks
by the Rosiwal method for this report. Particularly valuable was
a collection of sections made from specimens obtained by F. E.
Wright across the Coast Range batholith along Stikine River.

EARLIER EXPLORATIONS AND SURVEYS

By THEODORE CHAPIN

The geographic features of the coast of southeastern Alaska first
became known to the civilized world through the explorations of the
English navigators Cook and Vancouver and the Spaniards Pérez,
Quadra, and Arteaga. Capt. James Cook with his assistants made
extensive and accurate surveys of this coast in 1778, and after his
death George Vancouver, one of his midshipmen, continued the sur-
vey of the coast of southeastern Alaska in 1793 and 1794. The accu-
racy of Vancouver’s work is attested by the fact that some of his
charts made over a hundred years ago have hardly been changed by
the recent surveys made under modern conditions and improved
methods.

The influence of the Spaniards is suggested by the large proportion
of Spanish names retained in southeastern Alaska. The first of the
Spanish explorers was Pérez, who, in an expedition sent out from
Mexico, discovered Queen Charlotte Islands in 1774. Bodega y
Quadra explored the coast in 1775, and again in 1779 with Arteaga
he made explorations on the west coast of Prince of Wales Island.
Since the transfer of Alaska to the United States the Coast and Geo-
detic Survey has been engaged yearly in surveying the coast line and
publishing sailing charts and navigation aids.

Casual observations on the geology of southeastern Alaska appear
in the writings of some of the travelers who visited the region during
the Russian occupation. The most valuable of the early papers is
one by Dr. Constantin Grewingk, a Russian, who, although he never
visited Alaska, published in 1850 a paper * which contains many geo-
graphic and some geologic data concerning southeastern Alaska,

i Beitrag zur Kenntniss der orographischen und geognostischen Beschaffenheit der Nord-
west-Kiiste Amerikas mit den anliegenden Inseln: Russ. k. mineral. Gessel. St. Petersburg
Verh., 1848-49, 76-842, 1850.
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based largely on collections and data obtained by a Russian naval
officer.

The first knowledge of the geology of southeastern Alaska pub-
lished in English was obtained from a report made by William P.
Blake,? who in 1863 accompanied a Russian expedition sent to Stikine
River to establish the boundary between Russian and English
possessions.

In 1891 Reid ® described Muir Glacier in Glacier Bay, and Cushing ¢
made a geologic map of the vicinity. The Juneau gold belt was
briefly described by Garside.®

Among the geologic investigations touching southeastern Alaska
were those conducted by George M. Dawson,® of the Geological Sur-
vey of Canada; C. Willard Hayes,” William H. Dall® George F.
Becker,? and Alfred H. Brooks,® of the United States Geological
Survey; B. K. Emerson ** and Charles Palache,* of the Harriman
Alaska Expedition; and others, all of whom contributed valuable
information regarding the broader geologic features, the glaciers, and
the coal, mineralogy, and ore deposits.

A brief discussion of the Ketchikan district by Brewer!® was
published in 1901. '

In 1901 Brooks!* made a reconnaissance of the Ketchikan district
and outlined the main structural and stratigraphic features of south-
eastern Alaska. The correlations suggested and conclusions drawn
in this hasty reconnaissance of 60 days, made primarily to describe
the ore deposits, have proved substantially correct and have been but
slightly amended as the result of later, more detailed geologic work.

2 Blake, W. P., Notes upon the geography and geology of Russian America and the
Stikeen River: 40th Cong., 2d sess., H. Ex. Doc. 177, pt. 2, 1868.

3 Reid, H. F., Studies of Mulr Glacler, Alaska : Nat. Geog. Mag., vol. 4, pp. 21-55, 1892,

4 Cushing, H. P., Notes on the geology of the vicinity of Muir Glacler : Idem, pp. 56-74.

5 Garside, G. W., The mineral resources of southeast Alaska: Am. Inst. Min. Eng. Trans.,
vol. 20, pp. 815-823, 1893.

¢ Dawson, G. M., Report on an exploration in the Yukon district and adjacent northern
portion of British Columbia: Canada Geol. Survey Ann. Rept., new ser., vol. 3, pt. 1, pp.
1-277 B, 1888; Geological record of the Rocky Mountain region in Canada: Geol. Soc.
America Bull,, vol. 12, pp. 57-92, 1901.

7 Hayes, C. W., An expedition through the Yukon district: Nat. Geog. Mag., vol. 4, pp.
99-162, 1892,

8Dall, W. H., Coal and lignite of Alaska: U. S. Geol. Survey Seventeenth Ann. Rept.,
pt. 1, pp. 763-908, 1896.

® Becker, G. F., Gold flelds of southern Alaska: U. S. Geol. Survey Eighteenth Ann.
Rept., pt. 3, pp. 1-86, 1898, ’

10 Brooks, A. H., A reconnaissance from Pyramid Harbor to Eagle City, Alaska: U. S.
Geol. Survey Twenty-first Ann. Rept., pt. 2, pp. 374-876, 1900.

1 Bmerson, B. K., Notes on the stratigraphy of igneous rocks: Alaska, vol. 4, pp.
11-66, Harriman Alaska Expedition, 1904,

12 Palache, Charles, Notes on the minerals collected : Idem, pp. 92~96.

13 Brewer, W. T., The Ketchikan mining district: Eng. and Min, Jour., vol. 72, pp.
630-632, 1901.

14 Brooks, A. H., Preliminary report on the Ketchikan mining district, Alaska: U, 8.
Geol. Survey Prof. Paper 1, 1902.
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In 1903 A. C. Spencer,*? assisted by C. W. Wright, made a study ot
the ore deposits in the vicinity of Juneau, and Wright ** made a recon-
naissance of Admiralty Island and studied the placer deposits on
Porcupine Creek.

In 1904 and 1905 F. E. and C. W, Wright * made geologic inves-
tigations, including in their two seasons of work a reconnaissance of
the Ketchikan and Wrangell mining districts, structural studies of
the Coast Range, stratigraphic investigations on Admiralty, Kuiu,
Kupreanof, and Baranof Islands, and studies of the principal mining
districts of southeastern Alaska.

In 1906 a geologic reconnaissance survey was carried northwest-
ward from Lynn Canal to Lituya Bay by F. E. and C. W. Wright,*s
and C. W. Wright ** made further economic and stratigraphic studies.

In 1907 C. W. Wright? and Sidney Paige began the detailed
geologic mapping and study of the ore deposits of Kasaan Peninsula
and Copper Mountain, on Prince of Wales Island.

In 1908 C. W. Wright #* continued his annual reconnaissance of the
mining camps of southeastern Alaska and completed his stndy of
Kasaan Peninsula and Copper Mountain, the report on which is a
valuable contribution to our knowledge of the occurrence of the ore
deposits of the Ketchikan district, especially the character of the
contact deposits.

In 1906 and 1908 some investigations of mineral deposits were
carried out in the Sitka district, and in 1909 Adolph Knopf ** made
a reconnaissance survey. In 1909 Knopf # made a geologic survey
of the Berners Bay district, and in 1909 and 1910 he completed the
detailed geologic mapping of the Eagle River region.

15 Spencer, A. C., The Juneau gold belt, Alaska: U. 8, Geol. Survey Bull. 287, 1906.

18 Wright, C. W., A reconnaissance of Admiralty Island: U. 8. Geol. Survey Bull. 287,
pp. 138-154, 1906 ; The Porcupine placer district: U. 8. Geol. Survey Bull. 236, 1904.

17 Wright, F. B, and C. W., Economic developments in southeastern Alaska: U. 8. Geol.
Survey Bull. 259, pp. 47-68, 1905 ; Lode mining in southeastern Alaska: U. 8. Geol. Sur-
vey Bull. 284, pp. 30-54,-1906; The Ketcbikan and Wrangell mining districts, Alaska:
U. S. Geol. Survey Bull. 347, 1908. Wright, C. W., Nonmetallic deposits of southeastern
Alaska : U. 8. Geol. Survey Bull. 284, pp. 55-57, 1906.

18 Wright, F. E. and C. W., A geologic reconnaissance of the Glacier and Lituya Bay
regions (unpublished manuscript).

1 Wright, C. W., Lode mining in southeastern Alaska: U. 8. Geol. Survey Bull. 314,
pp. 47-72, 1907 ; Nonmetalliferous mineral resources of southeastern Alaska: Idem, pp.
73-81.

20 Wright, C. W., Lode mining in southeastern Alaska, 1907: U, 8. Geol. Survey Bull.
345, pp. 78-97, 1908. Wright, C. W., and Paige, Sidney, Copper deposits of Kasaan
Peninsula, Prince of Wales Island : Idem, pp. 98-115.

o Wright, C. W., Mining in southeastern Alaska: U. S. Geol. Survey Bull. 379, pp.
67-86, 1909 ; Geology and ore deposits of Copper Mountain and Kasaan Peninsula, Alaska :
U. S. Geol, Survey Prof. Paper 87, 1915.

22 Knopf, Adolph, The Sitka mining district, Alaska: U. 8. Geol. Survey Bull. 504, 1912,

28 Knopf, Adolph, Geology of the Berners Bay region, Alaska: U. S. Geol. Survey Bull.
446, 1911; The Eagle River region, southeastern Alaska: U. 8. Geol. Survey Bull. 502,
1912,

Y
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In 1909 and 1910 Knopf>?* incidental to other geologic work
in southeastern Alaska, made brief visits to the operating mines in
the Ketchikan district.

In 1912, after a lapse of one year, geologic work was resumed in
the Ketchikan district by E. F. Burchard, who made a study of the
marble deposits of the Ketchikan and Wrangell districts * and in the
following year extended his studies to the Juneaun, Skagway, and
Sitka districts.?® A complete report on the marble resources of
southeastern Alaska was published in 1920.27

In 1918 stratigraphic studies of the Ketchikan district were carried
on by Philip S. Smith.

In 1915 and 1916 Chapin continued the stratigraphic studies, and
in 1917 he spent five weeks in a reconnaissance of mineral deposits
in this district. The result of this work was Chapin’s report and
map of the Ketchikan district south of latitude 55° 40, previously
mentioned.

In 1915 Gerald A. Waring *® studied the mineral springs and hot
springs of Alaska, and his report included a chapter on those of
southeastern Alaska.

In 1917 R. M. Overbeck * prepared a geologic map and report on
the west coast of Chichagof Island and Peril Strait.

In 1920 L. G. Westgate studied the geology of the coast along
Behm Canal in the Ketchikan district and the geology and mineral
deposits of the east side of Salmon River in the Hyder district.

In 1916 and 1921 A. C. Spencer and H. M. Eakin made a detailed
study of the area in the vicinity of Juneau.

The reports by Westgate, Spencer, and Eakin have not yet been
published.

In 1919 J. B. Mertie, jr.,2** carried on a reconnaissance of the
geology and mineral resources of the Glacier Bay and Lynn Canal
regions and visited all the producing mines in the Juneau and Ketchi-
kan districts.

2% Knopf, Adolph, Mining In southeastern Alaska: U. S. Geol. Survey Bull, 442, pp.
139-143, 1910 ; Mining in soutbeastern Alaska: U. S. Geol. Survey Bull. 480, pp. 98-102,
1911,

2 Burchard, K. F., Marble resources of the Ketchikan and Wrangell districts: U. 8.
Geol. Survey Bull. 542, pp. 52-77, 1913.

26 Burchard, E. F., Marble resources of the Juneau, Skagway, and Sitka districts: U. 8.
Geol. Survey Bull. 592 pp. 95-107, 1914,

27 Burchard, E. F., Marble resources of southeastern Alaska: U, S. Geol. Survey Bull.
682, 1920.

38 Waring, G. A., Mineral springs of Alagka: U. S. Geol. Survey Water-Supply Paper
418, pp. 19-49, 1917,

» Overbeck, R. M., Geology and mineral resources of the west coast of Chichagof
Island : U. 8. Geol. Survey Bull. 692, pp. 91-136, 1919.

2 Mertie, J. B, jr., Lode mining in the Juneau and Ketchikan districts: U. 8. Geol.
Survey Bull. 714, pp. 105-128, 1920; Notes on the Salmon-Unuk River region: Idem,
pp. 129-142,

6137—290—2
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During the field seasons of 1921 to 1925 Buddington was engaged
in a reconnaissance survey somewhat more detailed than the older
surveys along the coast of the northern Ketchikan, Wrangell, Peters-
burg, and southern Juneau districts, together with a reconnaissance
of mineral deposits at numerous places throughout southeastern
Alaska.

In addition to the reports already cited, special reports on indi-
vidual mineral prospects and mining developments in southeastern
Alaska are contained in the following yearly reports on the mineral
resources of Alaska, by A. H. Brooks and others, published as
bulletins of the United States Geological Survey: 1912, Bulletin
542, pages 81-34; 1913, Bulletin 592, pages 75-117; 1914, Bulletin
622, pages 95-102; 1915, Bulletin 642, pages 53, 73-104; 1916, Bulletin.
662, pages 66-100; 1917, Bulletin 692, pages 85-89; 1918, Bulletin
712, pages 27-30, 53-90; 1919, Bulletin 714, pages 15-19, 69, 70, 76,
105-142; 1920, Bulletin 722, pages 34-38; 1921, Bulletin 739, pages
20-22, 51-75; 1922, Bulletin 755, pages 23-25; 1923, Bulletin 773,
pages 10-12, 71-139; 1924, Bulletin 783, pages 41-62; 1926, Bulletin
797, pages 8-11.

NOTES ON HISTORY OF MINING DEVELOPMENT

Most of the data for the following brief notes on the history of
mining development in Alaska are taken from Government reports
on the several districts.

The Russians were aware of the occurrence of gold in Alaska while
they owned the Territory, prior to 1867, but they did no mining.
The first mineral location in southeastern Alaska is reported * to
have been made in 1867 on a copper deposit near New Kasaan, on
Prince of Wales Island, by Charles Vincent Baranovich, a Russian
trader.

In 1869 Mix Sylva and other disappointed miners from the Cassiar
gold district, on the Canadian side of the international boundary,
traveled northward from Fort Wrangell and discovered placer
deposits at Windham Bay and on Powers Creek at Holkham Bay.s
It is reported that $40,000 was extracted from these placers in 1870-71
and that this represents the first considerable quantity of gold pro-
duced from Alaska. The first attempts at lode mining in Alaska
under the American régime were made in the vicinity of Sitka in

8 Ulmer, Joseph, Mining in the Ketchikan district : Min. and Sci. Press, vol. 121, p. 493,
1920.

3t 'Wright, C. W., in Spencer, A. C., The Juneau gold belt, Alagka: U. S. Geol. Survey
Bull, 287, p. 2, 1906.
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187122 By 1880 many auriferous ledges had been discovered in the
district around Silver Bay, but they have been little worked to the
present time, and none have been put on a productive basis. In 1880
placer gravel was found near the mouth of Gold Creek, Gastineau
Channel, and auriferous quartz veins were found on what is now the
property of the Alaska-Juneau Co. by Joe Juneau and Richard Har-
ris, who had been sent out from Sitka by N. A. Fuller on the strength
of a favorable report by John Muir relating to the mainland of south-
eastern Alaska. The first official record of the Treadwell property is
dated 1881, and most of the properties in the Juneau district which
proved of value were discovered between 1881 and 1885.

The beach gold placers east of Lituya Bay were found and worked
in the early nineties.

One of the first recorded events in the development of the gold lode
mining industry of the Ketchikan district is the discovery by James
Bowden of gold-bearing rock on Annette Island in 1892. In 1897
and 1898 came the discovery of the Gold Standard lode, on Helm
Bay; the deposits near Dolomi; the Sea Level lode, on Thorne Arm,
Revillagigedo Island; and the mineralized area back of Hollis on
Twelvemile Arm, Prince of Wales Island.

From 1896 to 1906 intensive prospecting was carried on throughout
southeastern Alaska, and many of the copper, gold, and marble
properties which have proved valuable were discovered. Placer gold
was first discovered in the Porcupine area of the Skagway district
in 1898; the total output from this area up to and including 1916 is
estimated at about $1,200,000. During 1900 and 1901 considerable
work was done on gold deposits on Woewodski Island, in the Wran-
gell district. The gold lodes on which the Chichagoff mine, in the
‘Sitka district, is still operating were found in 1905. In 1920 gold
veins were discovered on Lisianski Inlet, Chichagof Island, from
which the first gold was produced in 1924 by the Apex-El Nido Co.

Between 1897 and 1901 many copper and gold properties were
located in the Ketchikan district. Between 1899 and 1905 the miner-
alized belt east of Wrangell was discovered, systematic mining was
carried on, and smelting of copper was begun. Copper ore was pro-
duced in the Ketchikan district first in 1905, to the amount of
30,400 tons, with an average value of $10.79 a ton. The average
quantity of copper obtained from the ore was about 3 per cent. In
1906 there were 10 producing copper mines in the Ketchikan district;
in 1924 there were only 2. The total production from 1905 to 1920
is given below. ‘

® Knopf, Adolph, The $itka mining district, Alaska: U. 8. Geol. Survey Bull. 504, p. 8,
1912, M
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Production of copper mines in the Ketchikan district, 1905-1920

Quantity Value

Mixed ore e ctecememceeeemeeteeceae—meeeeeeeee————————— tons.. 850,787  |ccemcaacacaa
$6, 107, 202. 00
566, 802. 00
159, 000. 00
12,41

The first nickel-copper deposits were found in 1911 on an island
off the west coast of Chichagof Island. In 1921 and 1922 other
nickel-copper lodes were located on Yakobi Island, also on the west
coast of Baranof Island and on Funter Bay, Admiralty Island. No
ore has yet been shipped.

Metal-bearing lodes, chiefly of gold and silver, were found at the
head of Portland Canal in British Columbia in 1898, and similar
discoveries were made on the Alaskan side between 1898 and 1901.
They received little attention until 1909, when a small boom was
started on the Canadian side. This boom subsided in a few years,
but interest was again revived in 1917 by the discovery of rich silver
ores on the Canadian side. In 1918 large bodies of rich silver ore
were found at the Premier mine. In 1923 gold-silver-lead ores were
discovered on the West Fork of Texas Creek in the Hyder district,
and in 1925 the Riverside mine, in the Salmon River Valley north of
Hyder, produced gold-silver-lead ore.

A little marble was quarried in the early nineties on Ham Island,
in the Wrangell district, and worked up into tombstones, which were
sold at near-by localities. Marble tombstones were in considerable
demand by the natives, who substituted them for the crudely carved
wooden totems. The first shipments of marble from Alaska were
made in 1902 from quarries opened at Calder, on Prince of Wales
Island, and since 1904 there has been a steady increase in the output,
practically all of which has come from a few quarries in the vicinity
of Shakan, on Prince of Wales Island.

Gypsum has been produced since 1906 from the deposit on Chi-
chagof Island.

GEOGRAPHY
LOCATION AND EXTENT

Southeastern Alaska, which is often called the panhandle, extends
southeastward from Mount St. Elias on the north to Dixon Entrance
on the south and is bordered on the south, east, and north by British
Columbia. This coastal belt, with its contiguous islands, has an area
of nearly 40,000 square miles and is included between parallels 54° 30
and 60° 80’ and meridians 130° and 141°. It forms a strip 400 miles
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long and 100 to 150 miles wide, with a narrow extension northwest
of Mount Fairweather 100 miles long and 25 to 50 miles wide. More
than one-third of the land surface of southeastern Alaska is com-
prised in the 1,100 islands of the Alexander Archipelago. The sea-
ward islands, Chlchagof Baranof, and Kruzof, together with a few
smaller ones, have a total area of about 4,500 square miles. Prince
of Wales Island is the largest island, with an area of 2,800 square
miles. The other large islands are Admiralty, about 1,500 square
miles; Revillagigedo, 1,120 square miles; Kupreanof, 1,080 square
miles; and Kuiu, 750 square miles. There are many smaller islands,
such as Dall, 275 square miles; Etolin, 330 square miles; Mitkof, 200
square miles ; Zarembo, 180 square miles; Kosciusko, 160 square miles;
Annette, 133 square miles; and Gravina, 102 square miles.

The territory under consideration (see pl. 1) is covered by the
charts of the United States Coast and Geodetic Survey listed below,
each of which is published on a scale of 1:200,000, except Nos.
8152 and 8002, which are on smaller scales. No. 8002 covers all of
southeastern Alaska. Large-scale charts of most of the harbors and
channels can also be obtained.

8200. Frederick Sound and Sumner Strait.

8300. Lynn Canal and Stephens Passage. \
8102. Hecate Strait to BEtolin Island.

8152. Dixon Entrance to Chatham Strait.

8250. Chatham Strait and Baranof Island.

8002. Dixon Entrance to Cape St. Elias.

There ar® two national monuments in southeastern Alaska. The
Sitka National Monument comprises about 57 acres of great natural
beauty and historic interest. The Glacier Bay National Monument
comprises some 1,820 square miles and includes a number of tide-
water glaciers of the first rank in a setting of magnificent snow-
capped mountain ranges.

POPULATION AND SETTLEMENTS

The population of southeastern Alaska is mostly concentrated in
the mining and fishing centers. About 160 of the small islands are
now being utilized for fox ranches, and permanent caretakers live
on them.

Skagway is the northernmost town and is the terminus of the
White Pass Railway. Juneau is the capital of the Territory, the
distributing center for the north end of the panhandle region, and
the location of the Alaska-Juneau Mining Co. Douglas is opposite
Juneau, across the Gastineau Channel, and near it was the plant of
the Treadwell Mining Co. Sitka, on the west coast of Baranof
Island, was the first capital of Alaska and contains many points of
hlstorlc interest and valuable relics of the Russian occupation. The



12 GEOLOGY AND MINERAL DEPOSITS, SOUTHEASTERN ALASKA

agricultural experiment station is here, and the town is the general
supply point for the adjacent region. Wrangell and Petersburg
are the supply centers for the central part of the region, and Wrangell
is the outfitting station for expeditions up Stikine River. Ketchikan
is the distributing point for the southern-part of the region; it is
the first port of entry in southeastern Alaska. The population of the
principal towns, as given in the 1920 census, is as follows: Juneau,
3,058 ; Ketchikan, 2,458; Sitka, 1,175; Wrangell, 821; Petersburg, 879;
Skagway, 494.

There are several small native villages, including Klawak and
Hydaburg, on Prince of Wales Island, and Kake, on Kupreanof
Island. Craig is a small village on the west coast of Prince of Wales
Island. There are also scores of small settlements at or near can-
neries or mines, to which regular mail service is maintained and
where boat supplies, fuel, food, and clothing can be purchased.

TRANSPORTATION

Regular service is maintained by coastwise steamers all the year
round from Seattle and Vancouver to Skagway, Juneau, Sitka,
Wrangell, Petersburg, and Ketchikan. Freight rates are reasonable,
and costs compare favorably with those at Seattle. In the summer
season tourist boats leave Prince Rupert for the major ports of south-
eastern Alaska.

Boats run regularly from Ketchikan carrying mail, passengers,
and freight to settlements on the west coast of Prince of Wales
Island. Similar service is maintained from Juneau to Fanshaw Bay,
Windham Bay, Sumdum, Snettisham, and Taku; from Petersburg to
Kake; from Juneau to Auke Bay, Tee Harbor, Eagle Landing,
Comet, and Skagway; and from Juneau to Tenakee, Gypsum,
Hooniah, Chichagof, Cape Edward, and Sitka.

Four rivers of considerable size—the Alsek, Chilkat, Taku, and
Stikine—have their sources in the interior plateau and reach the sea
after traversing the Coast Range. During the open season regular
sailings are maintained on Stikine River by high-powered river
boats between Wrangell and Telegraph Creek, British Columbia, at
the head of navigation, a distance of about 170 miles. Chickamin
and Unuk Rivers can be ascended with difficulty in small boats to
points well within the heart of the Coast Range.

Transportation facilities on land are poorly developed. The
rugged nature of the land, with its many swampy areas and luxuriant
growth of vegetation, and the numerous deep fiords and channels
that cut into or separate the islands, preclude the extensive construc-
tion of railroads or even of wagon roads, except at unwarranted ex-
pense.- The need of railroad construction is in large part obviated,
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however, by the intricate system of waterways which penetrates the
entire region, providing excellent highways for deep-sea vessels and
numerous deep-water harbors in sheltered bays.

CLIMATE

The climate of southeastern Alaska is characterized by moderate
temperature the year round, including mild winters and cool sum-
mers, and by heavy precipitation, except at the head of Lynn
Canal and in an area bordering Frederick Sound, including the
north end of Kupreanof Island and the southwest end of Admiralty
JIsland. The ports are open to navigation the year round. Near
sea level the first frosts occur in September or October and the last
in May or June. The average length of the growing season is
about 180 days. The snowfall is slight except on the mountains and
the inland areas. Near sea level, except at the heads of the main-
land fiords, even in winter, the precipitation is mostly in the form
of rain, which is heaviest in the fall and winter. The heavy pre-
cipitation, although it is disagreeable and occasions considerable
inconvenience in travel and prospecting, is a very valuable asset in
providing water power.

The prevailing winds at most places are from the south and south-
east. At Sitka the winds are prevalently from the east, and in the
vicinity of Calder and Kake they may in some years be prevalently
from the west. A change from a southeast to a north wind almost
invariably brings fair weather. During the winter fierce land winds
often blow down the fiords and at their height interrupt the normal
passage of coastwise traffic.

Tables presenting the average monthly and annual precipitation
and the average annual mean temperature at stations in southeastern
Alaska and an adjacent part of British Columbia are given below.
The averages for Alaska have been computed from data given in
publications of the Weather Bureau, United States Department of
Agriculture, for 1923 and earlier years. The data for Stewart,
British Columbia, are taken from records by the Dominion Meteor-
ological Service.®®

Except at the head of Lynn Canal, near Skagway and Klukwan,
the minimum temperature is rarely below zero and very rarely
below —7°. On the average zero readings occur less than twice a
year at Juneau and less than once a year at Sitka. The maximum

recorded temperature is 99°. The winter temperature commonly
" ranges from 10° to 20° above zero and the summer temperature
from 70° to 80°.

8 Schofield, S. J., and Hanson, George, Geology and ore deposits of Salmon River district,
B. C.: Canada Geol. Survey Mem, 132, p. 7, 1922,
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The total snowfall at Skagway averages about 314 feet; at Juneau,
9 feet; at Sitka, a little over 4 feet; and at Stewart, British Colum-
bia, a little over 18 feet.

The number of rainy days averages about 200, except at the head
of Lynn Canal, where it is less than 100. With few exceptions the
rains are gentle, mostly in the form of drizzle or mist.
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VEGETATION AND TIMBER SUPPLY

By THEODORE CHAPIN

Most of southeastern Alaska lies within the Tongass National
Forest, formerly known as the Alexander Archipelago National For-
est. The hillsides, where not too steep, from sea level up for many
hundred feet are covered with a luxuriant vegetation, which is so
dense that it effectively conceals the underlying rocks, tends to confine
prospecting to the stream courses, and renders detailed geologic
mapping slow and expensive. Up to an altitude that may reach about
2,500 feet but is dependent upon local conditions, the lowlands and
slopes are forested with a heavy growth of timber. Among the
conifers of the forests are species of hemlock, spruce, cedar, pine, and
balsam fir. An estimate of their relative abundance furnished by
W. G. Weigle, former forest supervisor of Alaska, is given in the
following table:

Per cent
‘Western hemlock (Tsuga heterophylla) -} 60
Black hemlock (Tsuga mertensiana)
Sitka spruce (Picea sitchensis) 25
Western red cedar (Thuya plicata) 7
Yellow cedar ( Chamaecyparis nootkatensis) 5
Lodgepole pine (jack pine) (Pinus contort@) - ______ } 3
White balsam (Abies lasiocarpa)

As seen from this table hemlock is the most abundant, and of the
two species noted the western hemlock is much more plentiful. The
hemlock is less susceptible than spruce to the borings of the teredo
worm, and for this reason and on account of its superior weight it
has been in great demand for piling used in fish traps and wharf
and dock construction, purposes for which it is well adapted, as it
tapers but little in the length required for piles. It is now used
extensively also for planking, for which use it is better adapted than
fir, as it does not splinter so badly and lasts longer. A great amount
of planking is used in wharf, road, and tram construction, as the
streets of most towns in southeastern Alaska are built of planks
placed upon piling. Hemlock makes a very satisfactory grade of
newsprint paper, and the trees, which range from 18 inches to 8 feet
in diameter, are said to be especially well adapted to this use.

For general purposes spruce has found the most universal use.
It grows to fine proportions, reaching 225 feet in height and 4 feet
in diameter 100 feet from the butt. It averages 2,500 board feet to
the tree, and exceptional trees yield 20,000 feet. On account of its
toughness and lightness the Sitka spruce is suitable for airplane
construction and during the World War was used in England and
France as well as in the United States.
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The western red cedar is used for shingles and for boat timber.
The yellow cedar also is used in boat construction and is suitable for
furniture and pattern making but is not easily obtained, as there is
but little of it found below an altitude of 500 feet above sea level.

Among other trees common to this region may be noted mountain
ash, cottonwood, quaking aspen, crab apple, and varieties of willow
and alder. From sea level to a height of 1,500 feet or so the forests
have a dense undergrowth of berry bushes and other shrubs which
in places form an impassable barrier except where trails are cut.
The most objectionable of these shrubs is the devil’s club, a luxuriant
bush whose stalks and stems are thickly covered with sharp, fine
thorns. Salmonberry is the most abundant and forms impenetrable
thickets. Huckleberries are plentiful ; they include two varieties with
blue berries and one with red. There are also high-bush cranberries
and black currants.

The best timber is found on the well-drained areas, which are
confined to the steep hillsides and the vicinity of the large streams.
It is not likely that in the near future much timber will be cut for
export, but there is an ample supply suitable for mine timber and
other local requirements. There is, moreover, a great quantity of
poorer-grade timber suitable for paper pulp, and it is believed that
this region, with its abundant water power and large deposits of high-
grade limestone, will become a pulp and paper producing region.

AGRICULTURAL LAND

Owing to the mountainous character of the topography, few of the
flat or gently sloping tracts well adapted to agriculture are large.
All the indented arms of the sea, however, are being gradually filled
with material brought down by rivers. Except for some low-lying
flat islands and low valleys on the larger islands these deposits con-
stitute practically the only large areas of level land in the region.
A number of homesteads have been taken up on the deltas of the
mainland, and there is opportunity for many more. The largest
available tract is that of the Stikine River delta, which is 1 to 3
miles wide and extends upstream for 20 miles or so. This tract
contains between 12,000 and 15,000 acres of land apparently suited
for diversified agriculture. North of the mouth of Stikine River,
on the old, slightly uplifted delta of Patterson River, there is an
additional 2,000 acres or more. There is also a considerable acreage
available on the islands and mainland at the mouth of Glacier Bay.
These areas are suitable for growing berries and vegetables.

WATER POWER

The heavy precipitation insures an abundance of water, and the
deep lakes in many of the troughlike valleys form natural reservoirs
whose capacity could readily be increased. Many of the streams
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have an abrupt descent at or near the coast line, thus affording many
fine water-power sites. The abundance of water power, the cheap
water transportation, and the proximity of forests suitable for pulp
wood afford opportunity for the present and future development of
pulp and paper mills. One such mill is already in operation on the
north arm of Port Snettisham, and others are contemplated.

Investigations by the Geological Survey and the Forest Service
indicate a potential water power of more than 450,000 horsepower in
southeastern Alaska. Only a small percentage of this is now utilized,
but each year shows increased development of power for mining,
milling, and other uses.

OUTLINE OF GEOLOGY

MAIN STRUCTURAL FEATURES

All of southeastern Alaska is a rugged mountainous region lying
within the Pacific Mountain system, which, as defined by Brooks,**
includes a broad zone of ranges forming a concave belt parallel to
the southern coast of Alaska.

Farther southeast, in the vicinity of Vancouver Island, this system
includes two prominent ranges—the Coast Range of the mainland
and the Vancouver Range of Vancouver Island—which, according
to Clapp, are separated by the submerged northern part of the Pa-
cific coast downfold that extends from the Gulf of California through
British Columbia and Alaska and includes Haro, Georgia, Johnstone,
and Broughton Straits and Queen Charlotte Sound. Hecate Strait
constitutes a further extension af this downfold and separates the
Queen Charlotte Range of Graham Island from the mainland.

Within southeastern Alaska the dominating feature of the main-
land is the Coast Range, a high mountain mass many peaks of which
rise to altitudes of 6,000 to 8,000 feet. Brooks3¢ describes it as
follows: '

The Coast Range extends from near the boundary of Washington northward
through British Columbia into southeastern Alaska, where it lies partly in
Alaska and partly in Canadian territory. Following the coast line for nearly
900 miles, it passes inland behind the St. Elias Range near the head of Lynn
Canal. Thence it can be traced northward, decreasing in altitude and gradu-
ally losing definition until it finally merges with the interior plateau near
Lake Kluane, in longitude 138° 30’. This range has no well-defined crest line

but is rather a complex of irregular mountain masses, occupying a coastal strip
between the Pacific Ocean and the Central Plateau region.

% Brooks, A. H., Preliminary report on the Ketchikan mining district, Alaska: U, S.
Geol. Survey Prof. Paper 1, p. 14, 1902.

8 Clapp, C. H., Sooke and Duncan map areas, Vancouver Island: Canada Geol. Surve)
Mem. 96, pp. 23-24, 1917.

3 Brooks, A. H., The geography and geology of Alaska: U. S. Geol. Survey Prof. Paper
45, p. 28, 1906.
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Chapin describes Clarence Strait, Revillagigedo Channel, Nichols
Passage, and the lowlands bordering them as occupying the site of a
down-warped trough. This trough extends northwestward beneath
the Tertiary formations of Eagle, Zarembo, Kashevarof, Prince of
Wales, Kupreanof, Kuiu, and Admiralty Islands. It is evidently
one of the series of basins constituting the Pacific coast downfold.
Tertiary formations are exposed at least locally in or on the borders
of all the basins of the downfold that are not completely submerged.

The mountainous islands and peninsulas to the east of this Tertiary
belt may, in the absence of more definite knowledge, be grouped with
the Coast Range of the mainland.

To the west of the trough lies what is here named the Prince of
Wales Range, dominated by a complex group of short, rugged moun-
tains that reach an altitude of about 4,000 feet. This range includes
Prince of Wales Island, all of Kuiu Island except the eastern part,
and the island groups lying west of Prince of Wales Island, with
the probable exception of Forrester Island. The Prince of Wales
Range is composed almost wholly of Paleozoic formations with
associated intrusive rocks of Upper Jurassic or Lower Cretaceous age.

The trough between the Coast Range and the Prince of Wales
Range appears to-be terminated by Chatham Strait. Chatham
Strait and Lynn Canal, according to the Wrights,** constitute a great
fiord eroded along a faulted zone. This fiord is 250 miles long, 3 to
6 miles broad, and 1,000 to 2,900 feet deep. It traverses the general
trend of the mountain ranges and of the bedrock structure at an
angle of about 30°.

To the north there is no satisfactory means for discriminating
between the Coast Range on the one side and the mountain ranges
of Admiralty and Chichagof Islands, the Glacier Bay region, and
the peninsula west of Liynn Canal on the other.

Mount Fairweather and the associated mountains, which are part
of the St. Elias Range, lie along the line of trend of the ranges of
the Alexander Archipelago, but are much higher, 8,000 to 15,000 feet,
and probably in part of later origin. Their youth is indicated by
the fact that in the vicinity of Mount St. Elias Pleistocene beds have
been uplifted on their flanks and folded and faulted.®®

BEDROCK GEOLOGY

The predominant features of the bedrock geology of southeastern
Alaska (pl. 2) comprise the composite Coast Range batholith of the
mainland and the associated outlying intrusive bodies on the islands

8 Wright, F. E. and C. W., The Ketchikan and Wrangell mining districts, Alaska: U. 8.
Geol. Survey Bull. 347, pp. 21-22, 1906.

8 Russell, I. C., Second expedition to Mount St. Elias, in 1891: U. 8. Geol. Survey
Thirteenth Ann. Rept., pt. 2, pp. 1-91, 1892. Maddren, A. G., Mineral deposits of the
Yakataga district: U. 8. Geol. Survey Bull. 592, p. 1382, 1913.
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of the Alexander Archipelago and in the Glacier Bay region; a
metamorphic-complex belt that lies adjacent to the Coast Range
batholith and consists of injection gneiss, crystalline schist, marble,
phyllite, and highly schistose greenstone; three belts of Mesozoic
formations—one through Juneau and Mitkof Island, one through
Keku Straits and Gravina Island, and one through the west coast
of Chichagof and Baranof Islands; a belt of Tertiary formations on
Zarembo, Kupreanof, Kuiu, and Admiralty Islands, and another
along the outside mainland coast northwest of Icy Point; and Paleo-
zoic formations which form probably two-thirds of the country rock
of the Alexander Archipelago and the Glacier Bay region. The
metamorphic complex is in part of Carboniferous age but may include
beds ranging from Ordovician to Upper Jurassic or Lower Creta-
ceous. Recent lava flows form Mount Edgecombe, on Kruzof Island,
and are found in several small separated areas in the vicinity of
Thorne Bay, on Revillagigedo Island, and the east side of Behm
Canal and along the Lava Fork of Unuk River.

Paleozoic beds form practically all of the Prince of Wales Range,
the northeastern part of Chichagof Island, and the area in the vicinity
of Glacier Bay. These beds are of pre-Ordovician (%), Ordovician,
Silurian, and Devonian age. A considerable part of Kupreanof and
Zarembo Islands is composed of middle Paleozoic formations. Car-
boniferous formations are found within the Alexander Archipelago,
in the Keku synclinorium on the northeast end of Kuiu Island and
the northwest end of Kupreanof Island and on Admiralty Island.
They are also exposed on the mainland along both borders of the
Juneau synclinorium in the Juneau and Skagway districts and locally
along the borders of the Gravina synclinorium in the Ketchikan
district.

The Prince of Wales Range and the mountain ranges on the north-
east end of Chichagof Island and in the Glacier Bay region are
characterized by the predominance of middle and lower Paleozoic
formations, in contrast to the Queen Charlotte Range of Graham
Island, where only Mesozoic formations are reported to be present,
and the Vancouver Range, where there are Mesozoic and upper Paleo-
zoic formations. The only parts of the Pacific Mountain system
south of Alaska which are known to be composed in considerable
part of rocks as old as the middle Paleozoic are the San Juan
Islands,® the Klamath Mountains of California and Oregon, and the
northern part of the Sierra Nevada.®®

Tertiary formations are found in and adjacent to the great trough
between the Coast Range and the Prince of Wales Range. This

% McLellan, R. D., The geology of the San Juan Islands: Washington Univ. Pub,, vol. 2,
pp. 91-99, 1927. °
0 Diller, J. 8., U. 8. Geol. Survey Geol. Atlas, Redding folio (No. 138), p. 1, 1906.
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trough must have originated in late Cretaceous or early Tertiary
time, for its northwestward continuation forms the lowland area
upon which lies the belt of Tertiary beds of Union Bay, on the Cleve-
land Peninsula, Eagle Island, the west side of Zarembo Island, the
Kashevarof Islands, the northeast side of Prince of Wales Island,
the west side of Kupreanof Island, the east half of Kuiu Island, and
the southwest end of Admiralty. Island. The Tertiary deposits of
Kasaan Bay, Duncan Canal, and Ernest Sound indicate the sites of
Tertiary erosion valleys which lead into the major trough.

PHYSIOGRAPHIC HISTORY

The mountain ranges of the Pacific system are commonly referred
to as resulting from the deep dissection of an elevated plateau or
uplifted and warped peneplain of Tertiary age. In the southern
part of the Coast Range** the upwarping of this peneplain is as-
sumed to have taken place at the end of the Pliocene or in early
Pleistocene time. The upwarping of the peneplain at the south
end of the Vancouver Range is placed by Clapp in the early
Pliocene.

Wright ¢ has offered an alternative explanation of the approxi-
mate uniformity of summit level within the Coast Range:

It is possible that both the observed tendency toward planation in the
uplands and also in the forelands noted above owe their present character to
ice action. It is significant in this connection that the upper limit of ice action
coincides with the upland base level. If the ice sheet remained long enough at
approximately the same level its surface might well have functioned, like a
large water surface, as a datum plane toward which the exposed masses
tended to be beveled. Sufficient evidence has not yet been gathered to deter-
mine definitely the réle which such ice-cap beveling may have played in the
formation of the observed upland surface.

The Pleistocene ice cap was undoubtedly an important factor in
the modeling of the present upland surface. The data, however,
are inadequate for a satisfactory discussion of the relation of pene-
plains, of cycles of erosion, and of the former ice cap to the present
physiography of the mountains.

4 Spencer, A, C., The Pacific Mountain system in Alaska: Geol. Soc. America Bull,, vol.
14, pp. 117-132, 1903. Brooks, A. H., The geography and geology of Alaska: U. 8. Geol,
Survey Prof. Paper 45, pp. 286-290, 293, 1906, Dawson, G. M., On the later physio-
graphical geology of the Rocky Mountain region in Canada: Roy. Soc. Canada Trans., vol,
8, sec. 4, pp. 3-74, 1891. Clapp, C. H., Geology of the Victoria and Saanich map areas,
Vancouver Island, B. C.: Canada Geol. Survey Mem. 36, p. 8, 1913. Hanson, George,
Reconnaissance between Kitsault River and Skeena River, B. C.: Canada Geol. Survey
Summary Rept. for 1922, pt. A, p. 88, 1923.

€ Cairnes, C. E., Coquihalla area, B. C.: Canada Geol. Survey Mem. 139, p. 29, 1934

4 Clapp, C. H., Sooke and Duncan map areas, Vancouver Island: Canada Geol. Survey
Mem. 96, p. 363, 1917.

“ Wright, F. B.,, Excursions in northern British Columbia and Yukon Territory : Twelfth
Internat. Geol. Cong. Guidebook 10, Prince Rupert-Skagway section, pp. 41-51, 1913.
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Schofield and Hanson 4 state that in the Salmon River district,
B. C., the Coast Range was worn down to a condition of peneplana-
tion durlng the Cretaceous period-and that the present valleys were
eroded during the Tertiary period.

In the Ketchikan district Eocene sediments occur at and below
sea level on Union Point, Cleveland Peninsula, and on Coal Bay,
Prince of Wales Island. The pre-Eocene rocks in this general
vicinity reach altitudes of 2,800 to 3,300 feet. There is no evidence
of faulting between the formations, but there may have been some
slight warping. It seems very probable, however, that the Eocene
rocks were formed for the most part in a great downwarped basin
but also in small part in deep valleys eroded in a mountain range. It
therefore follows that an adolescent or mature topography had been
developed, at least locally, within this region prior to the deposition
of the Eocene sediments and volcanic rocks.

There is little evidence available from which to determine the
date of the uplift of the Coast Range in southeastern Alaska. It
must have been post-Eocene and may have been Pliocene or early
Pleistocene, as seems to be indicated farther south in British Colum-
bia. The uplift of the St. Elias Range certainly went on throughout
the Pliocene and Pleistocene and has probably continued to the
present time, as indicated by faulting on Yakutat Bay.

TOPOGRAPHY

GENERAL FEATURES

The mountainous topography of southeastern Alaska, with its
associated forests, glaciers, waterfalls, and fiords, has a scenic beauty
that is one of the great economic assets of the region. A maze of
deep, intricate inland waterways thread among the thousands of
islands of the Alexander Archipelago. Skagway may be reached
from Seattle, 1,000 miles away, through the “inside passage,” with-
out once entering the open ocean. The archipelago consists in part
of flat, low-lying islands, forested practically to the water’s edge; in
part of smooth, rolling mountains, likewise completely forested, that
rise to a height of several thousand feet; and in lesser part of high
ranges composed of bare rounded mountains gouged by cirques or of
bare serrate peaks with talus slopes. On the mainland magnificent
fiords, equivalent in origin and scenic character to the famous fiords
of Norway, penetrate into the granitic heart of the Coast Range; at
many places cliffs rise sheer from the water’s edge to altitudes of
2,000 to 5,000 feet; and a short distance back from the shore snowy

4 Schofield, S. J., and Hanson, George, Geology and ore deposits of Salmon River dis-
trict, B. C.: Canada Geol. Survey Mem. 132, p. 31, 1922.
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A. VIEW NEAR LOWER PART OF CHICKAMIN GLACIER

The medial moraine is from Through and Greenpoint Glaciers

B. VIEW NEAR HEAD OF CHICKAMIN GLACIER

Serrate peaks in background are about 8,000 feet in altitude

COAST RANGE TOPOGRAPHY, HYDER DISTRICT



U. S. GEOLOGICAL SURVEY BULLETIN 800 PLATE 4

A. PANORAMA FROM HEAD OF KLAKAS INLET

B. PANORAMA FROM HEAD OF TWELVEMILE ARM

MOUNTAINS OF PRINCE OF WALES ISLAND
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4. CIRQUE OCCUPIED BY GLACIER 7}4 MILES N. 70° W. OF WHITING POINT,
PORT SNETTISHAM

Back wall in crystalline limestone. Altitude 3,000 feet

B. CIRQUE OCCUPIED BY LAKE, KANE PEAK, KUPREANOF ISLAND

Back wall in diorite



U. S. GEOLOGICAL SURVEY BULLETIN 800 PLATE 6

A. ROCK RIDGE FORMING FRONT EDGE OR LIP OF CIRQUE OCCUPIED BY LAKE
AT HEAD OF CANN CREEK, LISIANSKI INLET, CHICHAGOF ISLAND

Altitude 1,300 feet. Rock is diorite

B. RIDGE BETWEEN THE HEADS OF TWO
CIRQUES, KANE PEAK, KUPREANOF ISLAND



U. S. GEOLOGICAL SURVEY BULLETIN 800 PLATE 7

A. GLACIAL LAKE IN VALLEY OF CASCADE CREEK IN COAST RANGE NEAR
THOMAS BAY

B. GLACIATED SURFACE OF QUARTZ DIORITE SHOWING ROCHES MOUTON-
NEES, THOMAS BAY



U. 8. GEOLOGICAL SURVEY BULLETIN 800 PLATE 8

A. ROUNDED TOP OF MOUNTAIN BELOW
LEVEL OF PLEISTOCENE GLACIATION,
TRACY ARM, HOLKHAM BAY

Altitude 4,000 feet

B. SERRATE PEAK OF MOUNTAIN ABOVE LEVEL OF PLEISTOCENE GLACIATION,
NEAR HEAD OF CHICKAMIN GLACIER, HYDER DISTRICT

Altitude 8,000 feet
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peaks 6,000 to 7,000 feet high are common. High peaks like the
Devils Thumb, which rises to a height of 9,077 feet, with a shaft
projecting more than 1,600 feet above the general level, are visible
on a clear day for over a hundred miles. Thousands of small
glaciers occur in the mountains, some clinging to slopes so steep as
to cause wonder how they can remain there, and some terminating in
ice cliffs from which huge masses are continually falling. Some of
these valley glaciers discharge icebergs into the sea. Here and
there waterfalls, starting hundreds or thousands of feet high on the
mountain sides, plunge down in a series of cascades into the valleys
or into the sea. So steep are many of the mountain slopes that great
landslides are common, and long triangular scars, both old and
recent, are a feature of many views. The unusual coastal forms and
the contrasts of color afforded by the green of the forest on the lower
slopes, the dark to light grays of the bare rock and the talus above
timber line, and the White of the snow patches and the glaciers lend
variety to the scene.

The topography is that of an adolescent rugged mountainous
region, in which the ranges have been deeply dissected by river
erosion, modified by the great Pleistocene ice sheet, and sculptured
by alpine glaciers of Pleistocene and Recent-age. A panorama of
part of the Coast Range at the head of Chickamin River, near the
international boundary, is shown in Plate 3, 4 and B. The highest
peak in the Coast Range south and east of Lynn Canal is Kate’s
Needle (10,002 feet), on the international boundary east of Thomas
Bay. The relief is usually several thousand feet. In the general
vicinity of the international boundary all the divides are filled with
ice and the ridges bear snow or ice caps, from which flow valley
glaciers, many of them 20 to 30 miles long, the general effect being
that of a snow or ice field with many projecting nunataks. Literally
thousands of small alpine glaciers are present on the mainland, and
there are many also on Baranof and Chichagof Islands and perhaps
on Admiralty Island. The Prince of Wales Range comprises a
group of short, rugged glaciated mountains as much as 4,000 feet
in height, such as are shown in the panoramas of Plate 4.

The evidences of the great ice flood of Pleistocene time are found
in the fiorded coast line, in the modified shape of most of the pre-
existing river valleys, in the presence of hanging valleys, in polished,
grooved, and striated surfaces, and in roches moutonnées. The re-
sults of extensive alpine glaciation are seen in the many cirques,
tarns or mountain lakes in rock-rimmed basins, knife-edged or comb
ridges between cirques, and Matterhorn-like peaks, on both the main-
land and the larger islands of the archipelago. (See pls. 5-7.)

6137—29——3
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PLEISTOCENE GLACIATION
HEIGHT OF THE ICE SURFACE

During the Pleistocene epoch all the valleys and most of the
mountains of both the mainland and the islands were buried under
an ice sheet that extended across the whole region to the Pacific
Ocean. During the period of maximum flooding ice to the depth of
a mile or so must have flowed out through these parts of the main-
land valleys that now constitute fiords.

The height of the surface of this ice field was not everywhere the
same. In the vicinity of the head of Portland Canal its surface was
at an altitude of about 6,000 feet; south of Stikine River and about
14 miles east of Wrangell, 5,000 feet; on Caseade Creek, in Thomas
Bay, about 5,000 feet; on Whiting River about 15 miles east of
Snettisham, 4,500 feet; and in the Eagle River region, about 3,400
feet.®* Below the altitudes noted the mountains are smoothed and
rounded on their tops (see pl. 8, 4), though on the mainland and
locally on the islands their higher slopes are marked by cirques.
But the highest peaks, though furnishing sites for local glaciers and
snow accumulations, stood above the surface of the great ice field and
are serrate, pinnacled; and frost-riven. (See pls. 3, B, and 8, B.)

Information as to the rate of decline of the ice surface outward
from the centers of accumulation is scanty. On Etolin Island the
mountains, about 3,500 feet high west of Mosman Inlet, are rounded
and glaciated, whereas the peak, about 4,500 feet high several miles
east of Quiet Harbor, on Stikine Straits, is serrate at the top. On
the Portage Mountains, Kupreanof Island, glacial striae occur at
an altitude of 3,000 feet, and on the Kasaan Peninsula mountains
up to 2,840 feet in height are glaciated. On Chichagof Island the
mountain 2,800 feet high just west of East Point, Tenakee Inlet, is
rounded and glaciated, whereas the 4,000-foot peak back of Tenakee
is serrated and probably stood above the ice surface. On Yakobi
Island, which lies directly on the Pacific, the mountain back of
Bohemia Basin, 2,300 feet high, is rounded, grooved, and polished.
Knopf states that Doolth Mountain, on the west side of Chichagof
Island, 2,100 feet high, was probably overridden by the ice sheet.

DIRECTION OF FLOW

The ice apparently had, in general, a southwestward flow toward
the Pacific Ocean. Observations of the direction of striae made by
the ice current near sea level suggest, however, that the flow here was
to a considerable extent influenced by the topography. These striae

4 Knopf, Adolph, The Eagle River region, southeastern Alaska : U. S. Geol. Survey Bull.
502, p. 12, 1912,
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were doubtless made during the waning stages of glaciation and may
therefore indicate a concentrated flow of the ice along former valleys
at a late stage of the ice flood. At some places they may be the
markings of local valley glaciers. The direction of the striae ob-
served on Kupreanof and Kuiu Islands suggests that an axis extended
southwest through the Portage Mountains, the south end of Kekn
Straits, and the unnamed bay north of Alvin Bay. Northwest of
this axis the ice moved to the west or northwest—that is, on the
north side of Kupreanof Island, west-northwest; on the west side of -
Kupreanof Island north of Keku Straits, west; and through Keku
Straits, Keku Islands, Threemile Arm, and Port Camden, northwest.
Southeast of this axis the ice moved to the west, southwest, or south—
that is, across the peninsula at the mouth of Thomas Bay, south-
southwest ; at the head of Duncan Canal, south; at the mouth of Dun-
can Canal, southwest; on Level Islands, west through Sumner Strait;
north of Point Barrie, southwest; through Alvin Bay, west; and
through Sumner Strait, Port Beauclerc, and Affleck Canal, south.
The radiating movement of the ice currents is particularly marked
in the vicinity of the bay at the south end of Keku Straits. The ice
from this area flowed north and northwest through Keku Straits,
west-northwest through Threemile Arm, west through Alvin Bay,
southwest north of Point Barrie, and south through Sumner Strait.
It is also worthy of note that at Kell Bay the ice flowed across the
narrow neck of land to join the ice in Chatham Strait.

Erratic boulders of Tertiary conglomerate, breccia, and lava are
abundant along the south shore of Mitkof Island and along Freder-
ick Sound southeast of Cape Strait. It seems possible that these
boulders were brought down by the Pleistocene glacier that flowed
down the Stikine River valley, as similar rocks are now found in place
on Iskoot River, a branch of Stikine River. Many fine roches
moutonnées on the west coast of Prince of Wales Island show that
the ice moved west-southwest across Orr, Tuxekan, and Marble
Islands, west through the passages north and south of Noyes and
Lulu Islands, and south through the lower end of Bucareli Bay.

VALLEYS

Most of the large valleys on the mainland are broad, flat-floored,
and U-shaped as the result of the glaciation, which widened, deep-
ened, and straightened the preexisting river valleys. On the islands
there are many “through valleys,” with broad, flat floors sloping
very gradually up to a divide that is low, broad, and rounded. Such
valleys were formed by the passage of ice that flowed up one valley,
across the divide, and down another valley, or by valley glaciers
that flowed in opposite directions from the same head, planing down
the intervening divide.
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A valley from which the ice has not yet wholly retreated is shown
in Plate 10, B. Other such valleys are the one running a little south
of west from Petersburg to Duncan Canal, one running northwest

~from the slough opposite Petersburg to the head of Portage Bay,
one on Wrangell Island, and one running from Fools Inlet a little
west of north to Eastern Passage.

In some glaciated valleys the profile is not a simple U, but the
profile of each side may be composed of two or more intersecting
curves, concave upward, each successively lower scallop having a
steeper inclination. The scallops on one side of the valley may or
may not correspond to those on the opposite side. This suggests
that the valley is a composite of two or more superimposed U valleys,
the upper and older one being broader and shallower than the lower
and younger ones. This indicates that the history of the waning
stages of the Pleistocene glaciation was not one of continuous decline,
and it may indicate that there was more than one period of glacia-
tion. The successively narrower valleys suggest successively nar-
rower glaciers, which maintained the same relative size for a suffi-
ciently long time to cut new valleys into the old one. The asym-
metric character of the valley can be explained as due to the glacier’s
eroding its new channel at one side of the old valley, rather than in
the middle. Since the glaciers have retreated streams have cut
gorges and canyons in the rounded, flat-floored valleys, many of
them several hundred feet deep. (See pl. 10, 4.)

A few valleys show practically the V shape resulting from normal
river erosion, with only slight glacial modification. An example is
the valley on the south side of Tracy Arm, about 1214 miles east
of the elbow. The movement of the ice through such valleys must
have been slight during the Pleistocene ice flood, and the glaciers
apparently did not persist in them sufficiently long during the wan-
ing stages of the ice to erode them deeply.

Lakes and broad sphagnum bogs are characteristic features of the
glaciated valleys. Many of the lakes occupy deep troughlike basins
gouged out of the rock by the ice. The lake in the valley of Cascade
Creek, which enters Thomas Bay (see pl. 7, 4), and the lake in the
valley north of Tracy Arm, which is tributary to Port Snettisham,
are apparently of this type. Such lakes have great potential value as
storage reservoirs in connection with water-power development.
Submergence of valleys containing such lakes beneath sea level would
produce typical fiords.

FIORDS
The magnificent fiords for which southeastern Alaska has long

been justly famous have resulted in part from glaciation. (See pl.
9, 4, B.) These fiords are thought to be former river valleys which
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were eroded and deepened by the ice currents. Some submergence
of the region as a whole may also have accompanied the erosion.
As a result of one or both of these factors, the sea invaded the valleys
to a greater or less degree upon the melting of the ice, forming pas-
sages that are locally called channels, canals, straits, inlets, reaches,
coves, bays, sounds, or arms. Those of the mainland are exceedingly
important in giving easy access to part of the Coast Range back
from the main coast line that would otherwise be relatively inaccessi-
ble. Many of the valleys tributary to the fiords enter at high levels,
so that their streams have an abrupt descent at or near the coast line.
This gives rise to many fine water-power sites.

All the arms of the sea on the mainland are typical fiords with
such characters as very steep, straight, parallel walls, truncated or
partly eroded mountain spurs, hanging valleys, and a deep central
basin or basins with a shallower threshold at the entrance. The
walls often show beautiful grooving, fluting, and polishing, and
locally a more deeply curved, billowy, flowing type of surface known
as roche moutonnée. (See pl. 7, B.) Fine examples of fiords are
Lynn Canal, Taku Inlet, the north arm of Port Snettisham, Endi-
cott Arm and its branches, Thomas Bay, Le Conte Bay, Bradfield
Canal, Rudyerd Inlet, and Portland Canal. The fiords are continued
inland by U-shaped valleys with characters similar to the seaward
part.

The main channels between the islands, such as Gastineau Channel,
Stephens Passage, Frederick Sound, Sumner Strait, Stikine Strait,
Zimovia Strait, Clarence Strait, Eastern Passage, Ernest Sound, and
Behm Canal, likewise exhibit fiord characteristics but usually not
to so marked a degree as those of the mainland, though Blake
Channel and Seward Passage are as typical as any of the mainland
fiords. Fiords are found also on Etolin, Prince of Wales, Baker,
Chichagof, Baranof, and Dall Islands. The other islands show this
feature to a much less marked degree.

An idea of the amount of deepening accomplished, at least locally,
by the glaciers may perhaps be gained from consideration of the
following facts: The lowest point of exit for Clarence Strait is 263
fathoms at the mouth of Dixon Entrance, and throughout much of
its course the depth is not over 225 fathoms, yet a depth of 347
fathoms occurs off Lemesurier Point and 369 fathoms in Ernest
Sound, east of Brownson Island, a difference of about 100 fathoms
(600 feet). Xf this difference of 600 feet has been excavated in bed-
rock it might afford an estimate of the minimum deepening due to
the ice, as presumably the channel as a whole would likewise have
been lowered by erosion.
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The north arm of Holkham Bay, Tracy Arm (pl. 9, 4), 1s per-
haps the most impressive fiord in southeastern Alaska. TIts en-
trance is a narrow channel between a long sand bar always studded
with stranded icebergs on the east side and a rocky coast on the
west. Through this entrance the strong tide rushes in swirls. The
arm makes a right-angled turn 9 miles north of its entrance, prac-
tically at the western face of the Coast Range batholith, and then
for 13 miles runs directly across the granitic rock of the batholith
and into the very heart of the mountains. The arm is only three-
quarters of a mile wide, the walls of quartz diorite rise sheer from
the water’s edge to a height of several thousand feet, and the water
has a depth of 1,000 feet or more. So steep are the walls that for
a considerable part of their length little or no vegetation has gained
a foothold. On the contrary, much of the resistant granitic rock
still retains the polished grooving, fluting, and striation produced
by the great glacier, 5,500 feet or more thick, which formerly flowed
through this arm. Hanging valleys are abundant, and many water-
falls plunge from them down steep declivities to the sea. So deep is the
water, even along the shore, that anchorage is impossible except at
a few places where the larger streams have built out small deltas.
Two great glaciers, each about 20 miles long, enter the head of the
fiord and discharge bergs into its waters. The valleys through
which these glaciers flow have all the characters of the fiord except
that of being submerged, and if the land should subside 2,000 feet
their lower parts would become simply two branches of the fiord,
extending 5 miles inland.

Another ficrd of most impressive grandeur is Fords Terror, which
forms a narrow arm extending north from a point near the center
of Endicott Arm. Its central part is very narrow, only 1,000 feet
or so wide for a couple of miles, with walls of quartz diorite rising
almost sheer from the water’s edge to heights of 3,000 to 4,000 feet.
It is of true canyon or gorge character and yet is an arm of the sea.
The entrance to the canyon is particularly impressive, for it is a
rock rim across which tidal currents have cut a narrow passage 20
to 25 feet deep, through which the tide rushes with great velocity
except at or about slack water. Potholes several feet deep have
been drilled in the rock of the rim, between high and low tide levels,
by the currents. Inside the rock rim are depths of as much as 500
feet, and outside the rock rim in Endicott Arm, depths of more than
1,200 feet. At one time Brown Glacier entered the east arm of
Fords Terror, but it has now retreated so far that it no longer
reaches tidewater. At the head of the west arm of Fords Terror is
a beautiful hanging valley, with a stream plunging down a steep
slope to sea level.
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CIRQUES

Cirques, which are horseshoe-shaped basins similar to great stadia
or amphitheaters carved out of solid rock, are found at the heads of
many of the valleys. These basins are the result of erosion by
present or former mountain glaciers. On the mainland the higher
cirques are even now occupied by glaciers, but on the islands there
are many such basins that are either empty or occupied by lakes.
(See pl. 5.) Near the coast many of the cirque floors are at altitudes
of 800 to 1,000 feet, as at the head of Bergs and Porterfield Creeks,
east of Wrangell, on the mainland; at the head of Jumbo Creek, on
Prince of Wales Island south of Hetta Inlet; and at the Apex-El Nido
and Pinta Bay prospects, on Chichagof Island. They may, however,
be as low as 400 to 500 feet, as on Baker Island.

In the heart of the mountains cirques do not in general occur at
altitudes as low as on the islands. For instance, in the Salmon River
district, even where the valleys are now free of ice, little or no
evidence of cirques is found below an altitude of 4,000 feet. The
cirques are believed to have been formed to a very considerable extent
during the lowering of the snow line consequent upon the oncoming
glacial epoch before the maximum accumulation of snow and ice of
Pleistocene time. With the advance of the ice cirques that had been
formed at low levels on the slopes of the major valleys of the main-
land were almost or completely destroyed, and renewal of cirque
formation at low or moderate altitudes was prevented because the
valleys were filled with ice to considerable but varying depths up to
relatively recent time. Many of these valleys are still partly filled
with ice. Cirques at similar altitudes on the islands, however, were
merely smoothed and modified. The ice filling the fiords and marine
channels between the islands must have been melted away by the
relatively warm ocean waters much more quickly than that in the
valleys of the mainland, thus affording opportunity for individual
glaciers to form or persist for some time at low levels and continue
the process of cirque formation.

Knifelike ridges remaining between two cirques cut back from
opposite directions into the mountains are common (pl. 6, B); lat-
eral riblike ridges are abundant; and in high mountains that stood
above the surface of the Pleistocene ice, Matterhorn-like peaks,
carved by several glaciers, each excavating its basin in the same
ridge from a different direction, are conspicuous features of the
landscape.

MODERN GLACIERS

Within the Wrangell, Ketchikan, Hyder, and Petersburg districts
glaciers are restricted to the mainland, but they constitute there one
of the main features of its scenic grandeur. Thousands of small
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glaciers occupy cirques or cling to the precipitous faces of the moun-
tains. There are many valley glaciers ranging in size from those
which barely flow out from their sites of accumulation to those
like Chickamin, Baird, Dawes, Sawyer, and Taku Glaciers, which
extend 20 to 30 miles. Le Conte Glacier is the southernmost of the
glaciers that reach the sea. Other tidewater glaciers in this district
include Dawes Glacier, at the head of Endicott Arm; the two Sawyer
Glaciers, at the head of Tracy Arm; and Taku Glacier, at the head
of Taku Inlet. The two arms of Baird Glacier, Dawes Glacier,
and the Sawyer Glaciers head in what is practically the same snow
and ice field, with the divides at 5,500 to 6,500 feet. The glacier
flowing into Knygs Lake, on Stikine River, several other glaciers
draining toward Stikine River, and Le Conte and Popof Glaciers are
supposed to head in the same field of ice.

All the glaciers seen. by the writer in the area described show
evidences of recent retreat within the last score of years, except a
very few tidal glaciers, which maintain essentially their former posi-
tion, and Baird Glacier, which was advancing a little in 1922 and
1923.

Baird Glacier, as shown on the map of the International Bound-
ary Survey, consists of two arms. The southern arm has a maxi-
‘mum length of 30 miles, heading at an altitude of about 6,000 feet
on the east side of Mount Ratz, in British Columbia, where it forms
a through glacier with the ice that flows into Stikine River through
Flood Glacier. The northern arm has a length of about 16 miles.
Several through valleys filled with ice connect it with Dawes Glacier.
The altitude of the surface of this ice field ranges from about 4,300
feet to 6,500 feet. The glacier does not enter tidewater but reaches
within about a mile of it. An outwash plain about a mile wide
stretches in front of the ice and is being built forward into the bay.
(See pl. 11, A.) In 1922 observations showed that between June 25
and August 24 the front of the ice had advanced in general 10 to 15
feet, with a slight retreat at-some points. The retreat was particu-
larly noticeable on the south side, where the ice had melted back from
a group of trees which it had previously overridden, probably in the
preceding spring. At one place the ice about 12 feet above the
ground had been thrust forward 5 feet over that below and had pro-
duced overthrust folds in the lower ice. The whole lower part of the
ice was black from incorporated detritus. Only a very small ridge
of terminal moraine, 15 feet or so high, was present at the edge
of the ice. The ice in the forward part of the glacier showed many
deep crevasses. On June 3, 1923, the glacier was slightly in ad-
vance of its position in 1922. On the south side spruce trees 7 inches
in diameter had been overthrown by the advancing ice. (See pl.
11, B.) On the north side a big snowslide, remnants of which were
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A, TRACY ARM, A FIORD IN SOUTHEASTERN ALASKA

View looking east. Three-fifths of a mile wide at sea level, 1,000 to 1,200 feet deep; walls more
than a mile high

B. GLACIER-FACETED HEADLANDS ALONG FIORD ON EAST SIDE OF BAKER
ISLAND
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A. U-SHAPED GLACIATED VALLEY WITH RECENT GORGE IN THE BOTTOM,
BERGS CREEK, WRANGELL DISTRICT

B. PASS AT HEAD OF GOAT CREEK, HYDER DISTRICT

View looking into drainage basin of middle fork of Chickamin River. Divide at head of a through
valley from which the glacier has not wholly retreated
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4. BAIRD GLACIER AND OUTWASH PLAIN, THOMAS BAY

B. TREES OVERTHROWN BY ADVANCE OF BAIRD GLACIER IN 1923
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4. ICEBERGS FROM BAIRD GLACIER BURIED IN OUTWASH PLAIN

B. PIT LAKE BEING FORMED IN OUTWASH PLAIN OF BAIRD GLACIER BY
MELTING OF ICEBERG
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A. DAWES GLACIER, ENDICOTT ARM

View from the south headland of the north arm in June, 1923

B. NORTH DAWES GLACIER, AT THE HEAD OF ENDICOTT ARM

View showing high terminal moraine and glaciated walls of valley. Appearance in June, 1923
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A. REMNANTS OF THREE UPLIFTED WAVE-CUT TERRACES IN LIMESTONE,
KEKU ISLETS

B. ELEVATED WAVE-CUT BENCH IN LIMESTONE, CORNWALLIS PENINSULA,
KUIU ISLAND
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still present, appears to have dammed the river temporarily and re-
sulted in a flood that tore away from the north edge of the glacier
huge blocks of ice as much as 20 feet in diameter, scattered them
along all the way to the sea, and spread over them a deposit of
coarse gravel, which built up the outwash plain at least 10 feet higher
than it was in 1922. (See pl. 12, A.) In June may of the blocks of
ice were partly or completely melted and had formed pit lakes. (See
pl. 12, B.) The cobbles and boulders of the outwash plain are simi-
lar in size to those of the present river channel. Only little patches
of moraine were present in front of the ice on June 3, 1923. On
September 29, when the glacier was revisited, the ice front was found
to be in essentially the same position, but a moraine whose surface
ranged from sea level to a height of 30 feet (average about 15 feet)
lay in front of the ice and marked the maximum advance of the
summer. On the north side the stranding of icebergs in the river
channel had diverted the river so that it flowed for a quarter of a
mile along the front of the ice and cut a new channel to the bay.
The glacier was again visited on July 28, 1924. At that time the
moraine lay in about the same position as on June 3, 1923; the ice
front was slightly behind the moraine; the icebergs that had re-
mained buried in the outwash plain on June 3 were all gone, and their
sites were marked by sand-covered pits in the coarse gravel. Otto
J. Klotz,* of the Canadian Boundary Survey, made some very in-
teresting observations on Baird Glacier in 1894. He found that the
slope at the front was 1 to 3, whereas for 15 miles inland it was only
1 to 20; that between May 15 and August 11, 1894, the mass of the
glacier at the ice front was lowered through ablation a little more
than 2 feet a day; and that its rate of motion was a fraction over a
foot a day.

The most conspicuous case of glacial retreat seen by the writer on
the mainland is that of Brown Glacier, at the head of the east arm of
Fords Terror. As shown on Coast and Geodetic Survey chart
8200, published in 1920 but based on surveys made several years
prior to that date, this glacier entered tidewater. In June, 1923, the
position of the ice front was about 2 miles behind the position marked
on that chart and about 1,100 yards from high-tide level. An old
terminal moraine, breached by the river, lies several hundred yards
from the beach. Beginning at the position formerly occupied by the
ice front, as indicated by the chart, remnants of lateral moraine may
be seen along the steep slopes of the east side of the arm and thence
to its head. The moraine is deeply trenched by the side streams and
is overgrown with alder as far as the point where the arm turns east-
ward. Beyond that point the moraine is of comparatively recent

47 Klotz, O, J., BExperimental application of the phototopographical method of surveying
to the Baird Glacier, Alaska : Jour. Geology, vol. 3, pp. 512-518, 1895.
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origin. Near the present terminus of the ice there is one lateral
moraine at a height of somewhat more than 200 feet above sea level
and another at a height of about 80 feet. The latter is still underlain
by ice. The glacier lies in the valley, with lateral branches, buried
under moraine extending up the side hills. The whole south arm of
Brown Glacier is buried under an ablation moraine. The rock of
the valley walls, recently exposed by the retreat of the glacier, is
excessively shattered and is sloughing down rapidly.

The front of Dawes Glacier, on Endicott Arm (pl. 18, 4), appears
to be in essentially the same position as that indicated on the coast
chart, but Eugene Owens, a prospector familiar with the region,
reports that it has decreased in height considerably, and this state-
ment is confirmed by the zone of barren rock immediately above the
glacier. The head of the arm was filled with ice in June, 1923, and
approach could not be made nearer than the east headland of the
north arm.

North Dawes Glacier does not reach tidewater. A high terminal
moraine (pl. 13, B), with outwash plain, lies between the ice front
and the sea.

The Sawyer Glaciers enter the head of Tracy Arm, and both were
actively discharging ice in August, 1923. South Sawyer Glacier
heads in the same snow field as Sawyer Glacier and North Dawes
Glacier. The altitude of the ice in the through valleys is about
5,500 feet. South Sawyer Glacier has a length of about 22 miles
and Sawyer Glacier about 20 miles. A field of broken ice was
jammed in front of South Sawyer Glacier, and it could not be
approached closer than the island. Ice was falling into the sea from
Sawyer Glacier about every 15 minutes, but the current was suffi-
ciently strong to keep the arm in front clear of bergs, and a boat
could be taken practically to the edge of the ice.

Le Conte Glacier is reported to have retreated a considerable
distance within the last 10 years. In June, 1922, the bay was so
full of ice that approach could not be made closer than Thunder
Point.

Great Glacier lies in a valley about 3 miles east of Popof Glacier,
along the valley of Stikine River. A lake lies between the ice front
and an old terminal moraine breached by the river that drains the
glacial valley. A second moraine lies below the first, and an outwash
plain of sand and gravel occupies the space between the two. It is
reported that as late as 1870 this glacier bordered the river.

Mendenhall Glacier, north of J uneau, has been described by
Knopf. 4

& Knopf, Adolph, The Bagle River region, southeastern Alaska: TU. 8. Geol. .Survey
Bull. 502, pp. 11-13, 1912, :
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In the Hyder district Boundary Glacier, which is shown on the
International Boundary Survey maps as a tributary of Salmon
Glacier, now fails to join Salmon Glacier by several hundred feet.

The west front of Chickamin Glacier is reported to have retreated
4,600 feet between 1902 and 1925, and 600 feet between July, 1923,
and July, 1925.

As already stated, all the glaciers on the mainland that do not
reach tidewater, with the single exception of Baird Glacier, so far as
known, show marked evidences of recent retreat. In addition to
actual observations on the retreat of the ice evidences of this retreat
are found in old concentric terminal moraines hundreds or thousands
of feet in front of the present ice front, old lateral moraines scores.
to hundreds of feet above the present ice level, and bare rock surfaces
above the present glacier surfaces upon which vegetation has not yet
gained a foothold.

MARINE EROSION

The characters of the coast line are influenced to a marked degree
by the nature and structure of the rocks, both in the results of erosion
by glaciers, rivers, and weathering and in erosion by the ocean waters
themselves. The granitoid rock of the Coast Range is massive and
resistant, and in the fiords which cross it deep water occurs right up
to the shore line. As a result, little or no erosion by the sea has taken
place in this rock; indeed, at many places not even the glacial polish
or striations have yet been worn off. But here and there, where the
granitic rock occurs in small outlying stocks and is much jointed,
reentrants, coves, sea stacks, and terraces have been carved out by the
sea; examples of these are found at the north headland of the en-
trance to Hobart Bay and in the first cove to the east.

The gneiss, as a result of recrystallization and injection and per-
meation by aplitic and pegmatitic solutions, has acquired an essen-
tially uniform character and therefore resists erosion by the sea in
much the same way as the granitic rocks.

The less uniform schist, phyllite, and graywacke have a tendency
to develop offshore reefs whose linear extension is parallel to the
foliation or bedding. The tendency to develop reefs, however, is
most pronounced in the slate and phyllite. These two types of rock
are structurally and physically weak, so that erosion by the sea has
in many places been extensive, resulting in a multitude of dangerous
low-lying reefs along the coast and uplifted wave-cut terraces inland.
Rocky Bay, at the south end of the northwest half of Etolin Island,
and the islands and reefs in Seymour Canal and Pybus Bay, Ad-
miralty Island, are typical examples of erosion in the Jurassic and
Cretaceous slate and graywacke. Ordovician and Silurian gray-
wackes, with intercalated slates, likewise give rise to a coast charac-



34 GEOLOGY AND MINERAL DEPOSITS, SOUTHEASTERN ALASKA

terized by dangerous reefs. The beds of slate weather away, and the
more resistant beds of graywacke stand up as long, narrow reefs.
Most of the borders of Kuiu Island, much of the northwest coast of
Prince of Wales Island, and Kashevarof Passage, off Lake Bay,
Prince of Wales Island, show this development.

Where the slates, phyllites, and graywackes are intruded by Ter-
tiary basalt dikes the dikes have weathered out in relief at many
places, forming narrow linear reefs. They are particularly conspic-
uous in the vicinity of the Barrier Islands, which lie off the north-
west coast of Prince of Wales Island, and near the south end of
Brownson Island and Windy Bay, Etolin Island.

Bad as the slate, phyllite, and graywacke are as reef formers, how-
ever, the Tertiary volcanic rocks are uniformly worse. Without
exception, the ‘coast line developed from them is bordered by a wide
fringe of jagged reefs. This is the result of the irregular jointed
character of the lava. Many of the rhyolites have a platy structure
that renders them an easy prey to the sea, but the basalts are the
rocks out of which the more peculiarly treacherous reefs have been
. carved. Intricate passageways and coves have been cut in the lavas
by the sea working along fracture zones. Along the entire south end
of Kupreanof Island, for 2 miles offshore, there is a multitude of
reefs in part above water and in part submerged. Keku Straits,
from 1 to 2 miles wide, between Kuiu and Kupreanof Islands, is a
maze of basaltic islands and reefs; the channel is tortuous and is
passable only for small boats.

Some of the older lavas likewise tend to develop reefs, as exempli- -
fied in the Silurian andesitic volcanic rocks in Labouchere Bay and
just east of Lake Bay, in Prince of Wales Island.

Along the islands off the west coast of Prince of Wales Island the
sandstone and conglomerate show everywhere a most pronounced
development of reefs, as along San Christoval Channel, Naukati Bay,
Tuxekan Passage, the bay northeast of Point Ildefonso, Nossuk Bay,
Tonowek Bay, and the south side of Marble Island.

The limestone, as a result of solution, has a finely pitted to coarse
pockety surface, with many irregular needlelike or knifelike projec-
tions. Potholes are very common. So characteristic is the weath-
ered surface of the limestone that it may be distinguished as such
from considerable distances offshore. Marine erosion of massive
limestone, such as the Silurian, takes place along joints, with the
resultant development of chasms and long, straight, narrow channels.
A peninsula may thus be dismembered into a string of islands, such
as those off the north headland of Cone Bay, Heceta Island, or south
of Cosmos Pass, Kosciusko Island. Nearly vertical bluffs, with deep
water at the foot, are very common in the massive limestone. This
is exemplified on the charts by such names as Bluff Island, at the
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mouth of Shipley Bay; White Cliff, on the southwest end of Heceta
Island; and White Cliff Island, in Davidson Inlet. In the thin-
bedded limestone erosion proceeds parallel to the bedding.

On the outer coasts of the islands, where they are exposed to the
full force of the waves, a most conspicuous feature is the number of
long, deep, narrow, gorgelike chasms, which have been driven into
the cliffs, and are still being cut in, by the waves working along two
or more closely parallel joints.

SEA-CUT BENCHES AND PLATFORMS

Both on the mainland and on the islands rock benches or remnants
of rock benches are common, except in the massive quartz diorite and
injection gneisses of the mainland, where they are rarely found
because of the recent glaciation and more resistant character of
these rocks and because along the fiords which penetrate it the water
is deep right up to the shore. The most pronounced and best
developed benches are found in the limestone, slate, phyllite, and
Tertiary volcanic rocks.

At low tide, broad rock benches with a very gentle seaward slope
are exposed at many localities. These benches have been cut largely
by wave erosion and are of recent origin. (See pl. 21.)

Benches that are conspicuous because they are very obvious from
a boat lie within a zone several feet above and below high-tide
mark.*® Benches at this height appear to be developed locally on
all the islands and on the mainland. (See pls. 14, and 15, B.}
Very good examples may be seen along the south side of Taku Inlet;
the south side of Holkham Bay; the southeast side of the Cornwallis
Peninsula, on Kuiu Island; Totem Bay, on Kupreanof Island ; Rocky
Bay, Etolin Island; and near Dolomi.

A number of explanations have been advanced for coastal benches
which occur at about high-tide level. They have been ascribed to
protection offered by seaweed below high-tide mark;®® to control
by approximately horizontal structural features® such as bedding
or joints; to recession of cliffs due to atmospheric weathering down
to a ground-water level, which has a direct relation to high-tide
level ; ©2 to wear by storm waves at and near the. time of high tide;
to the interference of tide rips with storm waves except at slack tide; **
and to uplift.

© Buddington, A. F., Abandoned marine benches in southeastern Alaska: Am. Jour.
Sci., 5th ser., vol. 13, pp. 45-52, 1927.

5% Dawson, G. M., Report on the Queen Charlotte Islands: Canada Geol. Survey Rept.
of Progress, p. 96, 1878.

51 Ferrar, H. T., and others, The geology of the Whangarei-Bay of Islands subdivisions:
New Zealand Geol. Survey Bull. 27, new ser., 1925. :

83 Bartrum, J. A., “Abnormal " shore platforms: Jour. Geology, pp. 793-807, 1926.
© 83 McLellan, R. D., The geology of the San Juan Islands: Washington Univ. Pub., vol.
2, p. 24, 1927.
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Except for a few benches obviously due to structural control or
to a coincidence of a glaciated level topographic surface with the
present high-tide level, all the benches at about the level of high
tide are believed by the writer to be due primarily to erosion by the
sea and, where the tidal range is greater than 10 feet, to a relative
uplift by an amount somewhere between 10 and 16 feet. The mean
tidal range in southeastern Alaska, except in the vicinity of the outer
coast, is 11 to 14 feet. At a level just above high tide there are
many broad, flat rock benches, some of which bear numerous sea
stacks. Though storm waves at high tide will completely cover such
benches, it does not seem probable that they could have been cut
under the present relations of land and sea. Other benches occur
just below high-tide level or just below the upper limit of the rock-
weed growth, and some of these benches also bear sea-cut arches or
sea stacks. These benches are interpreted as resulting from the
partial erosion of relatively uplifted benches that formerly stood
at slightly higher levels. The coincidence of many benches with the
level of the approximate upper range of the rockweed is explained
by the greatly retarded rate of erosion due to the protection
afforded by this rank growth of vegetation. The benches several feet
above or below high-tide level, as a whole, are therefore believed
to be due to erosion and uplift, followed by erosion which has low-
ered them in varying amounts. It seems highly probable that some
former benches of similar origin have been entirely destroyed by
subsequent erosion. Chapin suggests that as the benches occur only
locally, it is probable that the uplift was of a differential character
and that parts of the region are sinking below sea level and others
are rising, owing to the warping nature of the movement. Budding-
ton found no evidence in the Juneau and Wrangell districts to sub-
stantiate this idea, but the data are not sufficiently accurate to be
decisive one way or the other. 4

Benches considerably above low-tide level are present also on
the outer coast, where the mean tidal range is about 8 feet. These
have not been carefully studied, and their origin is not known.

Extensive lowlands are developed locally on the softer rocks, such
" as slate, phyllite, and limestone. The groups of islands, such as
those of Keku and Zimovia Straits, Seymour Canal, Kashevarof
Passage, Saginaw and Security Bays, on Kuiu Island, Rocky Bay,
on Etolin Island, and the Keku group, all have relatively flat sur-
faces at low altitudes. The extreme south end of Etolin Island, the
south end of its northwestern part, and the north shore of Kupreanof
Island all show low-lying land near the coast. The part of Gravina
Island south of Dall Head, the bold promontory that marks the
south end of the highlands of the island, is'a flat that stands a few

J
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feet above sea level at the coast and slopes gently upward toward the
highlands that rise abruptly from the plain. Similar features are
found on the south end of Annette Island. (See pl. 15, 4.) Too
little is known of these lowlands to make any specific statement as
to their character and altitude; but they appear to rise to altitudes
of several hundred feet and locally have wide, relatively flat areas at
a height of 160 to 200 feet. The low plains here referred to are in
part coincident with those considered by Gilbert * to be low partial
peneplains. It seems probable that they may be in large part the
product of subaerial erosion and glaciation, subsequently modified
by marine erosidi between successive relative uplifts. That recent
uplift to the amount of 600 feet has taken place in this region is indi-
cated by deposits of postglacial clay, sand, and gravel containing
a marine fauna, which have been found up to this height.

KARST TOPOGRAPHY

A typical karst topography has been developed on some of the
large belts of uniform limestone. A very good example is the belt
of sink holes in the form of crevasses, wells, pits, and deep longitudi-
nal depressions, interspersed with narrow ridges and pinnacles,
which occurs within the band of limestone extending from Grace
Harbor to Waterfall Bay, on Dall Island. Practically the whole

drainage is underground. So difficult to traverse is this belt that
even deer trails are absent.

RELATION OF TOPOGRAPHY TO STRUCTURE

The structural factor that has most strongly influenced the topo-
graphic development of this region is the prevalent northwest strike
of the formations. This is reflected in the general northwesterly
trend of the major physiographic features as well as of many of the
minor features.

The relatively flat-lying Tertiary volcanic rocks, where they occupy
large areas, have tended to result in a plateau type of topography,
but one which is reaching a mature stage of dissection. Buttelike
forms are, however, developed here and there, as well as cuesta scarps
and dip slopes. The outlying masses of granitoid igneous rock in-
trusive into the sediments form resistant bosses and usually constitute
a group of high mountain peaks. - '

The Tertiary sandstone, conglomerate, and volcanic rocks on the
southwest side of Port Camden, with their low dips of only about
§° SE., have been so eroded as to develop a marked set of steep cuesta
scarps and gentle dip slopes.

5 Gilbert, G. K., Glacie

rs and glaciation ; Alaska, vol. 8, p. 181, Harriman Alaska Expe-
dition, 1904. . : i
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Most of the bays in a belt comprising the west coast of Prince of
Wales Island and the islands adjacent thereto, the area adjoining
Keku Straits, and the south end of Admiralty Island in the vicinity
of Pybus Bay have been eroded along synclinal troughs, and the
youngest formations appear on the islands in the bays.

A very striking example of a depression eroded out of the trough
of a syncline of Silurian limestone is shown by Davidson Inlet and
Sea Otter Sound. Taken in a rough general way, the west half of
Kosciusko Island, the line of islands running south to Whale Head,
Heceta Island, Tuxekan Island, Orr Island, and Marble Island, whlch
are composed predominantly of Sllurlan hmesto’%e, togethe1 form
the rim of the basin. The basin is almost separated into two parts
by Orr, Marble, Hoot, Owl, and Eagle Islands, which together form
a minor anticline or dome within the major syncline. Along the
northwest-southeast axis of the basin, on the east side, there are
several outcrops of upper members of the Silurian, comprising sand-
stone and conglomerate, as in the bay at the south end of Tuxekan
Passage, along Karheen Passage, on the north side of the east end
of Heceta Island, and at the south end of Orr and Marble Islands.
Heceta and Kosciusko Islands are essentially cuestas, with steep
scarps along the south and north sides, respectively, as on Bald

"Mountain and Mount Francis, and gentle though irregularly eroded
dip slopes into and beneath Sea Otter Sound and Davidson Inlet.
The two landmarks Mount Francis and Bald Mountain are -outcrops
of the same formation at opposite borders of the basin.

Other examples of lowlands or valleys which have been worn out
of the troughs of synclines or synclinoria are the lower half of
Pybus Bay, on Admiralty Island, the bay at the north end of Keku
Straits, Shakan Bay and the lowland of the Barrier Islands, at the
northwest end cf Prince of Wales Island, Edna Bay, on Kosciusko
Island, Tokeen Bay, the bay at the south end of Marble Island and
the southwest end of Orr Islands, the south end of El Capitan
Passage, Naukati Bay and the wide expansion of Tuxekan Passage,
the bay at the south end of Tuxekan Passage, Karheen Passage,
Nossuk Bay, San Christoval Channel, St. Nicholas Channel, Por-
tillo Channel, Klawak Inlet and the lowland to the west and north
ends of San Alberto Bay, Bucareli Bay, the basin at the head of
Port Refugio, on Suemez Island, Trocadero Bay, Soda Bay, Cor-
dova Bay, and Tlevak Straits.

Some channels and bays originated as valleys eroded along the
arches of anticlines. Frederick Sound appears to have been eroded
along the broad dome of an anticlinal arch in Tertiary volcanic rocks.
Other examples are the channels lying east of the line of islands
southwest of Kake, on Kupreanof Island, Kashevarof Passage, Port
Protection, Labouchere Bay, and Warmchuck Inlet, on Heceta Island.
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A. COASTAL PLAIN ALONG SOUTHWESTERN COAST OF ANNETTE ISLAND

B. ELEVATED WAVE-CUT BENCH OPPOSITE DOLOMI, PRINCE OF WALES
ISLAND
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A. CLOSELY FOLDED LIMESTONE OF THE WALES GROUP, DALL ISLAND

T
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B. GREENSTONE SCHIST OF THE WALES GROUP, PORT JOHNSON, PRINCE OF
WALES ISLAND

View showing recumbent folds
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Evidences of marked and profound faulting are common through-
out the area west of the mainland, but the writer saw no place where
faulting had had a direct influence on the present topography. The
indirect results from faulting, however, are very evident in many
places. The weaker rock of shear and breccia zones is more easily
eroded, and faulting brings into contact rocks of unequal resistance.
The straight deep marine channel formed by Chatham Strait and
Lynn Canal, which extends for 250 miles and forms one of the most
conspicuous features of southeastern Alaska, is thought to have been
eroded along a fault zone. A good discussion of this feature is
given by Martin and Williams.® ‘
 Other places where the results of faulting were especially noted
are the east side of San Christoval Channel between San Fernando
Island and the west coast of Prince of Wales Island; the east side
of Bocas de Finas, on the southwest side of Heceta Island; the east
side of the lower half of Orr Island; the west face of the Mount
Calder limestone range, on the northwest end of Prince of Wales
Island; and the south end of Zarembo Island.

Many of the features of the topography have been controlled by
the presence of great fractures and intersecting fracture systems
along which there has been only sligcht movement. The location of
many erosion features such as river valleys and fiords, with their
numerous abrupt changes of direction, is due primarily to such planes
of weakness. Additional data would be needed, however, for an ade-
quate discussion of this subject. ‘

THE ROCKS

STRATIGRAPHIC COLUMN
By THEODORE CHAPIN and A. F. BUDDINGTON

The stratigraphic column in southeastern Alaska comprises a very
thick series of formations, which includes the Wales group (meta-
morphic rocks) and beds of Lower and Middle Ordovician, Silurian,
Middle and Upper Devonian, Mississippian, Pennsylvanian (%),
Permian, Upper Triassic, Jurassic, Lower Cretaceous (?), Eocene,
Pliocene, and Quaternary, with a possible total maximum thickness
of about 50,000 feet. The stratigraphic sequence is shown in the
accompanying table. The general distribution of the systems and
formations is shown on Plates 1 and 2. The Wales group comprises
a series of metamorphosed beds whose age and relation to fossil
horizons are not definitely known. They were classified as pre-Silu-

8 Martin, Lawrence, and Willlams, F. E., An ice-eroded fiord; the mode of origin of
Lynn Canal, Alaska : Geog. Review, vol. 14, pp. §76-596, 1924,

6137—29—4
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rian by Chapin, before the presence of Ordovician beds in the Ketchi-

kan district was known.

Their relation to the Ordovician beds has

not yet been ascertained. The group as mapped may be in part pre-
Ordovician and it may in part include Silurian beds or even some
Devonian, owing to a failure to recognize and properly separate the
Devonian. Other metamorphic rocks, mapped as the “Wrangell-
Revillagigedo belt of metamorphic rocks,” probably range in age
from Ordovician to Jurassic or later.

Stratigraphic sequence in southeastern Alaske
.[By A. ¥, Buddington and Theodore Chapin]

Thick-
System Series Character ness Distribution
(feet)
Chiefly sand and gravel deposited
by streams.
Mount Edgecombe, Kruzof Is-
. land; Canon Creek and_ Blue
P Basaltic lava and tuff, River, tributary to Unuk
é’ River; Revillagigedo Island;
= mainland, Ketchikan district.
§
[« 4
Douglas Island, Funter Bay,
X . Port Snettisham, Wrangell,
Glacial drift and marine bench Gravina Island, Salmon River
and terrace deposits of inter- at head of Portland Canal,
stratified gravel, sand, and clay. west coast Prince of Wales
Island, Stikine River.
‘Unconformity:
Conglomerate, sandstone, and | 1,000+| Lituya Bay.
. shale, with coal seams.
Plocene (?). | e oo e e
Basaltic and obsidian lava. Suemez Island.
Unconformity
- Basaltic and andesitic lava with
glinox; amgunts t])f intertbedded
reccia and conglomerate, asso- .
ciated with thin coal seams.at | 2,500 Kupresnof  RKuiu, and = Ad-
Murder Cove, Admiralty Is- iralty Islands.
5 land. Tentatively assigned' to :
& Eocene. o
S :
D
E‘ .
Rhyolitic and andesitic volcanic 1, 5004 QGravina, Zarembo, Kupreanof,
Eocene. rocks and conglomerate. ’ and Kuiu Islands.
Coarse sandstone with basal and
intercalated beds of conglomer- . .
ate. Associated with thin coal Coal Bay, Prince of Wales Is-
seams in Port Camden, Kuiu | | 50, +| land; Union Bay, Cleveland
Island; Hamilton Bay, Kupre- | Peninsula; Kupreanof, Kuiu,
anof Island; Kootznahoo Inlet, and Admiralty Islands.
Admiralty Island; and Coal
Bay, Prince of Wales Island.
Unconformity-
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Stratigraphic sequence in Southeastern Alaska—Continued

Thick-
System Series Character ness Distribution
(feet)

& . Pybus and Herring Bays, Ad-

7 Slate and graywacke, with a few + . !

3 chert nodules and thin layers miralty Island; northern part

8 Lower C(f?‘;ta’ of impure limestone; locally ‘])3[ Ku}%l;et]motIIlslagd,GBocky

ceous (7). i ’ ‘ ay, olin Island; Gravina

2 g;&%e}ﬁ?’rcal&ted beds of con Island; and northwest part of

& . Annette Island.

. East side of Lynn Canal; Doug-

Schistose greenstone; porphyry las Island; Glass Peninsula,

breccia, predominantly horn- Admiralty Island; Fanshaw

. blende, rarely augite, with in- Peninsula; Vank Island; Anita

3 tercalated beds of tuff, lava Bay, Etolin Island; Onslow

§ flows, black slate, and gray- Island; Cleveland Peninsula;

8 wacke. Gravina and Annette Islands;

2 Cape Fox.

&)

P USSR (RO emmememeacesccmeceeescaasesman—. -

(<]

2 Graywacke, dark-gray slate, and :

2 conglomerate with sparse inter- Point Young, Seymour Canal,

5 calated beds of tuff and thin Admiralty Island; Fanshaw

=4 layers of impure limestone. Peninsula; north end Kupre-
May be in part the same as the anof Island; west coast Chicha-
Lower Cretaceous () slate and gof Island; Salmon River dis
graywacke. trict.,

-Unconformity
Andesitic rocks, including breccia
with'limestone matrix and lava N enst sids of Humitton
flows (in part with pillow struc- | 1, 4004 BS " ,ﬁms d f 1° d.aml ton
ture), locally interbedded with ’;{' id °‘;“Kui SI“? a north-
. slate and other sediments. east side of Rulu Island.

=3 N

‘A Upper Trias- |_. .

2 sic. ‘Unconformity

> . It .

3 Conglomerate, sandstone, and Gravina,  Revillagigedo, and
limestone; in the Ketchikan |1 eno | Amgﬁtte {s]an((lis; iK%u Islets;
district includes considerable | ™ ?s%;n(r’,?yb?l% Bgy Agg{iiglllfy
black slate in upper pert. Islandf Screen Islands.

‘Unconformity
Saginaw Bay, north side of Kuiu
. Thick-bedded limestone; with sland; Keku Islets; Pybus
common to abundant intercal- | 1,000 and Gambier Bays, Admiralty
ated layers of white chert. Island; eastern end of Suemez
Island; Taku Harbor.
Permian,  [cemomomcememeemmceceeeccmecmeeea oo mmme e el
. : ~ Saginaw Bay, north side Kuiu
Conglomerate,.lgmestoneﬁ sand Island; Keku Islets; Snettis-

9 stone, andesitic and basaltic | 3 goo.| ham ' Peninsula, mainland;
ava, tuff, and, locally, rhyo- | ¥ ; . \ ’

2 litic voleanic rocks, g;’;‘g’m Harbor, Admiralty

E

3 ‘Unconformity

E . .

Pennsyl- : PR Soda Bay, west coast of Prince of

o vanian (). White massive limestone. 100+ ““ales Tsland.

Suemez, Madre de Dios, and

Interbedded coarsely crystalline Robber Islands; Soda Bay,

Mississip- limestone and black chert, over- Prince of Wales Island; Kla-
piaa;ls P lain by interlayered dense gray | 1,000 wak; Saginaw Bay, Kuiu

quartzite and cherty limestone;.

sparse conglomerate.

Island; Iyoukeen Peninsuls,
Freshwater Bay, and Port

Frederick, Chichagof Island.
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Stratigraphic sequence in southeastern Alaska—Continued

Thick-
System Series Character ness Distribution
(feet) .
s G e |~- - | Freshwater Bay, Chichagof
Upper De. | Bosalt, andesite (in part pillow Island; Suemez and San Juan
vonian. ;%ggé' slt:t%’ agﬁ%ﬁg&@?&% 1,000 Bautista Islands; northern part
4 4 . of Kupreanof Island.
............... -Unconformity (?)
Lc.%g ansd R?ﬁgd Es]a(n}t]is, K%saan
ay; San Alberto, Clam, Coro-
Limestone. 600+ nados, and Fish Egg Islands;
north end of Kupreanof Island.
]
'E Andesitic green to gray tuff (lo- | 2,400+ Northwest side of Kupreanof
°© cally cherty) and graywacke, Island, islands in Saginaw Bay,
3 with locally, fine conglomeratic Kuiu Island; Prince of Wales
o] layers, intercalated limestone, Island.
and 8 minor amount of ande-
sitic lava and breccia. .
§ Andesitic lava (in_part pillow | 2,000 | Prince of Wales, Dall, Sukkwan
Middle De- lava), breceia, tuff, conglomer- Baker, Suemez, and Noyes
vonian. ate, and, locally, rhyolitic lava. Islands.

Interbedded limestone, slate, |....._.. Duncan Canal and northwest,
chert, andesitic lava, breccia, end Kupreanof Island; north
tuff, and, locally, conglomerate. il?e gf Noyes Island; Baker

. sland.

Conglomerateand graywacke-like | 2,000 | San Christoval Channel, head of
sandstone, with, locally, inter- San Alberto Bay, north side
bedded limestone. San Fernando and Lulu

Islands.

Unconformity

Green-gray graywacke with "
spa};s?1 gogglo(inerate beds. In(i . N{’;&% hTag“};{rg‘c%:Sis:gVealel%:::
terbedded red, green-gray, and | 5, 000 i Bav h

. gray graywacﬁe~1ike sandétonp ﬁ;‘ndBay’ east end Heceta
with a small amount of shale. :

Green-gray shale with interca- .
lated red beds and thin-layered 500+ West of Edna Bay, south side of
fine-grained gray sandstone, Kosciusko Island.
shale, and dense limestone.

Predominantly thick-bedded Dall Island; north part of Prince

. dense limestone; intercalated 4 "
g : : - Heceta, and Tuxekan Islands;
a with thick beds of coarse con southwest side of Saginaw Ba,
g glomerate, thin-layered lime- '8 1y
E| 8" 1 4 5004] and locally on east side of Kuiu
a3 stone, nodular and shaly argil- | * Island: Kashevarof Islands
@ laceous_limestone, and sand- Tenakee Inlet and Freshwater

' stone. Limestone, 3,000 + feet; Bay, Chichagof Island: Glacier

conglomerate, 1,500 == feet. Bag' 3 d

Andesite (in part pillow lava) and .
andesite porphyry lava; con- Kashevarof Islands; Prince of
glomerate; with some associated | 3,000+ Wales Island; El Capitan Pas-
graywacke, tuff, breccia, and sage; Kuiuand Sumner Islands.
limestone.

~Unconformity (?)

Indurated graywacke with asso- San Fernando, Lulu, Dall, and
ciated black slate and sparse Noyes Islands; Klakas Inlet,

.~ conglomerate and limy- sedi- Prince of Wales Island; Glacier
ments. - Bay (7). .

Unconformity (?)

g~

e Baw -
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Stratigraphic sequence in southeastern Alaska—Continued

. Thick-
System Series Character ness Distribution
(feet)
Indurated graywacke with asso-
Middle Or- | ciated black slate and sparse Thorne,Stevenson Lulu, Heceta,
dovician conglomerate and limy beds; and Kuiu Is]ands E] Capitan
g : locally andesitic pillow-lavaand Passage and Klawak Salt Lake.
3 voleanic rocks.
2
I Thin-layered black chert with Kuiu, Lulu, and San Fernando
Lower Ordo- black graptolitic slate partings, Islands; mouth of Klawak Salt
vician. graywacke, and, locally, ande- Lake; head of Van Sants Cove,
sitic volcanic rocks. Kosclusko Island.
gé.g Greenstone schist with interca-
b g W(ales group ngfg&:ﬁ;nterbedded limestone. LorfngIsgimd émlc)i 'lsout;hefmW pt}rt
Soo metamor- ik i th : of Dall and Prince of Wales
EE% phicrocks). Scﬁ% with beds of limestone and Islands.
Eo = Schist.

GENERAL LITHOLOGY

Voleanic rocks.—Volcanic rocks, predominantly andesite or basalt,
form a considerable part of the Wales group and of the Lower and
Middle Ordovician, Middle and Upper Devonian, lower Permian,
Upper Triassic, Jurassic, Lower Cretaceous (%), Tertiary, and Qua-
ternary divisions. Rhyolite is present but very sparse in the Silurian,
Middle Devonian, and lower Permian but is an important member
of the Eocene and Pliocene (?) volcanic rocks and occurs within the
Wales group.

Many of the volcanic rocks of the Paleozoic and Mesozoic eras
are closely folded and metamorphosed and constitute greenstone
schist, whereas those of the Tertiary are relatively flat-lying and
unaltered. Pillow lava is abundant in the Lower and Middle Ordo-
vician, Silurian, Middle and Upper Devonian, lower Permian, and
Upper Triassic formations, where it is invariably associated with
marine fossils. No pillow lava whatever was found in the Ter-
tiary volcanic flows, which are associated with beds carrying fossil
land plants. These facts suggest that submarine conditions are dis-
tinctly more favorable than land conditions to the development of
pillow structure in basic lava. .

Graywacke—~Aside from the volcanic rocks, sheared graywacke
and slate form the bulk of the rocks classified as Jurassic or Creta-
ceous. Highly indurated graywacke, with a little slate, forms most
of the Ordovician and a considerable part of the Silurian formations.
Massive tuffaceous graywacke of great thickness also forms a large
part of the Devonian formations. Indeed, the vast quantity of
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greenish graywacke with associated slate, possibly over a third of the
total section, is the most striking and peculiar feature of the entire
stratigraphic sequence of southeastern Alaska. Graywacke is found
in every system of the Paleozoic and Mesozoic and in many places
presents a problem of correlation difficult or impossible of solution
without extremely careful detailed work. The abundance of gray-
wacke is doubtless the result of the widespread and active volcanism
throughout most of the geologic time interval represented by forma-
tions in southeastern Alaska.

Sandstone—Relatively clean quartzose sandstone is practically
absent. Red beds of any description are likewise very sparse and
restricted to local areas, such as the west coast of Prince of Wales
Island in the vicinity of Tuxekan, Karheen, and El Capitan Passages,
where beds of graywacke-like red and green sandstone are prominent.
.Some typical consolidated but unmetamorphosed sandstones are
found in the Eocene section.

Limestone—Limestone forms a very considerable part of the
Paleozoic systems with the exception of the Ordovician, but it is
unimportant in the Mesozoic except for the Upper Triassic, and is
absent from the Cenozoic. The most widespread, most uniform, and
thickest formation of limestone is of upper Silurian age, but thick
uniform beds are found also in the Middle Devonian. Cherty lime-
stone of considerable thickness forms a part of the Carboniferous
system. The limestone is almost wholly calcite limestone, and that
of the upper Silurian is for the most part a very high calcite
limestone. : ’

Where the limestone is intruded by stocks of granitoid igneous
rock it is locally metamorphosed to marble. On the mainland and
in the Glacier Bay region most of the limestone has been coarsely
recrystallized as a result of contact metamorphism on a regional
scale due to the vast volume of the intrusive rock.

- Conglomerate—DBeds of coarse cobble and boulder conglomerate
form conspicuous and thick members of the Silurian formations.
They are prominent also in the lower Permian and Tertiary forma-
tions and locally in the Jurassic or Cretaceous. Pebble and coarse
conglomerate beds are also prominent locally at the base of the
Middle Devonian section. A peculiar and characteristic conglomer-
ate composed of andesite and limestone pebbles and cobbles in a
greenish tuffaceous matrix is very common in the Silurian and Mid-
dle Devonian formations associated with the volcanic rocks. Con-
glomerate composed chiefly of lava boulders forms very thick beds
in the Eocene formations.

Intraformational conglomerate.—A characteristic feature of the
Paleozoic systems in southeastern Alaska is the abundance of coarse
waterworn intraformational limestone conglomerate. Beds occur
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in the Silurian, Devonian, lower division of the Permian, and Trias-
sic, in all of which the cobbles of limestone were found to carry the
same fauna as the formation to which the conglomerate belongs.
Limestone conglomerate of intraformational origin occurs in beds 100
feet or more in thickness in the Silurian. The prevalence of intra-
formational conglomerate is probably genetically connected with
movements accompanying local volcanic activity during these periods.

Slate—Black slate and argillite are widely distributed and occur
interbedded or intercalated in practically all the Mesozoic and
Paleozoic formations. Black slate is particularly prominent in the
Jurassic or Cretaceous beds. Rarely shale is present.

Chert—Thin-layered black chert several hundred feet thick
occurs in the Ordovician and Mississippian formations. Thick-bed-
ded chert and cherty tuff occur in the Middle Devonian, intercalated
thin black chert layers are common in the Mississippian limestone,
and layers and beds of white chert are common in the upper Permian
limestones. Chert which has been described by some geologists as
quartzite is locally prominent in association with the lower division
of the Permian beds. Small cherty nodules are found in the Lower
Cretaceous (?) slate.

Phyllite, schist, and gneiss—Two types of metamorphism pre-
vail throughout southeastern Alaska. One has resulted mainly in the
formation of a slaty or schistose foliation in the rocks, without
marked coarse recrystallization or the formation of high-temperature
minerals. It was caused in large part by intense nonuniform
stresses and occurred chiefly in the beds away from large bodies of
the Mesozoic intrusive rocks. The other type affected particularly
a wide belt adjoining the Coast Range batholith. It resulted in
the formation of phyllite, schist, and gneiss, with marked recrystalli-
zation and change in character of the constituent minerals, caused
by the higher temperature and permeating hot solutions attendant
upon the emplacement and solidification of the vast volume of
magma, in addition to nonuniform stresses as intense as those effec-
tive in the other type. The contrast between the rocks produced by
the two types may be illustrated by the slate and schistose green-
stone that are common in the Alexander Archipelago, as compared
with the phyllite and the biotite, hornblende, and garnetiferous
schists in the Wrangell-Revillagigedo belt of rocks of the mainland.

WALES GROUP

By Tuaeopore CHAPIN and A. F. BuppiNgTON

The Wales group comprises a series of metamorphic rocks, includ-
ing crystalline schist, quartzitic and slaty beds, limestone, and green-
stone. The greenstone is predominantly schistose (pl. 16, B), and
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much of the limestone is crumpled (pl. 16, 4), cleaved, and sheared
or metamorphosed to marble. On Prince of Wales Island the Wales
rocks occupy a semicircular area extending across the island from
Dolomi to Sulzer and along the east shore of Hetta Inlet to Lime
Point. The other main area covers all of Long Island, in Cordova
Bay, and the southern part of Dall Island. The stratigraphic
horizons to which the divisions of the group should be assigned are
uncertain, owing to lack of fossils and difficulty in recognizing the
formations because of metamorphism, and formations of more than
one period are very probably included. Their age is probably
Silurian and older, but perhaps some Devonian is included. The
structurally lowest schist members can not be correlated certainly on
lithologic grounds with any beds of the known Ordovician forma-
tions, and they may possibly be of pre-Ordovician age.

. The schists include quartz-mica schist and related types derived
from sedimentary rocks, greenstone schist including epidote and
chlorite schists derived from basic lava flows and tuff, and some light-
colored schist derived from altered rhyolitic volecanic rocks. Both
tuffaceous rocks and flows are interbedded with limestone which
passes into the greenstone schist by an increasing amount of inter-
calated igneous material. Slate and other argillaceous rocks are
interbedded with mica schist and greenstone. The limestones are
white crystalline rocks and contain many beds of workable marble.
Where they are interbedded with igneous rocks a great variety of
colored and variegated marbles have been formed.

The base of the Wales group is nowhere evident. The lowest part
exposed is a thick series of crystalline schist, predominantly of sedi-
mentary origin but containing beds of limestone and altered basic
and rhyolitic volcanic rocks. In the upper part of the schist series
limestone is more abundant and ranges in thickness from less than
100 feet to more than 1,000 feet. There is at least one thick massive
bed of pure limestone several hundred feet thick and a great many
smaller ones. In its upper part the limestone contains a great deal of
intercalated greenstone tuff into which the limestone member seems
to grade. The general sequence is schist, schist and limestone, lime-
stone, greenstone and limestone, in a gradationally conformable
series in which the limestone intergrades with both schist and green-
stone. The greenstone schist associated with the limestone is largely
altered to secondary quartz, epidote, chlorite, hornblende, calcite,
mica, zoisite, talc, serpentinous material, and other secondary
minerals.

The schists were originally sandstone, shale, lava flows, and tuff.
They are interbedded with the limestone and were evidently laid
down on the sea bottom. The greenstone probably represents sub-
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marine lava flows and volcanic ejectments collected in the sea. Even
the coarser tuff and breccia are well stratified and apparently water-
laid. The alteration of these rocks is regarded as largely regional
metamorphism produced by tectonic forces, in combination with
magmatic intrusions. The intrusive rocks are only partly exposecd
at the present surface. ]

In 1925 Buddington spent 18 days in mapping the formations along
the west coast of Dall Island. His observations follow. In the
southern half of the island the oldest rocks are almost exclusively
schist, which forms a belt through the center of the island from a
point midway between Port Bazan and American Bay southeastward
through the Essowah Lakes and the head of Security Cove to and
including the Cape Muzon peninsula and McLeod Bay. The schist
is light colored and includes very little if any limestone. A belt of
light-colored feldspathic quartz schist forms the island and adjacent
headland on the north side of McLeod Bay. It can be traced north-
ward as far as the mountains at the head of Port Bazan and crops
out also along the shore at the head of Security Cove. This schist
can be identified in part as highly sheared, plicated, and folded rhyo-
lite porphyry, and it is probable that a considerable part of this
belt consists of metamorphosed rhyolitic volcanic rocks. Biotite
metacrysts are common and, locally, crushed phenocrysts of plagio-
clase, orthoclase, and quartz. The Cape Muzon Peninsula consists
almost wholly of thick-bedded schist with a very little limestone.
The schist comprises quartzite schist, dark micaceous siliceous schist,
and, locally, black hornblende schist. Dikes of quartz diorite, also
pegmatite and aplite, are common. Locally black graphitic phyllite
is present.

The schist core of the south end of the island is flanked on each
side by a belt of schist with intercalated or interbedded limestone.
The schist comprises light-gray to greenish quartzose varieties,
sericitic schist, and greenstone schist, the last in minor amount.

North of Port Bazan the belt of schist and limestone is overlain
by a thick band of limestone with intercalated schist in minor
amount. This passes upward into schist.and limestone, the schist
largely of greenstone origin, and then into greenstone schist with
only a little limestone. A similar belt of greenstone and limestone
forms the area between the bay north of American Bay and Coco
Harbor.

In the schist derived from sedimentary rocks quartz is the pre-
dominant mineral, though feldspar, epidote, and mica (sericite and
biotite of two kinds, one a dark green) are in places very abundant.
Garnet, sillimanite, hornblende, magnetite, and pyrite are common
accessory minerals.
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The limestone is in general fine-grained crystalline material.

The greenstone schist associated with the limestone is largely
altered to secondary quartz, epidote, chlorite, calcite, hornblende,
mica, zoisite, talc, serpentine, and other secondary minerals, which
have entirely replaced the original minerals of the rock.

On American Bay there are beds of crystalline schist with large
radiating clusters of hornblende crystals on the foliation planes in
a light-colored groundmass composed of quartz with sillimanite or
of plagioclase, muscovite, and epidote. Associated beds consist essen-
tially of hornblende and epidote, feldspathic quartz-mica schist, horn-
blende schist, and mica schist, with many narrow quartz seams paral-
lel to the foliation planes, and beds of dense limestone.

The schist on the east coast of Dall Island south of the harbor
north of American Bay has the appearance of having been formed as
a result of metamorphism associated with igneous intrusions. This
applies also to the beds on the west side of the island as far north as
Port Bazan. There are a number of small intrusive dikes and sills
throughout this belt and, locally, an injection gneiss. In the bay
south of Gooseneck Harbor, in Gooseneck Harbor, and in Coco Har-
bor and Rose Inlet the pronounced metamorphism found is the effect
of dynamic metamorphism only. The relative sparseness of exposed
intrusive masses, however, is in contrast to the widespread crystal-
linity of the schist, and more extensive bodies of intrusive rocks
doubtless underlie the south end of the island at no great depth
The limestone beds between Cape Lookout and View Cove and
between Diver Islands and Eolus Point are believed to belong to the
same formation. The limestone of the southern band is foliated, and
that of the northern band is practically massive, indicating that the
dynamic metamorphism decreased toward the north.

Chapin considered the limestone of the belt between Waterfall
Bay and Grace Harbor a member of the Wales group, but Buddington
questions this. The rock is foliated and metamorphosed but not
more so than the similar bed of limestone extending from the Diver
Islands to Eolus Point. The latter Chapin considered to be of
Silurian age, as it occupies a synclinal relation with respect to fossil-
iferous Silurian slate. The limestone of Waterfall Bay Chapin con-
sidered to be overlain by the greenstone and limestone of the Wales
group. The strike and dip of the greenstone would indeed appear
to indicate that the limestone bears an anticlinal relation to it; but
the lithology of the limestone and the presence of crinoids ally it to
the limestone of Silurian age on Dall Island, and it has been mapped
as such by Buddington. The extension of this belt of limestone to
the southeast through Long Island and also the belt along the north-
east coast of Long Island have been mapped as Silurian by Budding-
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‘ton, though originally assigned to the Wales group by Chapin. If
‘the greenstone does overlie the limestone belt near Waterfall Bay
it is probably of Devonian age and does not belong to the Wales
.group. The actual relations are not known.

The fossils collected from the rocks of the Wales group were
examined by Edwin Kirk, who reports as follows:

15 ACh 150. East coast of Prince of Wales Island, 5 miles south of Chasina
Point :

Organic remains are present, but it is impossible to determine what they
are. .

15 ACh 192. Lime Point, Prince of Wales Island:

Possibly fragments of coral but not determinable. Lithologic appearance
like Silurian.

15 ACh 66. Cholmondeley Sound, first cove West of Cannery:

Crinoid columnals. Paleozoic.

The lithology and poorly preserved fossils are not diagnostic but
suggest that some of the limestone intercalated with the greenstone
schist is of Silurian age. The schist and the schist and limestone
are pre-Silurian but are not lithologically similar to the known
Ordovician beds and may be of pre-Ordovician age.

WRANGELL-REVILLAGIGEDO BELT OF METAMORPHIC ROCKS
CHARACTER AND DISTRIBUTION

A great belt of metamorphic rocks occurs adjacent to the Coast
Range batholith. It includes injection gneiss; crystalline schist with
interbedded marble or medium to coarsely crystalline limestone;
schistose greenstone and green phyllite with interbedded black and
gray sericitic slaty phyllite and, locally, sparse limestone and schistose
chert; phyllite with interbedded black slate; and, intermingled in
all to a minor or major extent, intrusive masses of quartz diorite
(with variations toward granodiorite). These rocks are for conven-
ience called the Wrangell-Revillagigedo belt of metamorphic rocks, in
contradistinction to the Wales group of metamorphic rocks, which is
restricted to Long Island and the southern part of Prince of Wales
and Dall Islands.

The belt is in general narrower at the north, with relatively fewer
masses of intrusive rock, and pinches out toward the northwest; in
the vicinity of Thomas Bay and the Lindenberg Peninsula the
number of intrusive masses is much greater, and their volume in-
creases toward the southeast, where the belt is wider. The Coast
Range batholith probably underlies the southern part of the belt more
or less continuously at no great depth. The present surface relations
are comparable to those that would appear if the batholith at the
southeast end of the metamorphic belt had a highly irregular but
gentle surface slope to the southwest beneath the belt.
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At the south end of the belt in the vicinity of Revillagigedo Is-
land and Bradfield Canal there is a width of 30 to 35 miles, measured
across the strike, of intermingled schist, injection gneiss, and intru-
sive quartz diorite; near Wrangell there is 15 miles of phyllite,
crystalline schist, and gneiss, with some intrusive masses of quartz
diorite; along Thomas Bay, 6 miles of phyllite, schist, and gneiss,
or, if the phyllitic rocks of the Lindenberg Peninsula are included,
20 miles. On the mainland the width of phyllite and crystalline
schist, measured across the strike, is 15 miles in the vicinity of Port
Houghton, 10 miles near Endicott Arm, 5 miles near Holkham Bay,
3 miles at Taku Inlet, and 2 miles in the Eagle River region.

Much of the western boundary of the Wrangell-Revillagigedo belt
of metamorphic rocks is formed by the resistant Mesozoic green-
stone, as along Revillagigedo Channel, Gravina Island, the west
side of Cleveland Peninsula, the west side of Etolin Island, Glass
Peninsula, Onslow Island, and Douglas Island. It is not, however,
a natural boundary, for the contact type of metamorphism fades out
gradually, though very irregularly, toward the areas with the least
number of intrusive bodies. The irregularity is in part caused by
the great differences in strength and character of yielding or re-
sponse to stress of the very different lithologic units and by the
localization of shear zones. '

The rocks of the belt are the result of contact metamorphism on a
regional scale combined with the effects of dynamic metamorphism,
or'intense stress. Rocks that have been mechanically metamorphosed
and sheared and schist that has been dynamically metamorphosed
under intermediate temperature are very common in the islands to
the west of this belt of metamorphic rocks; but outside the belt
highly crystalline schist and marble are restricted to local zones
adjacent to intrusive bodies.

The crystalline schist of the Wrangell-Revillagigedo metamor-
phic belt comprises in general varieties of hornblende and felds-
pathic hornblende schist, micaceous quartz schist, garnetiferous
quartz-mica schist, and quartz-feldspar schist. Sillimanitic schist
is found occasionally. Garnetiferous, staurolitic, cyanitic, and ottre-
litic phyllites are locally abundant.

The map of the southeastern part of the the Ketchikan district by
Wright *® does not discriminate between gneiss and schist; the
boundary lines between these rocks as shown on Plate 1 of this re-
port are therefore based merely on Wright’s descriptions and on the
general relation of the rocks to the number and volume of the in-
trusive masses.

5 Wright, F. E., The Ketchikan and Wrangell mining districts, Alaska: U. S. Geol.
Survey Bull. 347, pl. 2, 1908.
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Injection gneiss forms a belt between the crystalline schist and
the main batholith on Thomas Bay and to the southeast or is inter-
mixed with the outlying intrusive masses in the southern part of
the belt; but north of Thomas Bay it practically dies out west of the
batholith and is restricted to bands within the batholith. On Port
Snettisham the injection gneiss adjacent to the border of the batho-
lith is only 600 feet wide, whereas on Thomas and Le Conte Bays
and on Stikine River it is 114 miles wide.

The veins associated with the belts of rocks that show varying .
degrees of metamorphism show a corresponding progressive change
in general character as the batholith is approached. In the dynami-
cally metamorphosed but relatively slightly recrystallized rocks in
the Juneau and Funter Bay-Hawk Inlet gold belts and in the slate
and schistose greenstone of the Prince of Wales Island belt the
quartz veins are commonly milky, with some associated carbonates,
and are in places metallized with sulphides or free gold or both. In
the belt of phyllite the quartz veins are predominantly milky, with
some carbonates, and only a few are metalliferous. In the crystal-
line schist the quartz veins are usually glassy and thin lenticular,
and many of them form injection schist. In the belt of injection
gneiss adjacent to the main batholith the veins or vein dikes are
aplitic or pegmatitic, and oligoclase is one of their major constitu-
ents in addition to quartz and potash feldspar. The injection gneisses
are thus mixed rocks consisting in part of igneous material and in
part of recrystallized and altered sediments.

The predominant new mineral formed in the early stages of meta-
morphism is mica, with which are associated disseminated graphitic
dust, and locally garnet and ottrelite. Andalusite is commonly asso-
ciated with muscovite, which in part replaces it and is wholly re-
stricted to local contacts of small intrusive bodies with slate.

The phyllite and crystalline schist consist of biotite, muscovite,
quartz, cyanite, staurolite, garnet, sillimanite, and feldspar in the
light-colored varieties and of hornblende, quartz, andesine, oligoclase,
garnet, and calcite in the dark-colored varieties. The graphitic dust
tends to be segregated in streaks, threads, clots, or lenses. Silli-
manite -occurs only in the crystalline schist where there has been
intense metamorphism. Cyanite later in origin than the sillimanite
is found occasionally. Cyanite, staurolite, and garnet occur pre-
dominantly as metacrysts but are in small part oriented parallel to
the foliation. Biotite, muscovite, and hornblende are predominantly
oriented parallel to the foliation but here and there, espécially
biotite, occur also as metacrysts. One specimen shows epidote in
rods and grains contemporaneous with biotite and quartz and ori-
ented parallel to the foliation. Magnetite and pyrrhotite are com-
mon accessory minerals and usually occur in irregular elongate blebs
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parallel to the foliation. Pyrite and magnetite also occur as dis-

seminated crystals. The sulphides are in part later than the silicates.

and occur along fractures.

In the injection gneiss the graphite is in crystalline flakes inter-
grown with biotite or disseminated through the rock with orientation
parallel to the cleavage. The aluminum silicate minerals, such. as.
andalusite, cyanite, sillimanite, staurolite, and ottrelite, are wholly
absent from the injection gneiss, presumably because of reaction with
the permeating alkalic solutions. Rarely, adjacent to or within
aplite veins the hornblende of the injected hornblende schist has
been altered to pyroxene. Garnet, though one of the early metamor-
phic minerals to form, is found through the entire range of meta-
morphic environment and is even common in the form of disseminated
crystals in the igneous rocks themselves where they have disintegrated
and reacted with schist inclusions, though it may have persisted here
as an unstable relic.

Tourmaline is sparse to abundant as minute crystals in the phyllite
and crystalline schist but is practically missing from the injection
gneiss, pegmatite, and igneous intrusive rocks. Apatite, on the other
hand, is more abundant in the crystalline schist and injection gneiss
than in the phyllite. The magmatic solutions appear therefore to
have carried the tourmaline to greater distances than the apatite
before depositing their load. The tourmaline occurs as perfectly

+ formed crystals apparently replacing any or all of the other minerals

and later than the foliation.
KETCHIKAN DISTRICT

Westgate ° has given the following descriptions of the rocks and
their relations at the south end of the Wrangell-Revillagigedo belt of
metamorphic rocks:

The following rock varieties occur within the metamorphic complex: Bio-
tite gneiss, mica schist, quartzite and quartzitic schist, crystalline limestone,
calcareous schist and gneiss, and phyllite. These are all metamorphosed sedi-
ments, so thoroughly metamorphosed that not a trace of original fragmental
structure or of fossils has been found in them east of Behm Canal. Amphibo-
lite is also included within the complex, although its relations to the other
rocks are uncertain. ]

A belt of gneiss and schist with interbedded crystalline limestone and quart:-
ite lies between the belts of greenstone east of Revillagigedo Channel and the
diorite of the Coast Range batholith. The western boundary against the green-
stone is sharply defined. The eastern boundary against the diorite is much
harder to draw because the transition is through a broad belt in which the
diorite has penetrated the metamorphic rocks along their structural planes in
broad dikelike bands, giving a lit-par-lit structure on an immense scale., As

57 Westgate, L. G., The geology and mineral resources of the area east of Behm Canal
(unpublished manuscript).

.
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one passes from the metamorphic rocks northeast he goes from an area of es-
sentially all metamorphosed sediments through a belt with an increasing
amount of quartz diorite in bands between the successive strips of metamorphic
rocks until he comes to an area where the rock is a quartz diorite but still
contains isolated bands of metamorphic rocks. Still farther northeast is the
pure quartz diorite. This progress is irregular rather than steady; along the
Boca de Quadra the transition belt is 10 miles in width.

Biotite gneiss—Biotite gneiss is the most common rock of the metamorphic
complex. The most characteristic variety is a red biotite gneiss, usually well
bedded and rusty in outcrop. Freshly broken pieces are reddish gray, fiue
grained, and indistinctly bedded. Biotite is abundant in oriented separate
flakes. The microscope shows quartz, plagioclase (oligoclase-andesine), no
orthoclase, and chestnut-red biotite. Garnet occurs in irregular orbicular
graing. Graphite is common with the biotite. Pyrite occurs abundantly in
crystals filmed with hematite and has caused the rusty color of the weathered
ledges. Apatite and zircon are also present as accessories. The average size
of grain is 0.25 to 0.5 millimeter; the texture is mosaic; no granulation i
found. Though the biotite gneiss shows no trace of original fragmental
structure, its constant association with limestone and the general presence of
graphite make its sedimentary origin reasonably certain.

With this red biotite gneiss are other varieties, less constant in mineral char-
acter. Some are more banded (possibly injection gneisses), carry muscovite
or hornblende, and tend toward schist. Some of these, like the red biotite
¢neiss, carry abundant graphite.

Mica schist and phyllite—Mica schist is one of the common types of the
metamorphic complex. It ranges from nearly white to dark gray in color.
Lenses and bands of quartz are in places abundantly developed in the structure
planes of the rock. The most abundant minerals are muscovite, biotite, and
quartz; hornblende and chlorite are less abundant. Garnet is common, and
sillimanite, staurolite, pyrite, and black carbonaceous matter are also present.
The rocks are closely folded at many places.

Along the west side of Kanagunut Island, at its north end, the schist gives
place to black thin-bedded and evenly laminated phyllite. This is exceptional
in the metamorphic complex.

Quartzite—At several points in the general vicinity of Kah Shakes Cove beds
of massive, nearly pure quartzite occur. The rock is light gray to white,
glassy, with an indistinct cleavage marked with small amounts of sericite,
green mica, and limonite. The thin section shows a mosaic of sutured grains
of quartz as much as 1 millimeter in size and a few small flakes of white mica.
No sand grains are recognized.

Besides the pure quartzite, rocks are found intermediate between quartzite
and gneiss and schist-—quartzose gneiss and schist.

Crystatline limestone—Beds of crystalline limestone a few feet to perhaps
several hundred feet in thickness occur within the metamorphic complex.
They are most abundant in a belt which makes the shore of Revillagigedo
Channel for 3 miles, beginning at a point 114 miles south of Point Sykes. The
belt bears inland and comes to the shore of Boca de Quadra at Quadra Point
It is well developed on Kah Shakes Cove and farther south along Very Inlet.
Beyond that it was not traced. The belt is not exclusively limestone but in-
cludes limestone in beds of such size and number that it can fairly be mapped
us a limestone band. It is impossible to say to what extent the different lime-
stone bands represent different beds and to what extent they are repeated by
tolding. Outside this mapped belt narrow bands of limestone are found at
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many places in the gneiss, even in the narrow bands of metamorphic rocks
that exist as xenoliths cut in the granite. The rock in the ledge is a cream-
colored coarse-grained rock; on the freshly broken surface it is white or gray-
white, in places averaging a quarter of an inch in size of grain. The rock is
qQuite pure and almost wholly without metamorphic lime silicates.

Calcareous gneiss and schist.—Calcareous gneiss passing into schist is
associated with the limestone at Kah Shakes Cove and to the northwest, on
the shore of Behm Canal. The constituent minerals are quartz, in places feld-
spar (usually plagioclase, though orthoclase occurs), calcite, muscovite, com-
monly chlorite, biotite, and hornblende. Zoisite and colorless epidote are
abundant in grains and short columnar crystals. The accessory minerals that
may occur are titanite, rutile, garnet, apatite, magnetite, pyrite, and zircon.
The rocks are clearly metamorphosed calcareous sediments or impure lime-
stone and mark a gradation from limestone into gneiss. In the field alternating
beds of pure limestone and calcareous gneiss and schist are common.

Amphibolite—Amphibolite is abundant in a belt which can be followed from
‘Sitk]an Island north-northeastward by Naket Inlet, Vixen Bay, Weasel Cove,
and Badger Bay to the shore of Behm Canal, near the entrance of Smeaton
Bay. Between Weasel Cove and Behm Canal the belt appears to separate into
two, one of which comes to Behm Canal south of Point Nelson, the other east
of Point Nelson in Smeaton Bay. The former is continued by amphibolite
bands on the west shore of Behm Canal north of Smeaton Island.

Amphibolite does not constitute the whole of this belt but occurs in bands
as much as several hundred feet wide in the schist and gneiss of the meta-
morphic complex and with the gneissoid diorite of the batholith. Four miles
south of Point Sykes it is interbedded in limestone. It is dark gray to black,
well bedded, much of it platy and breaking into thin slabs. The banding strikes
north-northeast with the course of the belt and has commonly a steep eastward
dip, though in places vertical or even steep west.

In hand specimens the amphibolite is dark gray to black and of fine grain
(1 to 2 millimeters). It contains commonly hornblende, plagioclase (oligo-
clase-andesine), biotite, epidote, and quartz. Accessory minerals that may be
present are apatite, magnetite, titanite, rutile, zircon, and pyrite. They are
allotriomorphic granular in texture and show no evidences of crushing.

The amphibolite is older than the diorite, which cuts it in lit-par-lit fashion
on both alarge and a small scale. At places on Smeaton Bay alternating bands
are only an inch or two in width. The diorite also cuts the amphibolite irregu-
larly, producing a breccia of dark rock cemented by the diorite.

The relations of the amphibolite to the other members of the metamorphic
complex are not clear. From its mineral character and general field appearance
it is believed to be an igneous rock rather than a member of a sedimentary
geries. It is then intrusive into the metamorphic rocks. Whether it represents
a distinct intrusion from the diorite or an earlier intrusion belonging to the
general magmatic period of the diorite was not determined.

Along Ernest Sound and Bradfield Canal there are good exposures
of the metamorphic rocks showing all gradations from slate and
phyllite on the southwest to injection and relic gneisses on the north-
east.

The western border of the belt is taken to be the highly schistose
to massive greenstone of Lemesurier Point and Onslow Island.
Between the diorite mass of Etolin Island and the quartz diorite of
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Eaton Point there is a belt of phyllitic beds including sheared sand-
stone, phyllitic graywacke, and phyllite. Adjacent to the greenstone
on Union Bay there are beds of slate with a 150-foot bed of lime-
stone. The phyllite is gray, and much of it has a paper-thin fissility;
it is cross crinkled and very susceptible to weathering and erosion.
Near the pyroxenite and diorite mass on Union Bay there is a local
contact zone of more intense metamorphism where the beds are
severely contorted, puckered, sheared, and injected by aplitic veins.
The sandstone is changed to mica schist, and calcareous nodules to
banded zoisite and epidotic quartzite. Within the phyllite there is
conspicuous evidence of isoclinal folding with very steep axes. Beds
with garnet or biotite metacrysts are present but rare. Toward the
Eaton Point mass of quartz diorite the phyllite shows the effects of
sintering and baking and becomes harder, and many beds contain
biotite metacrysts. Adjacent to the intrusive mass itself the beds are
injected by abundant quartz veinlets.

Northeast of the phyllite is a belt characterized by crystalline
schist and beds intermediate between schist and phyllite. This belt
includes the beds between the quartz diorite masses of Eaton Point
and Santa Ana Inlet, the borders of Brownson and Deer Islands,
and the southern half of Wrangell Island.

Between Eaton Point and Santa Ana Inlet the rocks are predom-
inantly quartz schist with intercalated layers and beds of cyanite
schist. Thin layers of hornblendic quartzite and local beds of
staurolite and garnetiferous schist are present. Muscovite eyes are
abundant in much of the schist. On Deer Island the rock predom-
inant around the quartz diorite mass is a quartz-mica rock inter-
mediate between a phyllite and a schist with beds and layers of
garnet-sillimanite-mica schist. The sillimanite crystals in many of
the beds average an inch in length and are very conspicuous. ' A few
of them are 6 inches or more in length. At Point Peters staurolite
crystals are associated with the sillimanite. At the northeast end
of the island zones several feet wide shot through with glassy quartz
veins and knots are common, and at the southeast end many narrow
pegmatite veins and sills of quartz diorite are intruded in the schist.
Some of the veins are crumpled with the schist.

On the south end of Wrangell Island and along Zimovia Straits
there are thick beds of quartz-mica phyllite and a series of thin-
bedded quartz-mica phyllite interbedded with staurolitic phyllite.
Along Zimovia Straits staurolite, cyanite, and cyanite-staurolite
phyllite are interbedded with micaceous quartz phyllite. North of
Deserted Village, where the phyllite dbuts against a mass of quartz
diorite, sillimanite schist is formed. Amphibole layers are common,
and near intrusive masses the crystallinity is noticeably increased.

6137—29——756
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East of the belt characterized by beds intermediate between

phyllite and schist, along Bradfield Canal as far east as Duck Island,
there is a belt of crystalline schist, marble, and injection gneiss.
- The marble and interbedded schist.are exposed on the flanks of the
nose of a northwestward-pitching overturned anticlinal fold whose
axial plane dips steeply northeast. The marble is exposed on the
shore of Humpback Bay, where it has a northwest strike; it appears
again on Ham Island in Blake Channel, and extends to the east for
several miles a little north of the shores of Bradfield Canal. Along
Bradfield Canal as far east as the intrusive mass of Mount Kapho
the predominant rocks are aplitic or pegmatitic quartzose micaceous
or hornblendic injection gneiss with here and there sills of grano-
diorite. The rocks for several miles west of Duck Island consist
dominantly of amphibolite injection gneiss, with associated quartz-
mica injection gneiss, hornblende schist, thin beds of marble, and
sills of granodiorite. The amphibolite injection gneiss ranges in
composition from.beds of hornblende schist or coarse amphibolite
several hundred feet thick, with sparse pegmatite veins, to beds in
which pegmatite veins form almost the entire rock, but beds inter-
mediate in composition are the most abundant. The pegmatite veins
at some places are as much as a score of feet in width and contain
muscovite and biotite as accessories. The beds of marble range from
several feet to a score of feet in thickness. The granodiorite sills
are also injected by pegmatite and are locally garnetiferous as a
result of assimilation. The gneiss has many bands which weather
to a rusty color due to disseminated pyrite and pyrrhotite. The
quartz-mica varieties usually have intercalated beds of hornblende
schist or hornblende injection gneiss and marble.

At the'head of Bradfield Canal, within the outer edge of the main
batholith, is a belt of mixed gneiss with several thin beds of marble.
The mixed gneiss consists of relic injection gneiss and thick sheets of
quartz diorite. Rusty-weathering beds are common. The relic injec-
tion gneiss is the result of the almost complete disintegration of a belt
of schist by intrusive pegmatitic material, so that only relics of the
original matter are left. On some large surfaces a coarse breccia
structure is very evident, yet the rock is almost wholly pegmatite,
and only a ghost of the original blocks of schist remains to tell the
story of their former presence. To the west of the belt of mixed
gneiss the quartz diorite contains layers of gneiss and thin beds of
marble. Where thus interbanded with sedimentary material peg-
matite veins roughly parallel to the foliation of the quartz diorite
are abundant. In masses of the quartz diorite that are more uni-
form, with a less pronounced gneissic structure, the veins of pegma-
tite are sparse and do not conform to the foliation but cut across
and intersect at sharp angles.
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“VICINITY OF WRANGELL ISLAND

Along Stikine Straits, the north end of Wrangell Island, and Mill
Creek, Virginia Lake, and Porterfield Creek on the mainland the
increase in the intensity of metamorphism toward the Coast Range
batholith is again well shown.

The beds at the northwest end of Etolin Island consist of black
slate, sheared graywacke, and sheared to massive greenstone, pro-
duced largely through dynamic metamorphism. The effects of con-
tact metamorphism are shown locally where intrusive stocks are
present. :

On the north end of Wrangell Island, from the cove north of
Chichagof Peak on the west side around to the headland on the east
side of the island that lies southwest of the mouth of Mill Creek
on the mainland, the rocks forming the coast line comprise a series
of recrystallized, more or less foliated, prevailingly gray sandstone,
usually biotitic, with intercalated layers of black slate, much of which
is ottrelitic. The quartzose beds are too much metamorphosed and
recrystallized to be called sandstone, too micaceous and foliated and
in places too impure to be called quartzite, and not so much sheared
and recrystallized as the typical quartz schist farther east, nearer
the mainland batholith. Some of the beds comprising Point She-
kesti are typical micaceous quartz phyllite. Southward along East-
ern Passage and Zimovia Straits the rocks show an increasing degree
of metamorphism due to the presence of stocks of quartz diorite that
probably form much of the interior of the island. Many of the
quartzose beds were originally argillaceous, and some calcareous beds
are intercalated within the series. '

Along the west side of Wrangell Island the quartzose beds are
usually fine to medium grained and 1 foot to 10 feet thick. There
are also beds of slate that are usually not over several inches thick
but may be several feet, with quartzose, highly biotitic layers.
Intercalated calcareous beds weather with a characteristic rounded
corroded surface.

In thin section quartz is seen to be the predominant mineral in the
recrystallized argillaceous sandstone members. The quartz occurs
in elongate grains in a matrix of very fine white mica, both minerals
oriented parallel to the foliation. The amount of micaceous matrix
is highly variable, depending upon the original argillaceous charac-
ter of the rock. A little feldspar is commonly present as an ac-
cessory mineral. Biotite is very abundant in many of the beds and
is especially prominent in the thin quartzose partings within the
slate beds. It is uniformly disseminated through the rock as chunky
equidimensional grains pleochroic from pale greenish brown to
brown and bears the relation of a metacryst to the other minerals.
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Black carbonaceous dust is abundant but more or less segregated in
small lenticular areas. In the highly quartzose beds the quartz is
in a very fine granular aggregate with a denticulate texture and local
lenticles of coarser grain. Pyrrhotite is a sparse to abundant acces-
sory mineral replacing the siliceous material in the form of small
irregular grains elongate parallel to the cleavage. Small euhedral
tourmaline crystals are a constant though sparse accessory mineral
later than the other minerals. A trace of ottrelite or magnetite is
present in some of the beds.

The slate has a dull black surface usually marked by the reflecting
black cleavage surfaces of abundant disseminated ottrelite crystals.
These range from 1 to several millimeters in diameter. In thin sec-
tion the rock is seen to consist of an exceedingly fine aggregate of
quartz and white mica thor oughly pigmented with disseminated black
carbonaceous dust. There is a trace of small biotite metacrysts and
a few small grains of pyrrhotite, The platy ottrelite crystals are in
part parallel to the cleavage but for the most part oriented at all
angles to the cleavage as réplacing metacrysts. They are black and
opaque in thin section because of the great quantity of included car-
bonaceous dust. ‘A few are surrounded by a zone of clearer recrystal-
lized quartz. A little tourmaline is present as a microscopic acces-
sory constituent. Pyrrhotite also occurs as a thin film, surfacing
fractures across the cleavage.

The rocks on the east 31de of Wrangell Island from Rock Point
southeast along the coast for about 5 miles show a slightly greater
metamorphism than those on the west side, although the fine-grained
facies have not passed beyond the stage of slate. A characteristic
specimen of the slate consists of black garnetiferous ottrelitic slate
with thin partings of biotitic recrystallized sandstone. The ottrelite
and garnet crystals are uniformly and abundantly disseminated
through the slate and average about 1.5 millimeters in diameter.
Pyrrhotite is locally an abundant accessory mineral. The cleavage
surface of the slate here is not as dull as that of the ottrelitic slate
on the west coast, but it is not as lustrous as a typical phyllite.

From the middle of the cove east of Babbler Point to the east end of
Lake Virginia the rocks are predominantly gray micaceous quartz
phyllite with thin black or mottled gray layers of hornblendic quartz-
ite and quartzose hornblendic limestone from several inches to a foot
in thickness and local beds of black ottrelitic phyllite and of dull
dark-gray phyllite. Many narrow quartz veins and a number of nar-
row granite sills occur in these rocks.

The quartz phyllite is in part a thinly cleavable gray fine-grained
rock with a conspicuous brown sheen from the mica which forms a
more or less uniform coat over the cleavage surfaces though the indi-



WRANGELL-REVILLAGIGEDO BELT OF METAMORPHIC ROCKS 59

vidual flakes are indistinguishable or indistinct. A typical specimen
in thin section is found to consist predominantly of quartz (average
diameter 0.5 millimeter) with abundant brown biotite. Hornblende
crystals oriented at various angles in the plane of the foliation are
commen as an accessory mineral. Magnetite grains are common,
and there is a trace of garnet. The rock is pigmented with dissem-
inated graphitic dust more or less segregated in streaks. In part the
quartz phyllite i a similar fine-grained thinly cleavable rock with the
brown biotite uniformly disseminated as abundant chunky meta-
crysts. Rods of tourmaline are found in these rocks, in places ori-
ented at right angles to the cleavage.

The hornblendic layers are gray with disseminated black horn-
blende crystals or black hornblendic layers. They have a more mas-
sive appearance than the phyllite and are not so thinly cleavable.
In thin section a typical gray specimen is found to be a calcareous
hornblende quartzite with hornblende and quartz constituting the
major minerals. The hornblende crystals are oriented in the plane
of the cleavage. Calcite is an abundant accessory mineral, and there
is a trace of feldspar. A specimen of the black phase is found to
consist of alternating thin layers of highly hornblendic material and
quartzose limestone. Both are black and thoroughly pigmented
with disseminated carbonaceous dust.

Toward the southeast in the direction of the large masses of quariz
diorite along Blake Channel, there is a marked increase in the degree
of metamorphism. The phyllite passes into beds intermediate be-
tween phyllite and schist or into typical schist. In the vicinity of
Madan Bay the beds are staurolite and muscovite-cyanite schist
with interbedded quartz schist and a few thin layers of amphibolite.
The beds of Port Madan itself are staurolite phyllite. The rocks
along the east side of Bergs Cove and along Aarons Bay are very
much plicated. Beds of marble, with many narrow quartz veins and
considerably sheared, crop out on the west side of the bay. The
predominant rocks are quartz-mica schist.

LE CONTE BAY

The shores of Le Conte Bay give a diagrammatic illustration of
the change from phyllite to injection gneiss. A sill of porphyritic
quartz diorite forms the north headland at the mouth of the bay.
This is adjoined on the east by a belt of phyllite 115 miles wide.
‘On the western border of this belt the phyllite has a sheeny surface
and almost parallel cleavage. On the south side of the bay the pre-
dominant rock is quartz phyllite with intercalated beds of crinkled
black slate. The quartz phyllite is hard and tough when fresh,
more like a micaceous quartzite, but on weathering becomes fissile.
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To the east the phyllite is somewhat more crystalline and crinkled.
The phyllite is adjoined by a belt of quartz-mica schist about three-
quarters of a mile wide. On its eastern border the schist is inter-
calated with thin layers of marble and is penetrated by aplite and
pegmatite veins, which still farther east become so numerous as to
make of the schist an injection gneiss. The injection gneiss forms
the belt adjacent to the Coast Range batholith. It comprises horn-
blende and biotite gneisses and is conspicuous because of the many
rusty beds. The aplite and pegmatite also carries disseminated
sulphides.

Quartz veining is abundant in both the phyllite and the schist.
In the phyllite the quartz veins tend to occur along localized shear
zones, whereas in the schist they occur as thin flat veinlets along
the foliation planes and form what might be called a quartz injec-
tion gneiss. The quartz veins in the phyllite usually form a series
of more or less parallel narrow veins, for the most part an inch to
several inches wide but locally larger, with associated knots or
lenses of quartz. Many of the quartz veins are themselves involved
in folds.

THOMAS BAY

The inlet of Thomas Bay cuts across three different belts of rock,
and two additional belts in the mountains on the north side of Cas-
cade Creek were examined. :

The first belt on the outer side comprises a series of crystalline
schists, which are well exposed on the peninsula west of Ruth Island
and along the west coast of Ruth Island itself. The rocks that form
the peninsula are predominantly micaceous quartz schist with inter-
calated beds varying toward a quartzite on the one hand and toward
a typical quartz-mica schist on the other. They show an increasing
degree of crystallinity toward the east—that is, toward the main
batholith. The beds along the southwest side of Ruth Island are
rusty-weathering plagioclase-mica schist with accessory staurolite,
cyanite, garnet, pyrrhotite, and pyrite. Tourmaline and apatite in
perfectly formed small crystals are common to abundant accessories
in these rocks and, with the pyrite and pyrrhotite and a few glassy
quartz veins, appear to have been the only foreign materials intro-
duced during the metamorphism.

The second belt is about 134 miles wide at the head of the southern
arm of Thomas Bay and about 4 miles wide northeast of Spurt Point.
The thinning of the belt toward the southeast is due in part to.the
crosscutting of the quartz diorite mass on the east. The belt com-
prises a series of mixed rocks.in part of igneous and in part of sedi-
mentary origin. The rocks that form the north shore of the bay
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from the base of Point Vandeput almost to Wind Point, those that
form the major part of Ruth Island, and those south of Cascade
Creek in the south arm are predominantly hornblende plagioclase
schist, much of it in various stages of injection and partial replace-
ment by aplite veins or aplitic material and associated with narrow
intrusive sheets of quartz diorite. Intercalated with the schist just
east of the base of Point.Vandeput, in the cove on the northwest
side of Ruth Island, along the southeast shore of the northeast half
of Ruth Island, and at intervals along the shore north of Cascade
Creek are thin beds of medium-crystalline limestone. On Ruth
Island the limestone is interbedded with fine-grained white quartzite
resembling sheared and recrystallized chert and with intercalated
hornblende schist. Blue-gray quartzite also occurs interbedded with
hornblende schist overlying the series of beds of white quartzite and
hornblende schist. Other common intercalated beds are, for the
most part, aplitized mica schist with accessory graphite. Along the
shore east of Spurt Point there are all stages of gradation between
a schist composed almost exclusively of hornblende and a quartz
diorite with accessory garnet. Along the west side of the north arm
of Thomas Bay, from a point a short distance south of Wind Point to
the quartz diorite belt, the rocks are interbedded garnetiferous quartz-
mica schist or quartz-mica schist, with garnetiferous hornblende
schist or hornblende schist. These beds are in all stages of injection
or replacement by aplitic material or aplite veins and are intruded by
sheets of quartz diorite. Many of these beds are impregnated with
pyrite and pyrrhotite and weather to a conspicuous rusty-brown
color. Many of them carry as an accessory mineral, graphite in
crystalline flakes, conspicuous for its silvery appearance on the folia-
tion planes. Quartz veins and veinlets are common in this belt of
mixed gneisses. Shear zones shot through and through with quartz
veins are also seen. The veins are in general composed of a glassy
quartz characteristic of high-temperature veins. Many of the beds
show small slips and slickensided surfaces along which mica has
developed.

The third belt is the intrusive mass of quartz diorite, about 3 miles
in width. The whole mass is more or less contaminated with inclu-
sions, remnants, or assimilation products resulting from the break-
ing up or disintegration of the schist. Along the east side of the
south arm of the bay from Cascade Creek north the quartz diorite
contains narrow included blocks of the schist with intercalated beds
of crystalline limestone. The eastern half of the belt is made up of
quartz diorite with many to sparse stringerlike inclusions of gray
schist, individualized bands or blocks of gray injection gneiss, and
bands consisting of layers of schist disrupted and disintegrated into
a host of small separated stringer-shaped inclusions. ..Locally what
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at first appears to be clean quartz diorite is found on closer inspec-
tion to be garnetiferous. Sparse inclusions are found in even the
cleanest of the mass. A few dikes of white quartz diorite aplite cross
the foliation.

- The fourth belt, about two-thirds of a mile wide where examined
in the mountains north of Cascade Creek, comprises alternating
sheets of injection gneiss, injected and impure crystalline limestone,
and sheets of granite. Both the gneiss and the limestone (dolomite
in part) are broken up by granodiorite dikes, and locally the injec-
tion gneiss and granite form areas of breccia. The marble is pre-
dominantly rich in silicates, though a few thin beds of purer marble
were seen. Tremolitic layers are common and occur in beds some of
which are several feet thick. Some beds have a close meshwork of
disseminated chondrodite. These may contain layers with abundant
nodules of phlogopite mica associated with a few small octahedra of
lavender-colored spinel. Green pyroxene is very common, dissemi-
nated through many of the beds or as masses of coccolite adjacent to
injected pegmatite veins. Pegmatite veins are usually common, and
locally quartz veins are abundant. The pegmatite veins usually con-
tain abundant disseminated pyroxene resulting from assimilation
of the limestone and locally a little titanite. Some of the limestone
contains a little disseminated graphite and mica. Graphite occurs
also as a local concentration in some of the pyroxene nodules. White
plagioclase feldspar and epidote and nodules of garnet are abundant
in some beds. Inclusions of limestone with their borders changed
to masses of coccolite were noted in some sheets of the granodiorite.

The fifth belt, of unknown width, consists of a very coarsely por-
phyritic granodiorite.

The rocks that form the peninsula on the south side of Thomas
Bay between Wood Point and the channel on the west side of Ruth
Island are predominantly micaceous quartz schist, varying toward a
micaceous quartzite on the one hand and toward a more typical
mica schist or quartz-mica schist on the other. The beds show an
increasing degree of crystallinity toward the east.

Two typical specimens taken from a place three-quarters of a
mile east of Wood Point are described below. One is a medium-
grained gray rock with a coarse foliation roughly parallel to a plane
and fine brown mica flakes on the cleavage surfaces. In thin section
the rock is seen to consist predominantly of quartz with abundant
hornblende rods oriented parallel to the foliation, a little brown
biotite, and accessory disseminated pyrite, magnetite, garnet, and
apatite. The pyrite is in elongate irregular grains parallel to the
foliation. The hornblende is faintly pleochroic pale to light green.
Most of the quartz is in finely mashed laminae with a denticular
texture and wavy extinction, but some is in narrow lenticles and
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layers of clear granular recrystallized quartz. The other specimen
is a dark-gray garnetiferous, micaceous quartz schist with a roughly
plane-parallel foliation. The cleavage surfaces have a conspicuous
uniform sheen due to the mica, but only here and there is the mica
.distinguishable as individual flakes. In thin section the rock is seen
to consist predominantly of quartz with disseminated lenticles made
up of brown biotite and colorless muscovite with a little quartz.
The micas are oriented at slight angles to the foliation in these
lenticles. A little mica in the groundmass is oriented parallel to
the foliation. Small garnets are common, forming metacrysts with
tails of quartz. The rock is thoroughly clouded with disseminated
dots of black carbonaceous material, which is particularly abundant
in the biotite. Pyrrhotite is common as very much elongated grains
parallel to the foliation. Apatite and plagioclase are accessory min-
erals. One small euhedral crystal of tourmaline is present.

Along the west side of the channel west of Ruth Island the rocks
are more markedly crystalline and are locally closely crenulated. A
typical specimen is a grayish-white micaceous quartz schist. The
cleavage surfaces are marked by well-individualized flakes of brown
biotite several millimeters in diameter.

The west side of Ruth Island is formed of rusty-weathering pla-
gioclase-mica schist. Narrow glassy quartz veinlets, some with
pyrrhotite and pyrite, are common locally, and the rocks are con-
siderably more pyritic and pyrrhotitic than the underlying schist.
In thin section the predominant constituent is seen to be plagioclase
in grains elongate to the foliation. One typical specimen is a very
closely foliated rock with a fine lenticular texture, the lenticles,
about a centimeter in length, being set off by a wrapping of brown
biotite or colorless muscovite. Abundant staurolite, cyanite, and
garnet crystals are present. The staurolite, cyanite, brown biotite,
and plagioclase are in part intergrown and belong to essentially the
same period of crystallization; in part they succeed an earlier gener-
ation of brown biotite, muscovite, and quartz and contain inclusions
of these minerals oriented parallel to the foliation. Small euhedral
crystals of brownish-green tourmaline are abundant and replace
each of the other minerals but more especially the biotite. The rock
is full of disseminated black carbonaceous dust, in places oriented in
a fine plicated schistose structure inclosed in the other minerals.
Abundant small apatite crystals and a trace of very fine fibrous silli-
manite are present. Another specimen consists of layers rich in pla-
gioclase containing abundant inclusions of brown mica oriented
parallel to the foliation, separated by highly micaceous laminae
made up mostly of biotite but with muscovite common. The pyrite
and pyrrhotite are in irregular: grains much elongated parallel to the
foliation.
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Between Thomas Bay and Endicott Arm, for a distance of 40
miles or so, the Coast Range batholith changes from its prevailing
northwest trend parallel to the formational strike to a more truly
north-south trend and cuts across the strike of the formations at an
angle of about 15° to 40°. As a result there is a change in the
character of the same group of rocks as distance from the batholith
increases. For example, the belt of injection gneiss adjacent to the
main batholith on Thomas Bay appears to be represented on Port
Houghton, 35 miles distant along the strike and about 5 miles away
from the batholith, by a belt of garnetiferous quartz-mica schist,
whereas on Hobart Bay, 10 miles farther along the strike and at
least 10 miles from the batholith, the rocks are phyllite.

A belt half a mile to 2 miles wide characterized by the predomi-
nance of hornblende schist extends from Spurt Point, on Thomas
Bay, northwest to Port Houghton, west of Walter Island Arm.

On ‘Thomas Bay, in general, the penetration and replacement of
the hornblende schist has been so complete that at many places it is
only on a weathered surface that the rock in any way suggests the
process of aplitic injection, and there only faintly. Locally the in-
jection character is conspicuous and the narrow veins are well indi-
vidualized: - The schist as a rule has a well-developed cleavage
roughly parallel to a plane. It is medium grained, with the horn-
blende oriented parallel to an axis. The garnets to a slight extent
have grown by pushing aside the adjoining laminae, but to a greater
extent they bear the relation of replacing metacrysts developed, or
at least enlarged, at the time of the introduction of the aplitic ma-
terial. The hornblende is commonly moderately pleochroic from
light to dark olive-green, but may be pleochroic from deep green to
blue to yellowish green. The plagioclase ranges from an andesine
(AbsAn,) to an oligoclase-andesine (Ab,An,). The amount of
plagioclase varies widely, depending in part upon the degree of
aplitization. With increasing abundance of feldspar the rocks
assume a gray color of much lighter tone than normally. Minor
accessory minerals found in varying amounts in different specimens
are brown biotite, quartz, epidote or pyroxene, resulting from the
aplitic alteration of hornblende, pyrrhotite, pyrite, magnetite, ilmen-
ite, apatite, and titanite. The feldspars and quartz show a conspicu-
ously wavy extinction.

A very conspicuous rock developed locally as the result of aplitic
injection of the hornblende schists crops out along the north shore of
Thomas Bay east of the base of Point Vandeput and at the southern
tip of Ruth Island. It is predominantly a coarse garnetiferous horn-
blende-plagioclase (Ab,An;) schist with variations across the strike
which indicate an original bedded character. The hornblende crystals
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are prismatic, with a diameter of about 0.5 centimeter and a length
of 1 to 2 centimeters, and are oriented parallel to an axis. They
are inclosed in a meshwork of aplite that consists of plagioclase
associated with a little quartz. The garnets are inclosed in the
aplitic veinlets, and some at least are directly the result of the in-
jection of the aplite. It is a common thing for a few of them to
contain grains of pyrite or pyrrhotite. Minor accessory minerals
found in varying amounts in the rocks are biotite, apatite, epidote,
zoisite, pyrrhotite, pyrite, magnetite, and titanite. A few grains of
staurolite were found in one thin section examined, which contained
also an exceptional number of apatite crystals. The hornblende is
pleochroic from deep green to blue-green to yellow-green (a=1.661,
y=1.617).

Another rock is a black hornblende schist mottled with abundant
disseminated small red garnets (2 millimeters) and intimately veined
parallel to the foliation by paper-thin veins of glassy quartz inter-
calated between a medium-crystalline limestone below and an epidotic
mica schist thoroughly injected by aplite above. Hornblende in
long prismatic growth oriented parallel to an axis is the predominant
mineral. The garnets are confined to the quartz veinlets. Magnetite
in very long grains with irregular borders, oriented parallel to the
roughly plane-parallel cleavage, is a common accessory. A few
small apatite crystals and a trace of feldspar constitute the other
minerals.

Another specimen is a hornblende schist without garnet but with
about 20 per cent of plagioclase (oligoclase-andesine) replacing the
rock in the form of veinlets and lenticles or disconnected incipient
veinlets. Some of the hornblende is in an advanced stage of partial
alteration and replacement by epidote, an unidentified high-birefring-
ent aggregate, and an isotropic chloritic-appearing substance. The
plagioclase bears a definite replacement relation to the hornblende.
Traces of apatite, magnetite, and biotite are present. ‘
~ The schist that is light colored on fresh surface is predominantly
feldspathic, ‘'with abundant biotite and locally garnetiferous. In
general it carries a higher percentage of sulphides, predominantly
pyrrhotite, than the dark hornblende schist and weathers accordingly
with a rusty-brown surface. Graphite is a characteristic accessory
mineral that is nearly always present, in contrast to its almost com-
plete absence in the hornblende schist, and it is conspicuous because
of the silvery luster of its scales disseminated through the rock.
Plagioclase feldspar ranging from oligoclase-andesine (Ab,An,) to
andesine (AbgAn,) is the predominant mineral and seems to be
mostly of aplitic origin. Quartz is a widely varying constituent,
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ranging from a minor accessory to considerably more than half the
rock. Biotite is constantly present in abundant flakes and gives the
characteristic foliated appearance to the schist. In thin section it
is usually pleochroic from light yellowish brown to deep chestnut-
brown, but a variety pleochroic from light to deep olive-green is also
found. Orthoclase is present in some specimens but. is usually ab-
sent. A specimen collected from one of the least-injected beds is
composed of 54 per cent quartz, 20 per cent plagioclase, 9 per cent
biotite, 6 per cent graphite, 6 per cent orthoclase, 5 per cent pyrrho-
tite, and a little accessory apatite; it is a graphitic, micaceous quartz-
feldspar schist. The plagioclase feldspar ranges from an oligoclase-
andesine to bytowrnite. Another bed which occurs intercalated within
the hornblende schist and crystalline limestone series is an epidotic
feldspar-mica schist. This rock consists of an intergrowth of
plagioclase, biotite, epidote, quartz, and magnetite, named in order of
abundance. The epidote is in long rods and rounded grains oriented
parallel to the foliation. The magnetite is in perfect disseminated
octahedra and in irregularly bounded grains. The biotite is pleo-
chroic from pale yellowish olive-green to deep olive-green. The
graphite is in crystalline flakes in part intergrown with the biotite
and in part with the other minerals. Apatite is an abundant acces-
sory mineral, and a trace of muscovite is present. '

In other specimens the pyrrhotite occurs in small elongate grains
associated with the graphite or in parallel intergrowths with biotite.
A trace of zircon is seen occasionally in some of the biotite.

PORT HOUGHTON

The formation on Port Houghton consists of hornblende schist
with intercalated beds of limestone several feet thick and a few
beds of black slate or phyllite. The schist may vary widely in
general aspect and character but is marked by the prevalence or
dominance of hornblende as an almost constant accessory. It ranges
from hornblendic, garnetiferous, muscovitic, or biotitic quartz schist
to very dark hornblende schist with only a very little interstitial
groundmass. Locally the crystals of hornblende may average an
inch in diameter, but predominantly the rocks are medium grained.
All show a highly schistose structure.

Plagioclase is variable in amount, and in the dominantly horn-
blende schist it is usually restricted to the interstitial groundmass,
where it may serve as a matrix for radiating sheaves of hornblende
crystals which have grown at an angle to the foliation. The plagio-
clase is for the most part clear and untwinned, but in part twinned;
it was determined in three different specimens as an albite a_trifle
more sodic than albite-oligoclase (AbyAn,). Common accessory
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minerals in all the schist are biotite and calcite and, in minor amount,
apatite, magnetite, epidote, and pyrrhotite.

Thin layers of limestone are here and there isoclinally folded in
the schist, which, but for their presence, would show little or no
evidence of such close folding.

Much of the hornblende is fibrous, the plagioclase may be crushed
or show irregular extinction, and the quartz may exhibit wavy extinc-
tion as a result of pressure following the crystallization of the schist.

‘On the south side of Port Houghton, east of the belt of horn-
blende schist, there is a wide belt of garnetiferous quartz-mica schist,
which is of a surprisingly upiform character and which forms the
coast line from a point just west of Walter Island Arm eastward
to a point within 2 miles of the bar at the entrance to the Salt Chuck.
The beds strike northwest and, except for local folding, have a
uniform steep northeasterly dip. The schist is exposed for a width
of 6 miles, measured at right angles to the strike. Locally, sills of
quartz diorite and dikes of aplite are intrusive in the schist, as in
the vitinity of Walter Island Arm, and more rarely a few beds of
the schist are intimately veined with narrow quartz veinlets. Layers
of hornblendic quartzite as much as 6 inches thick are present in very
minor amount in the schist.

The schist is very thinly cleavable, and its cleavage surfaces exhibit
a bright brownish sheen and are studded with red garnets showing
crystal faces. The garnets are prevalently about three-sixteenths of
an inch in diameter but range generally from an eighth to a quarter’
of an inch and in local beds are as much as half an inch. In the
prevalent type of richly garnetiferous schist the garnets form from
10 to 20 per cent of the rock by volume. Locally there are thin
layers and beds composed almost wholly of granular garnet, which
on weathering has a friable character.

In thin section the predominant mineral is found to be quartz,
with garnet and brown mica as abundant major accessories. The
quartz may be either granular or in elongate plates, oriented with
their longer diameters parallel to the foliation. The mica is pre-
dominantly biotite, oriented with its longer diameters parallel to the
cleavage. Muscovite is common but usually in minor amount. The
garnets have for the most part been formed through a process of re-
placement, for the banding of the minerals is in general cut off
sharply at their edges and the original puckered structure of the
schist is still preserved as a relic structure in the garnets. The gar-
nets have to some extent forced aside the adjoining laminae. Black
graphitic dust is abundant more or less uniformly disseminated
throughout the minerals of the schist. Tourmaline in crystal rods
is a common minor accessory mineral, as well as pyrrhotite, which
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occurs in irregular-shaped grains, oriented with the longer diameter
parallel to the foliation. In some beds staurolite, cyanite, or horn-
blende may occur as a minor accessory mineral.

The rocks forming the south and east sides of the Port Houghton
salt chuck are almost uniformly rusty-weathering brown quartz-
feldspar schist. In the northern part some aplitic injection is
apparent, but usually the rocks do not show any banding. Their
general strike is a little west of north and their dip from vertical
to 50° W. In thin section they are found to consist predominantly
of quartz and plagioclase (oligoclase to oligoclase-andesine), with
orthoclase and biotite as major accessories. Garnet, muscovite, py-
rite, magnetite, and apatite are common minor accessory minerals.
Locally hornblende may be common.

Another belt of quartz-feldspar schist is found on Endicott Arm,
about 10 miles from the head. The beds here are intimately injected
by quartz lenticles, lenses, and veins. Beds of quartzite, in part
chertlike, and hornblende schist are intercalated. Locally the schist
consists of alternating thin layers of limestone, quartz, and mica
schist. Most of the beds weather rusty.

About 114 miles west of the bar at the head of Port Houghton
there is a half-mile belt of a very peculiar calcareous hornblende
schist, which weathers with a pockety cavernous appearance due to
the solution of the limestone. Cherty quartzite beds with thin layers
of limestone and quartz-feldspar schist are interbedded.

HOBART AND WINDHAM BAYS

A belt of phyllite is well exposed on Hobart Bay and on the west
half of Windham Bay. It consists of interbedded dark and light
silvery-lustered, sheeny crinkled phyllite, associated with sparse
beds of muscovitic limestone and calcareous schist, which are better
crystallized than the phyllite. Quartz, biotite, chlorite, sericite, and
feldspar are common visible constituents. Hornblende is common in
sparse layers. The phyllite on Hobart Bay is intimately veined
with quartz, but in much of the belt on Windham Bay only a few
strong quartz veins were observed. Masses of dark metadiorite
(sills?) are abundant in the phyllite near the contact with the green-
stone belt both on Hobart Bay and in parts of the belt on Windham
Bay. Similar interbedded gray and black argillaceous phyllite is
exposed on Sanford Cove, Endicott Arm.

HOLKHAM BAY AND TRACY ARM

Holkham Bay and Tracy Arm afford an excellent cross section
of the Wrangell-Revillagigedo belt of metamorphic rocks, ranging
from dynamically metamorphosed, highly schistose fossiliferous
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beds on Stephens Passage through beds of phyllite and schist to
relic and injection gneisses occurring as bands within the western
border of the batholith.

On the southwest there is a bed of phyllite and slate with sills
and dikes of metadiorite about 214 miles in width. This belt extends
far to the northwest across Port Snettisham and Taku Inlet to a
point about 10 miles north of Juneau and just south of Berners Bay,
where it merges into a belt of schist adjacent to the batholith. North
of Port Snettisham the belt narrows from 114 miles to half a mile
in width. This belt corresponds to the black slate band of Spencer.®®

On Holkham Bay the beds consist of a series of interbedded
whitish sericitic phyllite, green chloritic phyllite, and black argil-
laceous phyllitic slate, locally with dark-colored metadiorite sills
or dikes. Adjoining these beds on the east is green chloritic phyl-
lite with beds of intercalated argillaceous phyllite.

Normal black slate is not found in this area nearer than 5 miles to
the batholith. Sheets of aplite are found up to a point 3 miles from
the contact. Limestone 6 miles from the contact is highly schistose
but not recrystallized.

Between the phyllite and the border of the batholith is a belt of
schist 2 to 2% miles in width. This belt comprises interbedded
quartz-mica gneiss, hornblende schist, and a band of chloritic mica-
ceous hornblende schist, all with sheared aplite sills. Adjacent to the
batholith glassy quartz veinlets a fraction of an inch to an inch wide
are abundantly injected parallel to the foliation, together with aplitic
veins. Farther away local shear zones with quartz veins and bunches
of quartz are common. Many of the beds weather rusty. The band
of aplitic injection gneiss is not more than half a mile wide.

The east branch of Tracy Arm cuts across the Coast Range batho-
lith at an angle of about 60° to its trend for 15 miles. The walls of -
the fiord here afford a most extraordinary opportunity to study the
phenomena, of reaction between the magma of the Coast Range batho-
lith and the sediments which it has included and metamorphosed.
Most of the rock in this belt is a shatter bréccia consisting of quartz
diorite and granodiorite with fragments of schist in various stages
of assimilation. Many large belts of injection gneiss are also included.
It is doubtful if there is exposed anywhere within this 15-mile
belt an area as much as 10 feet square which does not contain at least
one small inclusion. It seems probable that one-third of the batho-
lith in this section is included country rock. All gradations between
blocks of clean sediment without injection, injection gneiss, and reac-
tion or relic gneiss are found. The only clean belt of quartz diorite

% Spencer, A. C., The Juneau gold belt, Alaska: U. S. Geol. Survey Bull. 287, p. 17
19086,



70 GEOLOGY AND MINERAL DEPOSITS, SOUTHEASTERN ALASKA

is on the western border and is about 334 miles wide. Even this has
abundant small isolated stringers of inclusions throughout, and near
the contact these inclusions are common, probably amounting to sev-
eral per cent of the rock. Pegmatite veins are noticeably absent in
this belt of quartz diorite.

- Relic or reaction gneiss, together with relatively clean sheets of
quartz diorite and beds of gneiss and marble, forms a belt 2 miles
wide east of the belt of relatively clean quartz diorite, and each of
the other belts mapped as quartz diorite is in reality of this mixed
character. The relic or reaction gneiss is mostly diorite or grano-
diorite with a ghostlike breccia or banded structure inherited from
the blocks of sediment which have been incorporated as part of the
rock through reaction with the magma. Much of the reaction appears
to have been brought about by pegmatitic material, and this appears
at many places as veins in the inclusions.

The injection gneiss consists predominantly of dark micaceous
varieties with more or less pegmatitic injection. Hornblende, actino-
lite, and quartz schists are intercalated. Medium to coarsely crystal-
line limestone occurs for the most part as beds several feet thick in
the gneiss, but beds of relatively clean marble as much as 100 feet
thick are found. Bunches of silicates are common in the limestone;
these include green pyroxene, red garnet, yellow chondrodite, scaly
brown phlogopite mica, and rarely a little lavender-colored spinel.

JUNEAU DISTRICT

Spencer * has described the schist belt in the vicinity of J uneau
as follows:

Beds of quartz sand now indurated to quartzite and strata of limestone
now partly changed to marble occur at different horizons, but the great mass
of the series is garnet, mica, and hornblende schist, presumably derived for the
most part from the crystallization of calcareous and argillaceous sandstones
and shales. It has been proved that certain layers of hornblende schist are
derived from gabbro rocks, such as are locally found in a relatively unaltered
state.

Knopf ¢ has described a belt of schist which lies between the slate-
graywacke formation and the quartz diorite of the batholith in the
Juneau district and ranges in width from a few hundred feet at
Berners Bay to 2 miles at Mendenhall Glacier.

The schists are most highly crystalline in the zone directly bordering the

quartz diorite gneiss, but toward the southwest they grade through phyllites
and biotitic slates into the clay slates and graywackes of the next adjoining

® Spencer, A. C., The Juneau gold belt, Alaska: U. 8. Geol. Survey Bull. 287, p. 16,
1906.
’ % Knopf, Adolph, The Eagle River region, southeastern Alaska: U. S. Geol. Survey 'Bull__
502, pp. 20-22, 1912, - " .
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belt of rocks. * * * The schists comprise a variety of rocks, mainly of sedi-
mentary derivation. * * * Biotite, garnet, and amphibole are the most
common minerals of metamorphic origin that are easily distinguishable;
* * * gstaurolitic and cyanitic schists are found locally. * * * Coarsely
crystalline white limestone is interstratified with the schists in beds ranging up
to 50 feet in thickness but is not particularly abundant and is usually re-
stricted to the outlying masses of schist in the gneiss.

Ry
SCHISTOSE GREENSTONE AND PHYLLITE BETWEEN PORT HOUGHTON AND
JUNEAU

A group of rocks consisting of schistose greenstone and green
chloritic phyllite interbedded with black and gray sericitic slaty
phyllite and sparse dolomite or limestone beds and schistose chert
form the Robert Islands and Point Walpole at the entrance to Port
Houghton, the outer coast between Port Houghton and Windham
Bay, and several belts on the land between Windham Bay and
Endicott Arm. A particularly large belt forms the Harbor Islands
and the broad peninsula at the south entrance to Endicott Arm and
extends northwest through the Snettisham Peninsula, Limestone and
Slocum Inlets, and along the east side of Gastineau Channel, being
here well exposed between Point Salisbury and Bishop Point.

Along the coast between Port Houghton and Windham Bay the
_group consists of interbedded schistose green hornblende porphyry,
green schist with aphanitic texture, and black and light-gray phyllite.
The green schist does not form the major part of the group of rocks
but is characteristic of it. Some beds show conspicuous evidence
of having once been fragmental. The fragments are felsitic in
texture and andesitic. Pyrite and pyrrhotite are locally dissemi-
nated through the black phyllite, which weathers red more commonly
than the light-colored phyllite. The group of rocks is excessively
veined with quartz, which occurs as bunches, as numerous thin
plates and lenticles, and sparingly as strong wide veins. All the
quartz is glassy and is associated with varying amounts of calcite.
Masses of dark metadiorite cut the beds. Locally the beds are
veined and intruded by aplite sills and dikes, which are folded with
the series, as are also many of the quartz veins. The beds show
every evidence of intense folding and plication. Overthrust
isoclinal folds that dip 35° to 40° NE. are evident everywhere.

Most of the Snettisham Peninsula except the eastern part is com-
posed of schistose and phyllitic greenstone with intercalated beds
of schistose limestone, black slate and phyllite, and sparse beds of
schistose chert and conglomerate. The beds strike about northwest
and dip northeast. At the south end of the peninsula the succession
of beds from southwest to northeast is as described below. The

6137—29——6
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lowest beds comprise interbedded schistose limestone, black slate,
white chert, and a felsitic greenstone that appears to be in part a
sheared amygdaloid with flattened calcite amygdules and is in part
a yellowish-green chloritic epidotic schist. On the shore of the
peninsula northeast of the Midway Islands there is a 100-foot bed of
schistose limestone, with many layers full of corals or crinoids or
both, of Carboniferous age. ‘These beds are overlain by a thick
series of schistose greenstone of felsitic texture. Patt of this has a
peculiar nodular or lenticular structure, as if formed from shearing
of a fragmental rock; the matrix is similar to the nodules except
that it is more sheared. Part of the greenstone is apparently mashed
amygdaloidal andesite. About 214 miles due east of Point Coke, at
the point at the entrance to Tracy Arm, the greenstone is overlam
by a bed of white limestone with mtercalated layers of schistose
white chert. This bed of limestone is lithologically identical with
the Carboniferous limestone of Taku Harbor. It strikes northwest,
dips 55° NE., and is overlain by beds of black phyllitic slate with
similar strike and dip. The contact between the limestone and slate,
however, is faulted.

At the north end of Snettisham Peninsula the cove east of Point
Anmer is carved out of limestone with poorly preserved silicified
fossils. These beds are underlain by interbedded schistose limestone
and greenish-gray schist and are overlain by greenstone with inter-
calated beds of schist. Eastward, toward Spettisham, the beds are
successively quartz-mica schist, schistose conglomerate that consists
in part of chert pebbles, and green schist that contains lenticles of
limestone and intercalated beds of schistose white chert and black
slate. Large sheared coral heads occur in some of the beds of green
schist. Some of the greenstone shows what appears to be a well-
defined pillow structure. The series is lithologically similar to the
Carboniferous beds of Windfall Harbor, on Admiralty Island. The
limestone with Carboniferous fossils on Stockade Point, Taku Har-
bor, has previously been described.®* It consists of thick, massive
beds with rare layers of white chert. On the east this hmestone is
associated with black graphitic slate or phylhte and nodular lime-
stone in a matrix of black bituminous limestone. On the south
there are beds of fragmental schistose greenstone with associated
black phyllite.

On the east side of Taku Harbor there is a series of green chlo-
ritic or calcareous phyllite with thin beds of limestone and- white
chert. On Limestone Inlet the greenstone volcanic rocks are more
massive and consist of amygdaloidal rock and breccia.

o Wright, F. E. and C. W., The Ketchikan and Wrangell mining distncts Alaska: U. 8.
Geol. Survey Bull. 347, p. 55, 1908,
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AGE

The determination of the age of the Wrangell-Revillagigedo belt
of metamorphic rocks is a very difficult problem. Along the coast
between Prince Rupert and the mouth of Portland Canal Dolmage °2
maps it as the Prince Rupert formation, of Triassic or Carboniferous
age. The Wrights ®® make the following statement with respect to
the Ketchikan and Wrangell districts:

In view of the comparatively weak paleontologic and stratigraphic evidence
bearing on the precise age of these argillites and crystalline schists, it is pos-
gible that their period of deposition extended even beyond the Carboniferous
period into the Triassic. * * * The evidence thus far gathered, however,
indicates Carboniferous age for the greater portion of these crystalline schists
and argillites.

Chapin,** mainly on lithologic and structural grounds but with
some paleontologic evidence, has described the phyllite and crystal-
line schist with associated conglomerate and limestone on George
Arm, Revillagigedo Island, as including both Carboniferous and
Triassic formations.

Kirk found fossils that he identified as of Ordovician age in beds
at Wrangell, but the organic traces are very imperfectly preserved
and to the writer the identifications seem open to question. .

Fossils identified by Girty as Carboniferous (lot 5138: Batosto-
mella? sp., Stenopora? sp., and Spirifer? sp.) were collected by Bud-
dington from schistose limestone associated with greenstone on the
shore of the Snettisham Peninsula northeast of the Midway Islands.
Carboniferous fossils (Productus aff. P. gruenewaldti) had previously
been reported by Kindle from Stockdde Point, on Taku Harbor.
Eakin found Triassic fossils in the belt of slate east of Juneau.
Martin has referred the greenstones or Gastineau volcanic group on
the east side of Gastineau Channel to the Upper Triassic and the
Thane volcanic group to the lower or Middle Jurassic (?). He
refers the schist (Clark Peak schist) east of the slate and phyllite
belt to the Paleozoic.

Buddington is of the opinion that the greenstone of the Snettisham
Peninsula belt and its extensions to the northwest and southeast is
largely of Carboniferous age and is to be correlated with a similar
lithologic series of rocks exposed on the east side of Saginaw Bay,
Kuiu Island. Both Triassic and Devonian rocks and perhaps some

% Dolmage, Victor, Coast and islands of British Columbia between Douglas Channel and
the A}askan boundary : Canada Geol. Survey Summary Rept. for 1922, pt. A, pp. 9-34,
1923.

. ©'Wright, F. E. and C. W,, The Ketchikan and Wrangell mining districts, Alaska: U. S.
Geol. Survey Bull. 347, p. 56, 1908.

& Chapin, Theodore, The structure and stratigraphy of Gravina and Revillagigedo

Islands, Alaska: U. 8. Geol. Survey Prof. Paper 120, pp. 18, 90-91, 1918,
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Jurassic may be associated with the Carboniferous in minor amount.
North of Taku Inlet most of the greenstones may be younger, as
suggested by Eakin and Spencer and by Martin.

On the west side of the south arm of Port Snettisham and the west
side of Prospect Cove schistose conglomerate is interbedded with
black phyllite. This conglomerate is lithiologically similar to the
conglomerate in the Jurassic or Cretaceous slate on the west side
of Seymour Canal, Admiralty Island.

It seems probable that the Carboniferous and Triassic formations
constitute a very considerable part of the Wrangell-Revillagigedo
belt of metamorphic rocks, but that possibly beds as young as Cre-
taceous and as old as Ordovician are included. The areal geology
and formational relations in the vicinity ,of Keku Straits, at the

north end of the Kuiu Island, and the northwest end of Kupreanof

Island (Tertiary formations excepted) seem to Buddington to repre-
sent an approximation to the original character and relations of these
metamorphic rocks.

ORDOVICIAN ROCKS

A thick series of beds of graywacke with associated slate and
locally with andesitic volcanic rocks forms most of Kuiu Island and
a considerable part of Prince of Wales and the neighboring islands.
The beds have heretofore been assigned wholly to the Silurian sys-
tem, but the work done Ly the writer has shown that they are pre-
dominantly of Lower and Middle Ordovician age but also in part
early Silurian. »

PRINCE OF WALES AND NEIGHBORING ISLANDS

Character and occurrence—At the south end of El Capitan Pas-
sage, north of Cap Island, there is a series of andesitic volcanic rocks
3,000 feet or so thick, overlain by about 1,000 feet of andesite con-
glomerate, in part with limestone cobbles and boulders. The con-
glomerate is of Silurian age, as some of the limestone fragments
carry Silurian fossils. The greenstone volcanic rocks comprise
porphyritic andesitic lava containing pyroxene phenocrysts, in part
with pillow structure; andesite porphyry conglomerate, composed of
fragments that are only slightly waterworn, or breccia; and some
graywacke with associated slate. The graywacke and slate inter-
calated in the lower part of the volcanic series carry Middle Ordo-
vician graptolites.

Fossiliferous slate of Ordovician age is interbedded with the
andesitic volcanic rocks at the head of Van Sants Cove, Kosciusko

4
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Island, and at the south end of a small island in Tonowek Bay, about
2 miles southwest of the west headland of Nossuk Bay. Beds
carrying graptolites of Ordovician age are found also on Thorne
and Stevenson Islands, the southwest side of Heceta Island, San
Fernando and Lulu Islands, and Thorne Bay and Klawak Salt
Lake, Prince of Wales Island. ’
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