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LETTER OF TRANSMITTAL;

DEPARTMENT OF THE INTERIOR,
UNITED STATES (GEOLOGICAL SURVEY,
T Washington, D. C., February 3, 190}.
Sir: I'have the honor to transmit, for publication as a bulletin of
the Survey, a manuscript entitled ‘‘ Contributions to Economic Geol-
ogy, 1903.”. B
The report contains 51 contributions from 87 members of the Survey
who have been engaged more or less continuously throughout the year
in economic work, together with brief statements by the geologists in
charge of the section of metalliferous ores and the section of non-
metalliferous economic minerals, of the extent and character of the
economic work being carried on in the Survey.
‘Very respectfully, .
C. W. Havgzs,
Geologist in Charge of Geology.
" Hon. CrARLES D. WaLcorTT,
Director United States Geological Swrvey.






CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1903.

S. F. Emmons,
C. W. Havgs,
Geologists in Charge.

INTRODUCTION.
By C. W. Havrs, Geologist in Charge of Geology.

This bulletin is the second of a series, the first being Bulletin No.
213, Contributions to Economic Geology for 1902. These bulleting,
are prepared primarily with a view to securing prompt publication of
the economie results of investigations by the United States Geological
Survey. They are designed to meet the wants of the busy man, and
are so condensed that he will be able to obtain ‘results and conclusions
with a minimum expenditure of time and energy. They also afford a
better idea of the work which the Survey as an organization is carry-
ing on for the direct advancement of mining interests throughout the
country than can readily be obtained from the more voluminous
reports. The bulletin for 1902 was so favorably received by those
interested in the development of the mineral industries of the United
States that it is proposed to publish early in each calendar year a
similar bulletin containing the results of the last year’s field work in
economic geology. _

In the preparation of the present volume promptness of publication
has been made secondary only to the economic utility of the material
presented. The papers included are such only as have a direct
economic bearing, all questions of purely scientific interest being
excluded. ’

The papers are of two classes: (1) Preliminary discussions of  the
results of extended economic investigations, which will later be pub-
lished by the Survey in more detailed form; (2) comparatively detailed
descriptions of occurrences of economic interest, noted by geologists
of the Survey in the course of their field work, but not of sufficient
importance to necessitate a later and more extended description. A

third class of papers was included in the bulletin for 1902, namely,
' 11
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abstracts of certain economic papers which had appeared in Survey
publications during the year, chiefly such as gave a general account of
the distribution and mode of occurrence of particular mineral deposits
throughout the United States. Most of the publications on economic
geology which have appeared during the past year were abstracted in
Bulletin 213, and it has therefore been unnecessary to abstract them
in this volume.

The papers have been glouped according to the sub]ects treated.
At the end of each section is given a list of previous publications on
that subject by this Survey. These lists will be found serviceable by
those who wish to ascertain what has been accomplished by the Sur-
vey in the investigation of any particular group of mineral products.
They are generally confined to Survey publications, though a few
titles of important papers published elsewhele by nmmbels of the
Survey are included. -

The preparation of this bulletin, as Well as of the corlespondlnrr
bulletin, published last year, has been chiefly the work of Mr. K. C.
Eckel, to whom is due in large measure the credit for planmng the
work and carrying it to a successful issue.

_ The results of the Sur vey work in economic geology have been
published in a number of different forms, which are here b11eﬂy
described:

1. Papers and reports accompanying the Annual Report of the
Director, United States Geological Survey.—Prior to 1902 many eco-
nomic reports were published in the royal octavo cloth-bound volumes
which accompanied the Annual Report of the Director. This form of
- publication for scientific papers has been discontinued and a new series,
termed Professional Papers, substituted. ‘

2. Bulletins of the United States Geological Survey.—The bulleting
of the Survey comprise a series of paper-covered octavo volumes, each
in general containing a single report or paper. These bulletins, for-
merly sold at nominal prices, are now distributed free of charge to
those interested in the special subject discussed in any particular
bulletin. This form of publication facilitites promptness of issue for
economic results, and most economic reports are therefore published
as bulletins. Their small size, however, precludes the use of large
maps or plates, and reports containing large illustrations are therefore
issued in the series of Professional Papers. -

3. Professional Papers of the United States Geological Survey.—
This series, paper covered, but quarto in size, is intended to include
such papers as contain maps or other illustrations requiring the use of
a large page. The publication of the series was commenced in 1902,
and the papers are distributed in the same manner as bulletins.

4. Monographs of the United States Gieological Survey.—This series
consists of cloth-bound quarto volumes, and is designed to include
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exhaustive treatises on economic or other geologic sub]ectq Volumes
of this series are sold at cost of publication.

5. Geologic folios of the United States (’eologwal Sumey —Under
the plan adopted for the preparation of a geologic map of the United
States the entire area is divided into small quadrangles, bounded by
certain meridians and parallels, and these quadrangles, which number
several thousand, are separately surveyed and mapped. The unit of
survey is also the unit of publication, and.the maps and descriptions
of each quadrangle are issued in the form of a folio. When all the
folios are completed they will constitute a' Geologic Atlas of the United
States.

A folio is demgnated by the name of the principal town or of a
prominent natural feature within the quadrangle. It contains top-
ographic, geologie, economic, and structural maps of the guadran-
gle, and occasionally other 1llust1at10ns, together W1th a general

de%cr tion.
er the law, cqpies of each folio are sent to certain publlc libra-

ries and educational institutions. The remainder are sold at 25 cents
each, except such as contain an unusual amount of. matter, which are

. pnced accordingly.

Circulars containing lists of these folios, showmg the locations of
the quadrangular areas they describe, their prices, etc., are issued
from time to time, and may be obtained on application to the
Director of the United States Geological Survey. The following list
shows the folios issued to date, with the economic products discussed
in the text of each, the products of greatest importance bemg printed

_ in italics.

List of geologic folios, showing minerul resources described.

” . Area Mineral produets described
No. Name of folio. State. in Author. as occurring in area of
’ 8q. m. folio.
1| Livingston ......... Mont......... 3,354 | Iddings, J. P.; Weed, | Gold, copper, clays, lime,
. W.H. . stone, coal.
2 | Ringgold ........... Ga.~Tenn..... 980 | Hayes,C.W..eeeuennnn Coal, iron, manganese, lime,
. cla.ys stone, road metal.
3 | Placerville......... Cal ........... 932 Lmdgren W Tur- | Gold, copper, quicksilver,
ner, chromlt:e stone.
4 | Kingston........... Tenn....... .. 969 Hu.yes,C W ........... Coal, tron, lime, stone, road
metal clay.
5 | Sacramento ........ Cal........... 932 | Lindgren, W.......... Gold, copper, chromite,iron,
L . coa] stone, lime, clay
6 | Chattanooga ....... Tenn..... ... 9756 | Hayes,C.W........... Coal, iron, lime, stone, road
) ) ) metal, clay.
7 | Pikes Peak-Cripple | Colo.......... 932 | Cross, W....coviuenenn Gold.
Creek. :
8 | Sewanee............ Tenn......... 975 | Hayes,C.W........... Coal, iron, lime, stone, road.
. : metal clay
9 Arﬁthrtaclte—(}rested Colo.......... 465 | Eldridge,G.H ........ Coal, silver, stone, lime, clay.
utte. . :
10 | Harpers Ferry...... Va-W:Va.-| 925 | Keith,A.............. Iron, ocher, copper, stone,
Mada. : road metal lime, cement.
11 | Jackson ............ Cal........... 938 | Turner, H. W ......... Gold, copper, chromite, iron,
manganese, ocher, coal,
stone, lime, clay.
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. List of geologic folios, showing mineral resources described—Continued.

Aren Mineéral produ(‘:ts‘ described

No. Name of folio. State. in Author. as occurring in area of

. 8q.m. folio.
12 | Estillville .._....... Va.-Ky.- 957 | Campbel, M.R....... .Coal, iron, marble, lime,
Tenn. stone.
13 | Fredericksburg..... Md.-Va....... 938 | Darton, N.H.......... Greensand marl, stone, ful-
. ler’s earth, clays, sand,
gravel, underground water.

14 { Staunton ........... Va-W.Va....| 938 ]..... s 7o SR Ir011,1 marble, lime, clay,
coal.

15 | Lassen Peak........ Cal ........... 3,634 | Diller,J.8$ ...........:| Gold, infusorial earth, lime,

. stone, coal. .

16 | Knoxville.......... Tenn.-N. C...| 969 | Keith,A.............. Mardle, slate, stone, gold,

. . lime, cement, clay, water
power.

17 | Marysville.......... Cal........... 925 | Lindgren, W.; Tur-| Gold, coal, gas, clay, lime,

ner, H. W. stone water supply.

18 | Smartsville.........[..... do........ 925 |..... A0 i Gold, copper, quicksilver,
iron, lime, clay, stone.

19 { Stevenson .......... Ga.-Ala.,-| . 980 | Hayes,C.W........... Coal, iron, lime, stone, road

Tenn. metal, clay.

20 | Cleveland .. 975 ... A0 e Iron, lead, lime, stone, clay.

21 | Pikeville ........... 969 |..... [ 1+ S Coal, iron, stone, clay.

22 | McMinnville .......|..... do........ 969 ..een@0 oeiiiii Coal, iron, stone, clay. .

23 | Nomini............. Md.-Va....... 938 | Darton, N.H.......... Greensand  marl, fuller’s
earth, clay, stone, sand,

: gravel, underground water.
24 | Three Forks........ Mont......... 3,354 | Peale,A.C............ Gold, silver, copper, iron,
coal llme, clay, pumice,
. ) mineral springs.
25 | Loudon............. Tenn ......... 969 | Keith, A . ............. Coal, marble, lime, stone,
. clay, iron, slate, water
) power.

26 | Pocahontas......... Va-W.Va....l 950 | Camphell, M.R _..._.. Coal, lime, stone, clay, mar-
ble.

27 | Morristown......... Tenn ......... 963 | Keith, A . ............ Marble, stone, lead, zine,
lime, cement, clay, water

N . ) power.
28 | Piedmont .......... MA.-W.Va ...| 925 | Darton, N. H.; Taff, | Coal, iron, lime, stone, road
- . metal, clay.
29 | Nevada City spe-{ Cal........... 35 | Lindgren, W.......... Gold.
cial.

30 | Yellowstone  Na- | Wyo.......... 3,412 | Hague, A.; Weed, [ National Park; no mining

tional Park. W. H.; Iddings, | permitted.

31 | Pyramid Peak...... Cal ........... 932 | Lindgren, W.......... Gold.

32 | Franklin ........... Va~-W.Va. 932 | Darton, N.H._........ Iron, coal, manganese,
hme stonc road metal,
clay,

33 | Briceville .......... Tenn......... 963 | Keith, A .............. Coal, irom, lead, marble,

: lime, stone, clay.
34 | Buckhannon ....... W.Va ... .. 932 Taﬁ,HJ . A.; Brooks, | Coal, lime, stone, clay.
A.H.
35 | Gadsden............ Alaooooaoil. 986 | Hayes,C.W........... Coal, iron, lime, stone.
36 | Pueblo ............. Colo.......... 938 | Gilbert,G. K.......... Stone, gypsum, clay, iron,
: artesian water.

37 | Downieville ........ Cal........... 919 | Turner, H. W ......... Gold, iron, chronutc, lime,
marble.

38 | Butte special ....... Mont ......... 23 | Emmons, S. F.;| Copper, silver, gold.

. Tower,G. W.

39 | Truckee ...covunen.- Cal........... 925 | Lindgren, W.......... @old, silver, coal, stone,
mineral springs.

40 | Wartburg........... Tenn ......... 963 | Keith,A.......ooaeee. Coal, oil, iron, lime, clay.

41 | Sonora....... ereaas Cal ...oeoantl. 944 | Turner, H. W.; Ran- | Gold, quicksilver,. copper,

some, F. L. chromite, lime, stone.

42 | Nueces ... ... R, TeX wuuecunnnn 1,085 | Hill, R. T.; Vnughzm, Stone, gravel, underground

: . T, W. . water.
43 | Bidwell Bar........ Cal ........... 919 | Turner, H. W ......... Gold, manganese iron,

chromite, stone,
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List of geologic folios, showing mineral resources described—Continued. .
: Area Mineral products described

No Name of folio. State. in Author. ag occurring in area of

$qQ. m. folio.

44 Tuzc\vcll ........... Va.sW.Va.... ‘ 950 | Campbell, M.R.. .| Coal, iron, barite.

45 | BOISC - eevieniiin.. Idaho ........ 864 | Lindgren, W.......... Gold, silver, coal, diato-
maceous earth,  stone,
clay, springs, artesian
water.

46 | Richmond.......... Kyeaeaaeiannas 944 | Camphell, M.R....... Coal, fluorite, phosphate,

' : clay, stone, road metal.

47 | London.............}..... do........ 950 |..... (5 00 S Coal, stone.

48 | Tenmile  district | Colo.......... 62 | Emmons,S. F......... Silver.

-gpecial.

49 | Roseburg ........... oreg.......... 871 | Diller,J. S ............ Gold, copper, quicksilver, *
coal, clay, stone.

50 | Holyoke............ Mass.-Conn ..[ 885 | Emerson,B. K ........ Granite, emery, chromite,

. quartz, trap, sandstone,
clay.

51 | Big Trecs........ e Calo.. 938 | Turner, H. W.; Ran- | Gold, silver.

R . some, F. L.

52 | Absaroka........... Wyo.......... 1,706 | Hague, A ............. Silver.

53 | Standingstone...... Tenn ......... 963 | Campbell, M.R ....... Coal, oil, lime, clay.

54 { Tacoma ............ Wash......... 812 Wg]ig, B.; Smith, | Coal, stone, clay.

85 | Tort Benton........ Mont ......... 3,234 | Weed, W.H........... Gold, silver, lead, iron, gyp-
sum, coal, stone, artesian
water.

56 | Little Belt Moun- | Mont......... 3,295 | Weed, W.H........... Coal, silver, lead, copper,

tains. iron, sapphires, mineral
. water.

57 | Telluride ........... Colo.......... 236 | Purington,C. W ...... Gold, silver.

58 | Elmoro. .. 950 | Hills, R.C ............ Coal, stone, artesian water.

59 | Bristol.............. . 957 { Campbell, M.R....... Coal, iron, zine, barite, mar-
ble, clay.

60 | La Plata............ Colo.coun..... 237 | Purington,C. W . ..... Gold, silver, conl,

61 [ Monterey........... Va~W.Va....| 938 | Darton, N.H.......... Iron, stone, clay, road
metal,

62 | Menominee  spe- | Mich ......... 125 | Van Hise, C.R.; Bay- | Iron.

cial. ley, W.S. ) .

63 | Mother Lode dis- [ Cal........... 428 | Ransome, F. L........ . Gold, silver, manganese,

trict. quicksilver, stone.

64 | Uvalde .oovvennnn.n. NG5 SO 1,040 | Vaughan, I W .......| Asphalt, gold, silver, irom,
coal, water supply.

65 | Tintic special ....._. Utah ......... 229 | Tower, G. W.; Smith, | Gold, silver, lead, copper.

G. O.; Emmons,
S. F.

66 | Colfax.............. Cal .......... 925 | Lindgren, W.._....... Gold, stone,” clay, water
supply.

67 | Danville............ IN-Ind....... 228 | Campbell, M. R....... Coal, clay, gravel, under-
ground water.

68 | Walsenburg ........ Colo.......... 9d4 | Hills, R.C ............ Coal, stone, clay, artesian
waler.

69 | Huntington ........ W.Va.-Ohio..| 938 | Campbell, M:R....... Coal.

70 | Washington........| D.C.-Va.-Md.| 465 | Darton, N. H.; Keith, | Gold, iron, . ¢lay, stone,

A. road materials, green-
sand marls, underground
water. )

71 | Spanish Peaks...... Colo.......... 950 | Hills,R.C ............ Coal, stone, gold, silver,

. artesianwater.

72 | Charleston ......... 938 | Campbell, M.R .. Coal, salt, oil, gus, iron

73| CoosBay ........... 871 | Diller,J-S ............ Coal, gold, stone.

74 | Coalgate............ . 080 | Taft,J. A ............. Coal, stone, clay.

75 | Maynardville 963 | Keith, A.............. Marble, coal, stone, lead,
zine, lime, road materials,
clay, water power.

76 | Austin.............. Texoooooinio 1,030 | Hill, R.T.; Vaughan, | Oil, stone, lime, clay, ce-

T. . ment, artesian water,




16

‘CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1903.

[BULL. 225.

List of geologic folios, showing mineral resources described—Continued.

Darton, N, H.; Smith,
W.S.T.

L . Area - Mineral products described
No. Name of folio. State. . in Author. as occurring in area of
. 8q.m. folio.
77'| Raleigh ............ W.Va........ 944 | Campbell, M.R....... Coal.
78 | Rome............... Ga.-Ala ...... 986 | Hayes,C.W........... Bauazite, iron, slate, lime,
.79 | Atoka .............. Ind.T........ 986 | Taff,J.A.....ccceen.en Coal, stone, clay.
80 | Norfolk............. Va.--N.C...... 1,913 | Darton,N. H.......... Sand, clay, underground
81 | Chicago ............ Ill.-Ind....... 892 | Alden,W.C........... Stone clay molding sand,
watér power, water sup-
ply:
82|Masontown-|Pa............ 458 | Campbell, M.R..... .| Coal, oil, clay, stone, glass,
Uniontown. . sand, iron.
83 | New York City..... N.Y.-N.J 906 | Merrill, F.J.H.; Hol- | Trap, marble, granite, road
lick, A.; Darton, material, clay, iron, water
Ho power, water supply.
84 | Ditney ............. Ind........... 938 Flé}l]%i‘, M. L.; Ashley, | Coal, gas, clay, stone, iron.
85 | Oelrichs...........:| S.Dak.-Nebr 871 | Darton,N.H.......... Stone, gypsum, lime, vol-
canic ash, wunderground
water.
86 | Ellenshurg......... Wash..coeou.. 820 | Smith,G.O........... Building stone, road metal,
. . ground waler, artesian
. - water.
87 | Camp Clarke....... Darton,N.H.......... Volcanic ash. *
88 | Scotts Bluff....... efeeeei@oiiii] 892 ..... s [ S Voleanic ash.
89 | Port Orford......... Diller,J.S ..cceaneien. Coal, gold, platinum,
90 | Cranberry. .. Keith, Arthur ........ Mica, gold, brick clay, iron
ore. .
91 | Hartville Smith, W.S.T ........ Iron ore, copper, limestone.
92 | Gaines........ F%lvleé, M.L.; Alden, | Odl, coal.
93 | Elkland-Tioga .....| Pa............] 445 |..... A0 e, Flalgstone, limestone, grav-
94 | Brownsville-Con- Campbell, M.R ...... Coal, natural gas.
nellsville, | )
95 | Columbia Hayes, C. W.; Ulrich, | Phosphate, iron.
9 | Olivet ... Todd,J.E.........eun. Granite, limestone, quartz-
ite.
97 | Parker..............|.....do........| 871 |..... [ 1 S, Quartztite, chalkstone, ce-
ment.
98 Tlshommgo ........ Taff,J.A.............. Granite, limestone.
99 | Mitchell . . Todd,J.E............. Sandstone, chalkstone..
100 Alexandpm .............. do........ 863 Todd J.E.,Hall,C.M. ngtzite, sandstone, chalk-
stone.
101 | San Luis............ Cal...........]eee....| Fairbanks, H.W...... Bituminous rock, building
o, stone, road meta,] chrome
iron, hematite, manga-
nese, pumice, 'infusorial
" earth.
102 | Indiana . JPa.ll 237 | Richardson,Geo.B .. Coal as ﬁre clay, brick clay,
ding stone.
103 | Nampa .. I1daho ....oooifevueen. Lindgren,Waldemar; Gold coal, opals, building
Drake,N F.. .| stone.
104 ! SilverCity..........|..... do........ 871 |.....do.cuena.... .| Gold, silver, coal, opals.
105 | Patoka ............ Ind.-Ill....... 938 | Fuller, M. L.; Clapp, | Coal, gas, oil, asphalt, fire
F.G. clay, brick clay, bmfdmg
stone, gravel.
106°{ Mount Stuart....... Wash.........|... ...] Smith, G.OI.......... Qold, cop})er, gilver, nickel,
qmck51 ver, coal, stone,
road metal.
107 | Newecastle .......... Wyo.-S.Dak..|....... Darton, N.H.......... Coal, petroleum, gypsum,
bentonite, salt rines,
stone, water supply.
108 | Edgemont.......... Nebr.-S.Dak..|....... Water supply, coal, gypsum,

stone, grmdstones

6. Mineral Resources of the United States.—From 1883 to 1894,
inclusive, an octavo cloth-bound volume bearing the above title was
issued annually, with only two exceptions, the years 1883-84 and

1889-90 being included by pairs in single volumes.

‘The first of this
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series was Mineral Resources of the United States, 1882; the last,
Mineral Resources of the United States, 1893. In 1894 this form of
publication was discontinued, in accordance with an act of Congress,’
and the material was included in certain parts of the sixteenth, seven-
teenth, eighteenth, nineteenth, twentieth, and twenty-first annual
reports.  The separate publication of the series on mineral resources

“was resumed, however, in 1901, in accordance with an act of Congress,
and three volumes of the new series, Mineral Resources of the United
States for 1900, for 1901, and for 1902, havé been issued.

This publication contains a systematic statement of the production
and value of the mineral products of the United States, a summary of
new mineral resources developed, and occasionally short papers on
economic geology, when necessary in accounting for the new develop-
ments. : :

Bull. 225—04——2



INVESTIGATION -OF METALLIFEROUS ORES.

By 8. F. Emnons, Géologist in Charge.

ECONOMIC PUBLICATIONS OF THE YEAR.

- The numbe1 of Survey publications pr 1mar11y devoted to the economic -
geology of metalliferous resources that appeared in the year 1903 was
smaller than in the previous year. This has been due to a.combina-
tion of causes, the most important of which is the fact that the accumu-
lation of material for publication has increased more rapidly than the
Survey facilities for preparing the necessary maps and illustrations,
so that many reports already completed by the authors have not yet
reached the stage of publication. The list includes the following -
bulletins: ' ' .
Bulletin No. 202, Tests for Gold and Silver in Shales from Western Kansas, by '
Waldemar Lindgren.

Bulletin No. 219, The Ore Deposns of Tonopah, Nevada (Preliminary Report), by
J. E. Spurr.

To this may be added the followmg pr ofesclonal papers, presenting
the results of geological reconnaissances in different parts of Alaska,
in which special attention was given to such indications of the existence
of deposits of the useful metfds as might be of value to the prospector:

Professional Paper No. 2, A Reconnalssance of the Northwestern Portion of Seward
-Peninsula, by Arthur J. Collier.

Professional Paper No. 10, Reconnaissance from Fort Hamlin to Kotzebue Sound,
by W. C. Mendenhall.

Professional Paper No. 15, The Mineral Resources of the Mount Wrangell District,
by W. C. Mendenhall and F. C. Schrader.

Second editions of Bulletin'No. 182, byF L. Ransome, on ¢‘ The Eco-
nomic Geology of the Silverton Q,uadungle, Colorado,” and Bulletin
No. 193, on the ““Geological Relations and Distribution of Platinum
and Associated Metals,” by J. F. Kemp, both mentioned in Bulletin
No. 213, have also been published during the year. .

Bulletln No.°202 represents the results of work carried on in the
. spring of 1902, at the instance of the Assistant Secretary of the Interior.
Reports had been current for some time that the Fort Benton shales,

18 '
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which cover a large portion of western Kansas, contain gold in paying
quantities. Those who claimed to have obtained the best results by
assay admitted that a large proportion of their tests gave no values,.
but accounted for these negative results by assumed imperfections in
modern methods of assay. Of others who assayed the material, few
were able to find any gold whatever. The representations of the
believers in the occurrence of gold, to the effect that the shales might
be treated by smelting or some other process. at a profit, naturally
appealed to the imagination of those who owned land in that region,
since the quantity of these shales on their land is practically unlimited.
With a minimum estimate of profit of only a dollar a ton one might
calculate a half million dollars to the acre, and it would take compara-
tively few square miles to pay the national debt, as there was no rea-
son for assuming that one part of the shales was richer than another.
It seemed highly improbable, however, that gold could be extracted
from the shales at a profit by any known process, even if they
contained as much gold as the most enthusiastic advocates claimed for
them.

Mr. Lindgren’s samples (19 in number) were taken, and the assays
(77) were conducted, it is hardly necessary to say, with great intelli-
gence, care, and accuracy. Their results showed that the vast majority
of the samples contained no trace of gold whatever, values' of a few

- cents being found in a small number of the specimens, which, how-

ever, could not always be found on a repetition of the assay.

These results, though convincing to the scientific mind, do not nec-
essarily affect opinions that are based on the supposed unreliability of
assay methods, though Mr. Lindgren gives good scientific reasons why
these methods are the most reliable for determining the presence or
ahsence in rock material of very minute amounts of the precious metals.

The final test will necessarily be the success or failure of practical
attempts to treat the material on a large working scale.

“Bulletin 219 is a preliminary report on the results of Mr. Spurr’s
final examination of the Tonopah district of Nevada, which he com-
pleted during the past summer. Itisa brief summary, notyet checked
by final microscopic and other office work, intended for the immediate
use of those engaged in mining in the district.

Under the system of free distribution recently ordered by Congress,
the first edition of this bulletin was exhausted on the day of its publi-
cation. The report is, however, reprinted in this bulletin. '

ECONOMIC PUBLICATIONS IN PREPARATION. -

Other investigations of metalliferous ores which have been brought
to completion during the past year, reports of which will soon appear
as professional papers, are as follows:

Professional Paper No. 12, Ore Deposits of the Globe District, Arizona, by F. L.
Ransome. ‘
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Professional Paper No. 21, Geology and Ore Deposits of the Bisbee Quadrangle,
Arizona, by T. L. Ransome.

Professional Paper No. 24, Zinc and Lead Depomts of Northern Arkansas, by
George I."Adams.

Professional Paper No. 25, Copper Deposits of the Encampment Quadrangle,
Wyoming, by A. C. Spencer.

Professional Paper No. 26, Economic Resources of the Northern Black Hills, by
J. D. Irving. :

Professional Paper No. 27, (rcologlcal Reconnaissance Across the Bitterroot Range
and the Clearwater Mountams in Montana and Idaho, by Waldemar Lindgren.

Professional Paper No. —, Ore Deposits of the Bingham Mining District of Utah,
by Arthur Keith and J. M. Boutwell.

Professional Paper No. —, Copper Deposits of .the Clifton-Morenci District, Ari-
. zona, by Waldemar Lmdgren

An abstract of Professional Paper No. 26 appears in subsequent
pages of this volume.  Abstracts of all the others havc already heen
published in Bulletin No. 213.

The following geologic folios, which contain matter of economic
importance, are also in more or less advanced stages of preparation:

Franklin Furnace, New Jersey, by J. E. Wolif.

Globe District, ‘Arizona, by F. L. Ransome.

" Nampa, Idaho, by Waldemar Lindgren.

Silver City, Idaho, by Waldemar Lindgren.

Bisbee District, Arizona, by F. L. Ransome.

Silverton, Colorado, by Whitman Cross.

Bradshaw, Arizona, by T. A. Jaggar jr., and Charles Pd].ddle

Redding, California, by J. S. Diller.
Sturgis-Spearfish, South Dakota, by T. A. Jaggar, jr.

ECONOMIC WORK ON METALLIFEROUS DEPOSITS IN PROGRESS.

The economic work done during the past field season is briefly
noticed below, by geographic sections, Stateb, and Territories, alpha-

- betically.
ALASKA.

Field work in Alaska was actively carried on during the last season

by geologists under the general charge of Mr. A. H. Brooks.
Yy geolog g g

Concise statements of the results accomplished are given in the follow-

ing pages under these titles: :

(1) Placer Mining in Alaska in 1903, by Alfred H. Brooks.

This paper gives a broad general review of the present conditions of
placer mining in various parts of the Territory, with recommendations
as to their possible amelioration.

"(2) The Juneau Gold Belt, by Arthur C. Spencer.

This is an account of the geological relations and developments of
the gold-bearing deposits in the nei ohbmhood of Juneau, in southeast-
ern Alas] a, whlch also includes the famous Alaska Treadwell and
adjoining mines.
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(3) The Porcupine Placer Mining District, by Charles W. Wright:

This describes a comparatively new placer district, also in south-
eastern Alaska, to the novthwest of the Lynn Canal.

(4) The Gold Placers of the Fairbanks District, by L. M. Prindle.

This describes the geology and placers of a new district about which
there was some excitement during the past season in the upper
portion of the Tanana Valley..

(8) The Kotzebue Placer Gold Fiéld -of the Seward Peninsula, by F. I. Moffit.

This describes the placer developments on the northeast slope of
the Seward Peninsula along the shores of Kotzehue Sound.

(6) Tin Deposits of the York Region, Alaska, by Axthur J. Collier.

This gives an interesting description of the newly discovered tin
deposits at the western extremity of the Seward Peninsula, which are
among the few occurrences of ore in place yet opened in this extreme
northern region. Although the developments are as yet too limited
to afford an entirely S'l,tquctm y idea of the manner of occurrence of
the ore, they afford valuable data with regard to their mineral associ-
ation. They occur generally in or near bodies of granite, but it is
not yet certain whether they are all strictly contact phenomena.

APPALACHIAN REGION.

During the field season of 1903 various reconnaissance examinations
of metalliferous deposits have been made in the Appalachian region.
The following are noticed in the succeeding pages:

Gold Quartz Veins in Maine and Vermont, by George Otis Smith.

This is the result of an examination of various quartz veins which
were said to carry gold in paying quantities.

Notes on Cupriferous Deposite of Vermont, by W. . Weed.

Some Georgia Copper Deposits, by W. H. Weed and T. L. Watson.

"~ Notes on Copper Deposits in New Jersey, by W. H. Weed.

The first two deposits noted belong to the general zone of large
pyritiferous deposits in the crystalline rocks which stretch along the
front face of the Appalachians from Georgia to Nova Scotia.

- The New Jersey deposits are associated with the sandstones and
traps of the Newark system. .

These are reports of preliminary observations made in a general
investigation of the cupriferous dep051ts of the entire Appalachian
system.

Recent Zinc Mining in Fast Tennessee, by Arthur Keith.

This gives the result of an examination of zinc deposits in the upper
part of the Knox dolomite, in the center of the eastern Tennessee
Valley between Knoxville and Morristown. The ores, which are zinc
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blende altered to carbonate and silicate near the surface, occur in
brecciated zones in the limestone of which they form a part of the
cementing material.

CALIFORNIA.

Economic Geology of the Redding Quadrangle, by J. S. Diller.

In the course of his areal mapping of the -Redding quadrangle in
northern California, which he completed last summer, Mr. Diller gath-
ered data on its general economic resources, which will appear as part
of the text of the folio. An abstract of thisreport is given elsewhere
in this volume. The data on copper ore was given in less complete
form in Bulletin No. 213.

COLORADO.

The only economic work in Colorado during the past season has been
the resurvey of the Cripple Creek district, which has been undertaken
in cooperation with the State authorities, halt the expense bemg paid
by Colorado.

The original field work in this district was completed ten years ago,
and in the time that has elapsed mining developments have been car-
ried on most actively to a depth, in many places, of over 1,000 feet.
The district is the largest gold producer in the United States, and the
mine owners are naturally desirous of knowing whether the geolog-
ical conditions of the district shown by the present developments indi-
cate any probable falling off of the ores with depth. The extent of
ground to be studied was so great, and the problems to be solved so
delicate, that it was deemed wise to employ two of our best geologists -
to do this piece of work. Messrs. Lindgren and Ransome were thus
assigned to it, it being arranged that, while they divided ‘the field
between them, each should be cognizant of and verify all important
conclusions arrived at by the other. They were assisted in the field
by Messrs. Graton and Rock. Mr. Ransome carried on his field work
continuously during the summer. Mr. Lindgren was called out of
the country by private business at the end of July, but returned in
January, and will complete his part of the field work in April, 1904.
The present condition of the work is as follows:

The revision of the areal or surface geology is completed and over
half of the underground work is done. Under these conditions it is
not practicable to present any: preliminary report. It can only be said
that evidence of secondary enrichment has not been found in the ore
bodies thus far studied, and this, as far as it goes, is in favor of the
permanence of the rich ores in depth. The work will be pushed to
completion as rapidly as its delicate nature and the Survey facilities
for carrying it on will permit.
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IDAHO.

A special examination of the Coeur d’Alene mining district of Idaho
is in progress. The area to be surveyed covers two 15-minute sheets,
or one-eighth of a square degree. Mr. Calking has been occupied
during the summer on the areal geology of the region—that is, the
geological mapping. . This work was not completed before the field
season was closed by snow. Completion of the areal geology and
investigation of the ore deposits will be carried on during the commg
season. No preliminary report is made.

INDIAN TERRITORY.

Reported Gold Deposits of the Wichita Mountains, by H. Foster Bain.

This presents the results of an examination of the mines and pros-
pects of the district, made for the purpose of determining whether the
land is mineral land under the Government definition. The most
promising and important prospects were visited and their ores care:
fully sampled. These were then assayed in the laboratory of the Sur-
vey, with the resuit that no trace of gold was found in any of the
samples, and in only one or two cases was a small percentage of cop-
per or lead found: '

TLLINOIS.

Lead and Zinc Deposits of Illinois, by H. Foster Bain.

This is a veview of the present condition of the mining industry of
these two metalsin the State of Illinois, the main production at pres-
ent being from zinc ores, mostly sulphldcs, in the northwestern part
of the St;ate

NEVADA.

Economic Geology of the Silver Peak Quadrangle, by J. E. Spurr,

During the past summer Mr. Spurr made an examination -of the ore
deposits of the Silver Peak quadrangle, an area lying southwest of
Tonopah, along the Nevada-California boundary. In this area mining
has been carried on very intermittently since 1864. It contains a large
amount of low-grade ores, carrying values in gold and silver. Litiga-
tion has been one of the causes which have retarded its development.
Another probable cause may be found in the rather unusual character
of the deposits from a geological standpoint. They are not true veins
in the ordinary sense of the word. The most important quartz bodies,
according to Mr. Spurr, are offshoots from a very siliceous granite;
others are contact deposits in limestone around the periphery of the
granite bodies. In either case it is difficult to foretell their probable
extent in depth. The extremely arid character of the region is, more-
over, a serious obstacle to cheap exploitation. The intelligence and

~
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energy of the American miner will probably find means to overcome
these difficulties, and from the future development of the mines it is
hoped that valuable information may he obtained with regard to the
characteristics of this rather unusual class of ore deposits.

Notes on the Geéology of the Goldfields District, Nevada, by J. E. Spurr.

The Goldtields district lies about 28 miles southeast of Tonopah.
It was briefly examined by Mr. Spurr during the past summer, and
the above-named paper, which :is printed in a subsequent part of this
volume, contains his notes on the geology of the region. The ore
deposits themselves were as yet too little developed to permit any
judgment to be formed as to their probable value.

SOUTH DAKOTA.

" Qre ]jeﬁosits of the Northern Black Hills, by J. D. Irving.

This paper, which appears in a subsequent part of this volume, is an
abstract of the report on the mineral resources (mainly gold) of the
northern Black Hills, now in process of publication.

UTAH.

Park City Mining District, by J. M. Boutwell.

The study of the geology and ore deposits of the Park City mining
district has been continued during the past summer by Mr. Boutwell
and his assistants. This district is situated in the most complicated
part of the great Wasatch Range, which itself is remarkable for its
complex geological history, and it has been of the utmost importance
to decipher the geological structure of the region, for this affords the
only sure guide for the miner in following his ore bodies.

The working out of this structure has been rendered especially diffi-
cult by the peculiar local conditions, and it was not until autumn that
Mr. Boutwell was able to consider this portion of his labors completed
and undertake the detailed examination of the mine workings in the
light of the knowledge thus acquired. As a consequence of this delay
the underground work is not yet completed. In the latter part of this
volume Mr. Boutwell gives a sketch of the general results achieved
since the publication of his preliminary notes in Bulletin 213. He
also gives the result of an examination of iron deposits in the Uinta
Mountains, farther eastward, which are especially interesting because
of the general absence of the deposits of the useful metals in that
range. ‘



INVESTIGATION OF NONMETALLIFEROUS ECONOMIC MINERALS.
By C. 'W. HAYEg, Geologist in Charge.

The investigation of the nonmetalliferous minerals has been carried
on during the year 1903, as heretofore, largely in connection with work
on areal geology. In addition to such incidental investigations, how-
ever, certain classes of deposits have ‘been independently studied.

Iron ore..—A systematic study of the Lake Superior iron-ore dis-
tricts was completed during the year by the publication of monographs
on the Vermilion district, by J. Morgan Clements, the Mesabi dis-
trict, by C. K. Leith, and the Menominee district, by W. S. Bayley.
Field work has been continued in the Lake Superior region during the
year, chiefly by Messrs. Leith and Smith, for the purpose of preparing
a final summary report on the entire region. Under the general super-
vision of C. R. Van Hise an investigation of the Baraboo district has
been made by Samuel Weidman, of the Wisconsin survey. A brief sum-
‘mary of his conclusions appears in this bulletin, in Mr. Leith’s paper.

During the year there has been a renewal of interest in the iron-ore
deposits of the West, and two groups of deposits in Utah have been
examined—one in the Uinta Mountains, by J. M. Boutwell, and one in
southern Utah, by C. K. Leith. A brief statement of their «,oncluswns
appears in thls volume.

Fuels.—The fuel resources of the country have received a large
share of attention during the past year. In the Appalachian field
M. R. Campbell and his assistants have been actively engaged in
detailed areal work in the bituminous field of Pennsylvania, and sum-
mary reports on this work have been prepared by Messrs. Burrows,
Stone, and Butts. Mr. Campbell has made a special study of the
Meadow Branch coal field in West Virginia, a brief report on which
appears in this volume. This field is at present attracting considerable

_interest on account of the character of the coal and its proximity to
the eastern markets. The coal is essentially an anthracite, occupying
an isolated hasin a long distance east of the main Appalachian coal
field. It may be regarded as the southernmost representative of the
anthracite coal bfmsms of Pennsylvania. :

Mzr. George H. Ashley has continued the work begun in 1902 on the

(Annbmhnd Gap coal field, in cooperation with the State of Kentucky,

rlTnvcgtig.ntions of the ores of iron and aluminum are made by the scetion of the Survey having
charge of the economic geology of nonmetalliferons minerals,
25
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and has prepared a hrief summary report on the structure of the field
and the character and distribution of the coal.

.. Mr. W. T. Griswold has continued his detailed investigation of the
geologic structure in the southeastern Ohio oil fields, the methods and
results of which were described in the last economic bulletin (Bulletin
218). The work ‘has been extended eastward from the Cadiz quad-
1anglo over the adjacent Steubenville quadrangle. Imp01 tant conclu-
sions have heen reached regarding certain necessary ‘modifications of
the anticlinal theory of oil and gas accumulation, a statement of which
will be made in a forthcoming bulletin of the Sulvey

During the past season George I. Adams and assistants madea detailed
1nvest1gatlon of the lola oil and gas district. Special attention was
given to the measurement of gas pressures and volumes in order to
determine the probable life of the field.

Mr. N. M. Fenneman has completed the investigation of the Boulder
oil field, and is preparing a full report on the geology and mineral
resources of this district. A summary of this report, giving important
conclusions regarding the structure of the field and its relation to the
oil pool, appears in this volume. :

One of the most important investigations on the fuel resources of
the country undertaken during the past season was that by G. C.
Martin on the petroleum fields of Alaska and the Bering River coal
fields. While the amount of development in the oil fields has not yet
been sufficient to enable conclusions of great importance to be reached,
Mr. Martin’s work has brought to light extremely valuable coal depos-.
its, which must be of the highest importance to. the entire Pacific coast
of America.

Cement, stone, and other building materials.—The policy of summa-
rizing each year all available information regarding some important
mineral product has been carried out during the past season by the
investigation of the cement resources of the United States. The work
has been in charge of E. C. Eckel, who visited all producing cement
districts and personally examined a large proportion of the. cement
plants. The results of his work on this industry will therefore contain
much more than a summary of existing knowledge, since he has been
able to make extensive observations on the geological occurrences of
the cement materials and the technical and commercial conditions sur-
rounding its manufacture. Special attention was given to the investi- -
gation of the industry in Alabama and Mississippi in view of the great
activity of the industry in those States in preparation for the probable
demand in the construction of an Isthmian canal. The geological rela-
tions of the Alabama cement materials were investigated by State
geologist E. A. Smith, and he has prepared for this volume a brief
summary of his report. The Lehigh district received special attention
by Mr. Eckel, on account of the great volume of its production,
and a short paper on the district appears in this bulletin.. Mur. Eckel
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is now preparing a voluminous report, which will be pubhbhed durlng
the year 1904.. :

In connection with his investigation of the cement resources Mr.
Eckel visited numerous slate quarries throughout the country with-the
" expectation of making a systematic examination of the slatges of -the
United States during the coming year. He has prepared a brief account
of certain slate deposits in California and Utah for this volume, which
also includes notes on Arkansas roofing slates by T. Nelson ‘Dale.

Clays have been examined in many localities in connection with the
preparation of geologic folios. Important deposits have been exam-
ined, particularly in Pennsylvania, and a report on the clays of the
Ohio Valley in Pennsylvania has been prepared for this volume by
L. F. Woolsey. Investigation of clay resources- has been made by
H. E. Gregory in connection with folio work in the Connecticut
Valley, and by Mr. Fenneman in the Boulder district, Colorado. A
syst;cmatic examination of the clays of Mississippi has been undertaken
in cooperation with State OﬁlCI‘le, the work belng done by A. F. Crider-
under Mr. Eckel’s supervision.

Gypsum, salt, sulphur, etc.—A systematlc summary of information
relating to the gypsum deposits of the United States has been made
during the past year under the direction of George I. Adams. Chap-
ters on the deposits of the various States have been contributed to
this report by specialists particularly familiar with the subject. This
report is now in press. In addition to summarizing existing informa-
tion it contains a large amount of new information, the results of per-
sonal examinations of the various deposits by the experts employed to
contribute the several chapters.

The salt mdustly of Utah and California has been 1nvest1gated by
Mr. Eckel in connection with his work on the cement deposits, and a
brief report has been prepared for this volume. Mr, Adams visited
the Rabbit Hole Sulphur .mines, near Humboldt Housc, Nevada, and
has prepared a report upon the geological relations and dcvclopment
of these deposits. In connection with his work on the Silver Peak
quadrangle, Mr. Spurr examined the natural alam deposits in Esmer-
alda County, Nev., and has prepared a brief report upon them.

Mascellaneous nonmetalliferous minerals—The fluorspar deposits of
southern Illinois were investigated by Mr. Bain in connection with
his studies of the lead and zinc deposits of the Mississippi Valley. He
has reached important conclusions regarding the relations of the fluor-
spar and the associated lead and zinc, and has made a special study of
the development of these deposits in their commercial aspects. The
deposits of graphite in the eastern Adirondacks have been examined
by J. F. Kemp in connection with his folio work, and a brief report
has been prepared for this volume. Deposits of barite in southern
Pennsylvania have been examined by G. W. Stose, also in connection
with folio work, and a brief report has been prepared for this volume,



GOLD AND SILVER.

In addition to the papers here included, which represent the results
of recent work by the Survey in important precious metal mining
districts, other reports bearing incidentally on the subject of gold and.
silver will be found under the head of ‘* Copper,” on pages 169 to 201.

THE JUNEAU GOLD BELT, ALASKA.

By Arrrur C. SPENCER.

INTRODUCTION

In the summer of 1903 the writer and Mr. Challeb W. Wright made
a detailed study of the geology and mineral resources of a limited
area, including the Alaska-Treadwell and associated mines near Juneau,
Alaska. In addition to this work, visits were made to nearly all the
mining camps of the mainland portion of southeastern Alaska, between
Windham Bay, about 75 miles southeast of Juneau, and the Porcupine
placer district, in the Klehini and Salmon river basins of the Ch]lkat'
River drainage, about 120 miles to the northwest.

The Juneau gold belt resembles the gold belt of California in several
ways. Not only are the various rocks Wthh occur in this part of south-
eastern Alaska similar in character and partly equivalent in age to those
forming the country rock of the Mother Lode district, but there is as
well a definite linear distribution of some of the gold-bearing veins
- parallel with the general strike of the bed-rock formations, though, as
in the neighborhood of the noted systems of veins in the California
gold belt, there are many independent deposits lying outside the main
complex of lodes.

Prospecting has been in progress in different parts of this belt since
1876, but the main incentive to vigorous exploration came with the
discovery of the Gold Creek placers and the founding of Juneau in
1880. Several early attempts to work gold veins occurring adjacent
to the productive placers in the Silver Bow Basin, at the head of Gold
Creek, were unsuccessful, the first mine to be put upon a productive
basis being the Alaska-Treadwell, on Douglas Island, about 2 miles

28 - . '
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southwest of Juneau. This property was opened in 1881, and it con-
tinued to grow in importance for several years, so that by 1889 it had
reached its present rating as one of the great mines of the world.

The success of this enterprise was an incentive to prospectors, the
region had become favorably and somewhat widely known, and capital
appeared to be ready to prove the value of several properties when, in
1896, the discovery of the Klondike gave a great impetus to prospecting
in the interior of British Columbia and Alaska and caused the mineral
region tributary to Juneau to be temporarily abandoned as a field for
investment. The gold fields of the interior turned out to be of more
than passing value and the exploitation of their rich placers has nat-
urally held the main interest of both investors and promoters, to the
great disadvantage of the longer known, though less rich, coastal region,
the development of which would have involved greater outlay and
slower returns. It may be said that only now, after seven years, has
the district regained the position which it appears to have held in 1896.

At present a growing interest in the gold belt here under considera-
tion is appavent from the number of properties which have recently
changed hands, from the number of experienced engineers making
examinations in the field with a view to acquiring property for their
clients, as well as from the demand for experienced miners, which is
continually bri mgmg new men into the Territory. ,

The number of miners and laborers at present engaged in the region
is estimated as follows:

Number of miners estimated to be engaged in. Juneaw region, Alaska.

Independent prospectors ... ... . ioiiiiiiiiiiiciii.. 140
Douglas Island mines...... ... ... ol e 900
Mainland mines south of Junean .. _...._ .. ... ... ... ....... 80
Mainland mines near Juneau. .. ....._ ... ... .. ainoa.. " 80
Mainland mines north of Juneaw .............. .. ... ..._... 90
On other islands, mining and prospecting . ........_............ 50
PlaCErS oo m e et et e et S 100

TOUAL - e e e e e e e e e 1,440

About 30 per cent of the miners in the region were engaged in
prospecting and preliminary development during the year, and indi-
cations are that the exploration of properties recently purchased hy
outside parties will materially increase the proportion of men engaged
in work not immediately productive.

In 1903 there were seven productive mines in the district in addition
to the placers of Porcupine and adjacent creeks. These were the
Alaska-Treadwell, Alaska-Mexican, and Ready Bullion, on Douglas
Island; the Silver Quccn on the mamland opposite; the bumdum Chief,
60 mllcs to the south, now worked out and abandoned; and the Alaska-
Juneau and Ebner mines, in Gold Creek, both of which will soon be
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opened on a large scale. The product of these mines for the year is
estimated at $2,400,000, while the total output of the belt to the end
of 1903 has been more than $20,000,000.

Several properties which were formerly worked are not now pro-
ducing bullion, either because they have been worked out or because
the conditions of further development would “involve too great an
increase in mining tosts.

The examinations which have been made indicate that the known

prospects in the belt tributary to Juneau are of sufficient promise to

warrant all the work now in progress and the expenditure of still
more capital in development work. There is still room in this field
for development companies with adequate capital for acquiring con-
trol of promising properties to be explored and sold to operators when
their value has been proved. The participation of new interests,
" which seems about to begin, will undoubtedly bring about a rapid
quickening of the mining industry, but the development of the field
has reached a critical stage, and owners of unproved or partially
explored claims should remember that, though experienced operators
are willing to pay good prices for properties of determined value, it
can not be expected that they will make the heavy cash payments often
demanded for the privilege of risking larger sums in developing mere

prospects. It is commonly reported that overleaching in this direc-

tion has already done much to retard the progress of mining oper atlons
in the J uneau belt. :

GEOLOGY.

The observations of the summer were confined almost entirely to
the mainland opposite Stephens Passage and Liynn Canal, where a belt

nearly 200 miles in length was examined with sufficient care for the -

determination of its main geologic features. The results of this work
will be published in a report dealing with the geology and mineral
deposits of the district, which will contain a topographic and geologic
map of the mainland from Windham Bay to the head of Lynn Canal
and the Porcupine district.

Structure.—In the mainland belt northward from Wmdham Bay the
bedded or sedimentary formations all strike northwest and southeast,
and dip, almost without exception, toward the northeast into the
mountains. The igneous rocks closely follow the structure of the
sediments, as a rule, so that viewed either in detail or in their general
relations the rocks are found to occur in bands parallel with the
general trend of the coast. : :

Dzwvesion of the rocks.—The rocks may be grouped into three series,
which are named in the order of their occurrence from southwest to
northeast: (1) Black slates and black limestones alternating with green-

~~
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stones, and more or less metamorphosed; (2) high] y metamorphic
schists; (3) intrusive d1011tlc rocks, forming the main mass or core of
the Coast Range.

The average width of the sedimentary belt on the mainland is about
6 miles, while the diorite zone is from 50 to 80 miles across, and there-
fore extends into Canadian territory.

Black-slate-greenstone series.—The series composed mainly of black
slates and greenstones, with some beds of limestone, occurs all along
the shores of Stephens Passage and Lynn Canal up to the crossing of
the great mass of dioritic rocks about 80 miles below Skagway. It
occurs also on many of the adjacent islands of the Alexander Archi-
pelago, but its westward extent has not been determined. The slates
have been derived from fine-grained carbonaceous shales, their slaty
cleavage being a secondary structure produced by pressure metamor-
phism which accompanied folding and upturning of the rocks of the
region. Carbonaceous matter, which occurred in the original shales,
has been converted almost entirely into graphite, which is disseminated
throughout the slates and is encountered in large amounts in some of
the mines.. The limestones sometimes contain graphite, but as a rule
their carbonaceous matter has not been crystallized by metamorphic
action, and freshly broken fragments usually give a strong odor resem-
bling that of petroleum, which indicates the presence of hydrocarbons.
Fossils of Paleozoic age have been found in the limestones belonging
to the series at Taka Harbor, 20 miles south of Juneau, and lower
Carboniferous forms occur in the Porcupine district, 120 miles to the
northwest, but near Juneau organic remains have not been found.

The greenstones interbedded with the slates are mostly volcanic
rocks, which flowed out over the surface at different perviods during
the deposition of the sedimentary strata in which they occur.

Schast series.—East of the slate-greenstone series, and sharply defined
from it, there is a series of highly metamorphic schists, characterized
by hornblende, mica, and garnet. A few hands of quartzite and lime-
stone are intercalated in the schists, which, in connection with exist-
ing strata-like alternations in the composition of the schists, prove the
sedimentary origin of the series. The schists occupy a belt about 3
miles wide opposite Juneau, but their area of outcrop narrows in both
directions along the strike, and they are not found beyond 30 miles
northwest of Juneau, being gradually cut out by Coast Range diorites.

Coast Range inirusives.—Beyond the schists, when these are pres-
ent, but elsewhere occurring next to the slate-greenstone series, coarse
granular rocks having the appearance of granite occur. These form
the great mass of the Coast Range, not only opposite Stephens Pas-
sage and Lyun Canal, but throughout the corresponding mountains
which border Pacific Ocean southward nearly to the boundary between

B
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- British Columbia and the State of Washington. The intrusive rocks

of this zone have been grouped by Dawson under the name of Coast
Range granite, and they have been described in general terms as
hornblende-granites. With our present knowledge this designation
can not be followed consistently, because in the portion of the belt
which has-been examined with more or less care by the geologists of

the Survey, dioritic rocks are the rule and granites the exception.

In the Juneau district the diorites show a considerable variation not
only in the main mass which bounds the sedimentary rocks, but also in
the outlying arms and stocks which are intrusive in the SChlth and
black slates. Some of the masses are normial hornblende-diorites or
quartz-diorites, others are granodiorites, while an extreme variety is
the albite-syenite, occurring in the Treadwell mines. In general, the
rocks are closely related and similar in appearance to the granular
intrusives of the Sierra Nevada. -

The diorite masses generally follow the stratification of the older
rocks. Locally there is a certain amount of crosscutting, and in the
case of the main contact the amount of transection is measured by the
varying width of the schist band, which is noted above.

The main mineralization of thé Juneau belt occurred subsequent to

‘the intrusion of the diorite, in which respect the deposits correspond

in general with those of the gold belt of California.

THE GOLD VEINS.

The principal geologic features of the Juneau region have been
described in the foregoing paragraphs. It seems' appropriate to
speak of the mainland strip which is accessible from the waters of the
inland passage as the Juneau gold belt, for the reason that gold is
found very generally distributed throughout the area in which the
crystalline schists and the slate-greenstone series outcrop. In the
former band, however, and in the main diorite of the mountains back
of the coast, but little promise has been found of valuable mineraliza-
tion, such veins as exist being mostly mere stringers, showing little
tendency toward segregation into workable lode systems.

All of the promising prospects, working lode mines, and placers
of the Juneau belt occur in the outer part of the mainland strip or on
Douglas Island adjacent, either in the slate-greenstone band or in

" intrusive masses of diorite which lie outside of the main core of the

Coast Range. 1In the aggregate gold-bearing quartz veins or other
forms of mineralization are distributed throughout the whole exposed
width of this band between its inner boundary next to the crystalline
schists and the channels which separate the mainland from the adja-
cent islands. Although only their large geologic features are known,
many of these islands contain mineral veins, and Admiralty Island,
which parallels the coast for 70 miles opposite the Juneau belt, affords
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indications which have warranted considerable prospecting each year.
The rocks are in part lithologically similar to the slates of the Juncau
belt, and the island is separated from Douglas Island by a channel in
places less than 2 miles wide. The distance between known areas of
mineralization on the two island$ is much less than the width of the
Juneau belt, and it seems that, though practically separate, the island
and mainland belts are two parts of a wide zone of mineralization,
divided longitudinally by Stephens Passage.

The Admiralty belt has not been studied with care, but many. of its
features conform with those of the Juneau belt. In both belts many of
the veins and composite lode systems follow the strike of the country
rocks, frequently holding to the vicinity of contacts between beds of
different character, such as slate and greenstone. Composite lode sys-
tems, such as Bcgkel has called stringer leads, are perhaps a charac-

teristic type for the region at large, but in tho Juneau belt there are
many crosscutting veins which are sometimes well defined for long
distances when contained in massive rocks, such as diorite, or green-
stone which has not received schistose structure. In the slates cross-
cutting veins are seldom found, because these rocks are too flexible to
break w1th extensive continuous fractures.

Toward the northwest both the Admiralty and the Juneau Delts
should appear on the west ghore of Liynn Canal, the course of which
is slightly diagonal to the strike of the formations. Reports of the
comparatively small amount of prospecting which bas been done in
this region suggest that the veins occurring in the vicinity of James
Bay and Endicott River correspond in a general way with the Admi-
ralty belt, while mineralization existing on Sullivan Island lies directly
in line with an extension of the Juneau belt beyond the Berners Bay
 district. Measured across the strike of the rocks the distance hetween
the known deposits of the two belts is practically the same as that
already noted between deposits on Douglas and Admiralty islands, and
it is believed that future work in the region west of Liynn Canal along
the shores of Chilkat Inlet will demonstrate intervening mineralization.

The data collected during the season have beensufficient to bear out
the previously suggested existence of a main-lode system, which is now
known to follow a definite geologic horizon for a long distance on the
mainland. The observed facts do not warrant the further suggestion
that there are other narrow bands conforming to divisions in the bed-
rock formations, in which profitable mineralization is to be expected
throughout great distances along the strike. It seems, on the other
hand, that outside of the main-lode system mineralization has been
widely and irregularly distributed. Gold veins or vein complexes
may follow or recur along certain beds for several miles, but no zones
of limited width can be designated as specially suited for their occur-
rence and, therefore, as eminently favorable for prospecting. At the

"Bull. 2256—04——3
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“same time, in the neighborhood of known mineralization further
search along the strike is the most logical procedure.

The mazn-lode system.—The most prominent feature of the Juneau
gold belt is a system of stringer leads, which resembles the mother
lode of California. It occupies a band of variable width in_black
slates lying northeast of, that is, stratigraphically above, a thick group
of greenstone beds, which includes the highest of the basaltic flows of
the slate-greenstone series. This group of slates and the underlying
greenstones have been traced throughout the entire length of the
Juneau belt from Windham Bay almost to Berners Bay, where they
are cub out by the transverse contact of the main diorite of the Coast
Range, and at many points throughout this distance a great deal of
veining and mineralization is found.

The greenstones are locally schistose, and where they have this
structure they are sometimes impregnated along surfaces of particu-
larly intense sheeting with sulphides locally accompanied,by gold. 1In
such cases quartz is seldom present. Elsewhere when the rocks are
unaffected by secondary structure they contain stringers, or even
fairly well-defined veins of quartz, which sometimes carry the same
values as the veins in the main lode system. .

The slates in which the quartz veins of the main lode are found bear
a general similarity to those occuring throughout the stratigraphic
band of which they form a part. They are highly metamorphosed,
and having been originally carbonaceous now contain large amounts
of graphite, which, with other secondary platy minerals, is arranged
in conformity with the slaty structure of the rock. Asa whole the
slates are hut little plicated, and their secondary cleavage follows the
original bedding,which in turn is parallel with the greenstone contact.
Locally, as in the Gold Creek mines, where dikes are intruded into
them, there is some intricate folding, and when this feature is present
the secondm y structures do not conform to the original bedding, but
keep their normal attitude parallel to the average position of the
stratigraphic planes.

. The quartz veins which compose the lode are not continuous for long
distances, but occur as independent lenses, or in series of interrupted
overlapping veins closely following the structure of the slates within
a zone which may often attain a width of 100 feet, or again in the form
of stringers filling gashes slightly oblique to the main structure, but
ranged in sets along some particular horizon. Often the large lenses
or stringers are joined by networks of minor veinlets which follow
‘secondary joints arranged with more or less regularity.

MINES OF THE DISTRICT.

Gold Creck mines.—The lode system, which has been described in
general terms, is most strongly developed in the vicinity of Juneau,
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where the Gold Creek placers, which first called attention to the
region, were derived from it, and where several lode mines are now
being developed. Here mineralization is rather irregularly distributed
through the black slates in a zone averaging somewhat more than 800
feet in width, running parallel with the easily recognized outcrop of
the greenstone, which forms the effective foot wall of the vein system.
This vein complex is well defined from the middle slope of Juneau
Mountain, where recent prospecting has been in progress, through
the Ebner, Humboldt, Alaska-Juncan, and Alaska-Perseverance prop-
ertics to Sheep Creek divide and thence southeastward across the basin
of Sheep Creek, a total distance of about 5 miles.

In the northwest half of the portion of this zone which lies in Gold
Creek an important feature is the occurrence of several dikes of
highly altered and sometimes. mineralized rock, commonly known as
diorite or brown rock. The original character seems to have heon.
gabbro, but the rock has suffered so complete metasomatic alteration
that its original nature is seldom observable.

When these dikes are present the quartz occurs mostly in the form
of oblique gash stringers, which often recur along the contacts
between the dikes and the slates. Locally auriferous sulphides,
mostly pyrrhotite, impregnate the body of the igneous rock hetween
the veinlets of quartz, hut the valucs are principally in the veins.
The free-milling ores, which are confined to the northwestern mines
of the lode system in Gold Creek, are said to contain only small
amounts of silver, the bullion sometimes running as low as 4 dollars
of silver in 1,000.

In the southeastern part of Gold Creek the hrown diorite dikes are
smaller and more irregular, and while many cross-cutting stringers
are present in the slate, a large part of the veining takes the form of
interleaved stringers and irregular bunches following the slaty cleav-
age. Here only 1 small amount of pyrrhotite is found, the sulphides
being principally galena and sphalerite, with a small amount of chal-
copyrite. The proportion of silver varies from three to six times the
gold by weight.

Formerly in working the deposits of Gold Creek the quartz was
picked out and milled by itself, but this was not found profitable, and
it is now realized that the only possibility of economic operation lies
_ in the direction of mining and milling a large tonnage of unsmtcd

material.

" The average values of the ores mined in a large way and unsorted
is very low, but the strength and persistence of the lode system leads
to the belief that both mineralization and values will continue to any
depth likely to be reached in mining.

The estimated output of Gold Creek loch, mines and placers to date
is $1,500,000. :



86  CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1903.  [BuLL.2%5.

Sheep COreek mines.—The lode system of Gold Creek extends with-
out interruption southward across the Sheep Creek divide, though its
physical character and its metallic contents are somewhat different.
Strong and fairly continuous veins of quartz occur in the black slates
for a distance of from 400 to 500 feet from the greenstone contact, and
these veins, almost without exception, follow the slaty structure.
Veining is prominent at four horizons, though but two of these have
been systematically explored and worked. The main operations have
been in the Glacier and Silver Queen mines, which have produced in
the neighborhood of $500;000. The sulphides are the same as those in
the adjacent part of Gold Creek, but the silver values are very much
higher, and the ores are really silver ores.

Farther to the southeast, though still undeveloped, the four veins are
well marked and locally mineralized, as far as the Regan group of claims,
beyond which they are covered by rocky débris and vegetation in the
bottom of the gulch. Where they reappear in the ridge between
Sheep Creek and Grindstone Creek they are much less prominent, and
probably too small and too much interrupted to be of value. This
lode system does not seem to attain any importance on the opposite
side of the ridge in the basin.of Grindstone Creek nor upon the shore
of Taku Inlet beyond. ) _

Mines south of Juncawu.—Most of the veins which have been dis-
covered and worked south of Juneau lie on or near the line joining the
mines of Gold Creek with those near the head of Windham Bay.
This line trends about N. 40° K., nearly parallel with Stephens Passage,
and. follows approximately the extension of the contact between the
upper greenstone and the overlying shales.

Southeastward from Sheep Creek no important veining is known
near the contact until the vicinity of Port Snettisham is reached. On
the south side of this long inlet, near Snettisham post-office, about 3
miles from Stephens Passage, there has been considerable prospecting,
and one mine has already produced a few thousand dollars. Again,
at Sumdum, on Endicott Arm, 20 miles farther down the coast, the
black shales carry veins from which approximately $450,000 have
been extracted. From these properties mineralization is fairly con-
tinuous across the intervening mountains to the head of Windham
Bay. ,

Placers located on the streams tributary to Windham Bay were
worked in a small way with more or less profit at various times between
their discovery, m 1869, and 1888. - In 1888 a hydraulic plant was
installed towork deposits of gravel near the mouth of Spruce Creek,
about one-fourth mile from the head of the bay. About the same
time an attempt was also made to work a higher basin on the same
creek, but these large-scale operations failed, presumably because of
inexperienced management, since the possibility of making wages
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with a shovel and pan along the edges of the deposits has been
demonstrated.

Shuck River, the main affluent of Windham Bay, also contains
good-sized gravel deposits, some of which have yielded more or less
profitable returns to sluice-box mining. It is reported that a propo-
sition is now afoot to install a dredge on this river.

The lode mines of the district have received a great deal of atten-
tion, but with discoumging results. Two sorts of deposits have heen
plospccted—quart7 veins and mineralized bands in the slates. The
former are usually crosscutting, containing various sulphides and free
gold, but they are extremely 111ecrula1 md ‘unreliable and are often
mere stringers or bunches, as has been demonstrated in several places.
There are several bands of mineralized slate that contain a large
amount of disseminated pyrite which carries some gold, but these
bodies have not been found sufficiently valuable to constitute even
low-grade ores.

No points beyond Windham Bay were visited, but prospecting is
known to be in progress in the vicinity of Hobart Bay, and it is
regarded as probable that a connection will yet be established hetween
the Juneau gold belt and some portion of the Ketchikan district,
throughout which mineralization is so widely distributed.

- M ines north of Juneau.—At present more attention is being directed

to the northern portion of the mainland belt than to the region south
of Juneau. During the summer of 1903 considerable development
work was done and some promising leads were discovered. and still
greater activity is promised for 1904.

Northward from Juneau the upper greenstone contact can be traced
nearly as far as Berners Bay, though from Mendenhall River, 10 miles
beyond Juneau, its outerop trends less to the west than in the lower
part of the belt. Between Juneau and Mendenhall River no impor-
tant discoveries have been made along the line, but farther north theve
are important placers in McGinnis, Montana, and Windfall creeks,
and the black slates next to the upper greenstones contain many
quartz stringers, both in the creeks named and northward in the tribu-
taries of Cowee Creek. In the drainage of this last stream, a few
miles from Berners Bay, the greenstone and slate beds are cut off by
the transverse contact of the (/owsb Range diorite.

Hydraulic plants were installed in Mc(Grinnis Creek and Windfall
Creek early in the season of 1903, but the exceptionally dry season
made it impossible to operate them and doubtless mining will begin
early in the coming summer.

On the landward side of the well-defined lode system thcle is in the
aggregate a large amount of mineralization, though present develop-
ment has revealed no workable deposits. Stringers of quartz, often
carrying sulphide and gold, are to be found throughout the area of
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schist between the black slates and the main intrusive mass of the
Coast Range, and these intrusives are also known to be mineralized
locally, so that it is not improbable that workable dep0s1ts may yet be
discovered.

On the seaward side of the slate-greenstone contact the number and
importance of the gold.-veins in the northern belt is quite as great as
in the principal lode system. In this region the bands of greenstone
are relatively narrower than farther south, but they are more numerous,
and the slate-greenstone series is therefore less homogeneous. The
many contacts between the greenstone beds and the slates are fre-
quently marked by veins which resemble the stringer leads of the main
system, though they are not traceable through the same distance.
Many of them are, however, well marked and practically continuous
for. several miles. Besides thest, there are also many veins following
well-defined fissures transverse to the structure of the rocks. Such
cross veins are ordinarily confined to massive portions of the green-
stone beds and seldom. if ever, cross the contacts with the slates, which
are not.massive, and therefore ill adapted for supporting continuous
fissures,

‘Only a portion of the slate-greenstone band occurs north of Berners
Bay, the upper or inland portion being cut out by masses of diovite.
A Dbroad band of this intrusive rock, separated from the main mass
which forms the Coast Range by a narrow band of slate and green-
stone, is present south of the bay, and, reappearing on the north side,
‘cuts diagonally across the peninsula between Berners Bay and Lynn
Canal. In this region no mineralization has been discovered in the
black slates, which form the prevailing rock of the end of the penin-
sula. Most of the veins which have been opened within the drainage
of Johnson Creek and Sherman Creek occur in the outlying band of
intrusive diorites. The Jualin, Comet, Eureka, Kensington, and other
properties, are all situated in this formation, most of them on veins
. which fill strong fissures belonging to two systems. The Greek Boy
property, however, is a strong stringer lead, which occurs in the slate
Dbelt near its contact with the main diorite at the head of Berners Bay.

The combined output of the Berners Bay mines to date is estimated
at about $1,100,000.

The Juneau belt can not be definitely recognized beyond the Berners
Bay Peninsula, which it crosses diagonally and beyond which it strikes
into Liynn Canal. Copper deposits which are reported at Sullivan
Island, near the west side of the canal, nearly opposite Davidson
Glacier, may represent a continuation of the belt, but the nature of
the rocks and their stratigraphic position relative to the strata of the
mainland toward the southeast is not known. -The next known gold
deposits toward the northwest are in the Porcupine district of the
Chilkat drainage, 50 miles distant. The gravels which are being prof-
itably worked on several creeks in this district are regarded as of local
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origin, from the facts of their occurrence, though the actual source
of their gold has not been discovered. The country rocks are mainly
black slate, containing some limestone, in which Carboniferous fossils
oceur, but there are no massive flows of greenstone like those of the
Juneau belt, and no sufficiently detailed studies have been made to
warrant correlating these rocks with the slates in the southern districts.
The region lies several miles from the main contact of the dioritic
rocks which form a continuation of the Coast Range intrusives, and
as these invading rocks are crosscutting toward the west in the vicinity
of Berners Bay, it is probable that the rocks of the Porcupine field
belong to the formations which carry mineral veins on Admiralty
Island and on the west side of Liynn Canal, at James Bay, and on Endi-
cott River. A . '

Treadwell mines.—The main feature of interest on Douglas Island is
the Treadwell group of mines, consisting of the Alaska-Treadwell,
700-foot, Alaska-Mexican, and Ready Bullion properties. The mines
are advantageously located on the inner or mainland side of the island,
close to tide water. The ore, which is of low grade, averaging about
$2 in value, occurs in a series of ore bodies lying between a mass
of greenstone on the hanging wall and black slate on the foot wall.
The strike of the deposits and of the country rock is about N. 45° W,
slightly diagonal to the shore of Gastineau Channel, which trends about
N. 40° W., and the average dip toward the northeast is about 50°.

The ore bodies are brecciated masses of intrusive syenite, filled with
a network of quartz and calcite veinlets, and impregnated with pyvrite,
which occurs both in the veinlets and in the rock itself. The gold
occurs both in association with the pyrite and native, and a large,
though variable, proportion of the values are saved by amalgamation.
Visible specks of the metal are sometimes, though rarely, found.

The following associated minerals have been observed: Pyrrhotite
and magnetite are always present, and molybdenite is of common
occurrence; native arsenic, realgar, and orpiment have been noted,
and arsenic is commonly found by the assayer, probably indicating
the presence of arsenopyrite; stibnite occurs in small amounts with
the quartz. Bullion assays indicate only small amounts of silver.

The syenite bodies which have been worked occur as somewhat
irregular dikes. In the Alaska-Treadwell property two of these dikes
are mined, each having a width of about 200 feet. Between them
there is a band of barren slate perhaps 50 feet across, and there are
some minor masses of the country rock incladed in the ore hodies.
The south or foot-wall dike has a known length along the strike of 800
feet, and from the lenticular outline of its horizontal cross section the
entire extent can not be much in excess of this figure. The hanging-
wall dike has been mined continuously for a distance of nearly 2,000
feet through the Treadwell and 700-foot workings, but beyond this -



40 . CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1903.  [BuLL.2%.

toward the southeast there are several separate ore bodies of lenticular
cross section, which occupy the same position under the greenstone,
as is shown in the Alaska-Mexican and Ready Bullion mines. Toward
the northwest only narrow dikes are present where the base of the
greenstone has been pr ospected )

The distribution of values is irregular, as in nearly all gold deposits,
but there is no suggestion of impoverishment in the deepebt workings,
which are nearly 1,000 feet below the sea.

While only the hanging-wall bodies of the syenite have thus far
been found productive, many other dikes of the rock occur for a dis-
tance of about 3,000 feet across the strike of the black slates, toward
the southwest. They are almost entirely confined to this side of the
greenstone, though a few are found between it and the chanuel, and a
large mass forms an‘island about one-fourth mile offshore. Along the
strike the dikes extend for a distance of 8 miles, mainly northwestward
from the vicinity of the mines, and the greenstone may be traced for
a much longer distance in this direction.

OTHER DEPOSITS ON ‘])OUGLAS ISLAND.

Aside from the deposits of altered syenite, the black slates are
locally found to contain systems of quartz stringers or sometimes
_veins of fair size. One of these systems of stringers forms an exten-
sion of the Treadwell deposits, and is traceable for several miles along
the mainland side of Douglas Island, and though it has been plos-
pected to a certain extent no mines have been discovered.

Several other areas of strong mineralization are found on Douglas
Island, two of which occur in the massive basaltic greenstone which
forms the outer two-thirds of the island and may prove of future ‘
value. One of these is situated on Nevada Creek, about 34 miles
southwest of the Alaska-Treadwell mine, where an area of bleached
rock impregnated with small cubes of iron pyrites extends about
1 mile along the creek below the main divide of the island and for a
distance of about 1% miles along the strike of the rocks. Parts of
the altered and mineralized greenstone give fairly good assay, but no
well-defined ore bodics have ‘been discovered. Locally there are nar-
row, irregular veinlets which carry galena and sphalerite, and these
are 11che1 both in gold and silver than the main mass of the rock. A
few irregular quartz veins occur, but as a rule the sulphides are not
accompanied by this mineral.

The second case of mineralization mentioned. above is a zone in the
.greenstone occurring about 1 mile west of the Treadwell deposit.
The mineralized band follows the structure of the rocks and varies in
. width from perhaps 100 to 300 feet. It is-traceable for more than a
_mile by the altered and bleached condition of the greenstone, through
which pyrite is distributed in the form of small cubes similar to those
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occurring in the Nevada Creek deposit. 1t is reported that gold occurs
throughout large parts of the mineralized wass in amounts somewhat
less than $1. Here also, as in Nevada Creek, there are occasional
narrow stringers of high-grade sulphides. Several hundred feet of
prospecting by means of a shaft on the Yakima group of claims has,
however, developed no deposit of workable ore.

POWER PROBLEM.

Throughout the Juneau belt, and in southeast Alaska in general,
the water powers now utilized are available for not over seven months
in the year. Winter precipitation is almost entirely as snow, and
melting is at a minimum between December 1 and May 1, so that
during this period the effective run-off in most of the streams is very
small or nil.  Consequently anxiliary steam plants have been employed
where continuous power has been needed throughout the year, and
double installations must always be planned where mining and milling
operations are to be carried on without interruption. However, suf-
ficient water power for even extensive development work is seldom
wanting. .

The streams now used have been naturally selected because they
were easily accessible, and it has thus corue about that only creeks of
steep grade and small drainage area are furnishing power. Many
large and constant rivers exist, but the length of the ditches required
and the difficulty of keeping them open in winter have thus far pre-
vented, and probably always will prevent, the utilization of streams of
low grades.

It seems at present that plants large enough to furnish power
throughout the year can be installed only where favorably situated
natural lakes can be turned to account for winter storage, and to tide
over seasons of exceptional dryness, such as was experienced in the
summer of 1903. One project of this sort now under advisement by
the engineers connected with the Alaska-Treadwell and associated
interests will, if successfully inaugurated, greatly veduce the already
low cost of working the large bodies of low-grade ores controlled by
these companies. The problem of transmission for long distances and
across the deep fjords which abound throughout the region will be an
important factor in deciding the practicability of any large water-
power plant.

The necessity of reducing power costs, if possible, is evident from
the price of coal, which is reported by the Treadwell management to
be not less than $6 per ton under favorable return cargo conditions.

The existence of coal beds at several points on Admiralty and Kuin
_islands has been known for many years, and early, though unsuccessful
attempts were made by the Navy Department to locate workable
deposits. The proximity of these localities to Juneau and the possi-
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bility of establishing a coaling station, if good coal could be found and
worked to advantage, has led to a great deal of private prospecting in
recent years, but no minable deposits have been found. At Killisnoo
it is reported that the seams are too thin to be mined economically;
while at Murder Cove the coal and the rocks in which it occurs are said
to be too much broken to be of value. At present, therefore, these
occurrences do not promise any reduction in the cost of fuel, though
a comprehensive examination of the areas in which the coal-bearing
rocks occur may yet lead to valuable discoveries. The reason for this
belief is that the amount of folding, faulting, and crushing in these
rocks seems to vary from place to place, and if regions only slightly
disturbed exist, they may contain workable coals. '

Peat deposits which "exist in many parts of Alaska may locally
become a factor in the power problem. The fuel value of peat is of
course comparatively low, but under favorable conditions it can be cut
at small cost and used for making steam or, possibly with gleatel
economy, to produce fuel gas for gas engines.

On the inner side of Douglas Island a broad bench at an elevation
of about 400 feet is co}vered by large areas of peat, and though the
material has never been prospected or fested, it apparently exists in
unlimited amount and could undoubtedly be used for fuel in either of
the ways suggested. )



PLACER MINING IN ALASKA IN 1903.

By Avrrep H. Brooks.

INTRODUCTION.

Though the development of lode mining of gold, silver, and coyper
is progressing rapidly, yet over six-sevenﬁbs of the value of Alaska’s
mineral output comes from the gold placers. No great increase of
production can be expected until the mining plants now being installed
are ready to begin operations. The activities of the past year have
been devoted to the introduction of better equipment and to more
energetic development in the larger mining camps. While no new
districts have been discovered w1th1n the calendar year, the prospect-
ing of some which had .been previously only very superficially
examined has placed them among those of commercial importance.
In this category belong the Iairbanks district, on the Tanana; the
Good Hope district of Seward Peninsula; and possibly also the Kowak
placers, as they may eventually prove to be of commercial importance.

Of vital interest to placer mining, as well as to other Alaskan indus-
tries, are the improvements made in the means of communication.
The completion of the military telegraph line, which now extends from
Valdes to Eagle, on the Yukon, and down that river to the mouth of
the Tanana, from which pomt one line connects with the new Fair-

banks district and another with St. Michael, on the Bering Sea, is of
the greatest possible importance. It is hoped that the installation of
the wireless system will connect St. Michael with Nome. This, by
using the Canadian line from Dawson to Skagway, and the United
States military cable to Seattle, will give a complete system from
Nome to the outside world. A short cable connects Juneau with
Skagway. It is possible, therefore, to telegraph to many of the
important mining camps in Alaska. It is to be hoped that the War
Department may be able to extend this system, as it plans to do, by a
cable to Valdez and another to Ketchikan.

The transportation facilities also have shown some improvement, but
are st1 11 far behind the requirements of the miners. The ocean steamers
now sometimes give a six-and-a-half-day service between Seattle and

43



44 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1903. [BULL. 225,

Nome, but even this could be improved. It costs probably $5 per ton
to land freight from the steamer at Nome—one-third of the entire
expense of sending it from Seattle to the Nome beach. Last season
about 60,000 tons were landed at an expense of $300,000, which can be
regarded as a direct tax on the mining industry. Moreover, this is not
all, for the delays incidental to stormy weather, or a late season, much
increases this tax. Plans are under consideration for the construction
of a pier at Nome which shall extend out to deep water. If such a pier
could be built, it would be a great boon to the region. The ordinary
difticulties of engineering such a structure are very much enhanced in
this northern region, because it would have to be built strong enough
to withstand the tremendous ice floes which pile up on the Nome beach,
sometimes to a height of 100 feet.

The handling of freight at Nome is done fairly expeditiously during
the good weather of early spring and summer, but is very uncertain
after the stormy weather of fall begins. Freight for other points on
the coast of Seward Peninsula is frequently transferred to small
steamers at Nome, a very costly and time-consuming system.

The uncertainties of Yukon River traffic were well illustrated by
the conditions in the summer of 1908, when low water delayed many
steamers until midsummer, and, as a result, many of the supplies
and equipments did not reach their destination. While there is not
likely to be actual suffering because of these interruptions to traffic,
yet, as a result, provisions will be overexpensive in several camps and
many mining operations will be blocked: Until the Yukon placer fields
are reached by a railway from the coast a repetition of such a state of
affairs may be expected every year. Two railway projects have been
under consideration: (1) From Resurrection Bay to the Tanana, cross-
ing the Alaskan Range at Caribou Pass (elevation, about 2,000 feet);
(2) from Valdes across the Chugach Mountains at Thompson Pass
(elevation, 2,200- feet), and across the Mentasta Mountains through
Mentasta Pass (elevation, 2,400 feet). Neither route presents any
serious engineering difficulties, and both are known through the
reconnaissance maps made by the United States Geological Survey.
There are also several projects for reaching the Yukon placer fields
by railways through Canadian territory.

In southeastern Alaska the transportation question is a simple one.
The principal mining camps can be reached by comfortable steamer
from Seattle in two to five days.

KOWAK« REGION.

The Kowak? placers, which received some attention in the summer
of 1903, have produced a few thousand dollars, and the reports have

aThe river from which this name is derived is knoivn locally as the Kobuk.
bA general account of this region will be found in “A Reconnaissance from Fort Hamlin to
Kotzebue Sound,”” by Walter C. Mendenhall, Prof. Paper U. S. Geol. Sucvey No. 10, 1902.
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been sufficiently encouraging to cause a considerable movement of
prospectors from Nome and from points on the Yukon to this far-away -
region. The placer gold has been found in the basin of Shingnek
Creek, a small northerly tributary of the Kowak, which can he reached
- by a steamboat journey of 225 miles from the sea. So far as known
the gold has its source in a complex of metamorphic schists, limestone,
quartzites, and greenstones, which find an extensive dcvelopmenb in
the Kowak Valley. As early as 1899 gold was found on some of the
creeks of this district, but it was only during the last season that actual
values have been developed. It is of interest to note that placer gold
was discovered some years ago on one of the tributaries of the upper
Noatak, and this locality seems to lie in the strike of the formation of
Shingnek Creck. The facts at least suggest that gold may have a
wider distribution in this region than has been generally supposed,
and lead to the hope that valuable placers may yet be discovered.

The district is not easy of access, and the workable placers must
give a very large yield during the three months of open season. The
summer journey from Nome to Hotham Inlet is made by ocean
steamer, which must be of shallow draft, and thence by river
.steamer to Shingnek Creek, from which point the creeks are reached
overland. As the Arctic Ocean is seldom clear of ice hefore the
middle of July, it will hardly be possible to reach the diggings before
the 1st of August. Many prospectors will reach the new camp by
winter journeys with dog teams.

The valley floors and slopes are clothed with spruce, poplars, and
birches up to an altitude of 2,000 feet above the sea. The miner will
have to transport all his supplies with him, for game is very scarce,
though there is considerable fish. :

These isolated camps offer a field to the individual miner, especially
if he be of that restless class which seldom remains in a district after
its development has begun on a commercial scale, yet they have little
effect on the gold output of the Territory. Some of these districts,
like the Koyukuk, have produced gold for nearly a decade, and
will continue to yield grub stakes, with an occasional small fmtunc
It is, however, to the larger and more accessible camps that we must
look for Alaska’s wealth of placer gold. These attract the engineer
and the capitalist, without whose services large mining plants capable
of materially increasing the output can not be installed. It is the
influx of capital and experienced mining men which makes the future
outlook of Alaska’s development so bright.

SOUTHEASTERN ALASKA.

Southeastern Alaska is essentially a field of lode mining. The pre-
Glacial gravels, which were undoubtedly more or less auriferous,
were in a large measure removed during the invasion of .the ice. The
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gravel terranes laid down during, in, and: after the glaciation, were
often deposited in the deep fiords, into which the drainage channels
discharge. There are, however, some post-Glacial auriferous gravels
which have been, and are being, mined at a profit.

The Juneau placers had yielded large returns long before a stamp

“had fallen on any of its lode ores. In the Silver Bow basin is the
oldest placer mine of the region, which has not been abandoned, but it
was not in operation during the calendar year. A comprehensive
scheme has been in course of development during the past three years
to hydraulic the gravels of the Last Chance placer mine. This prop-
erty includes a gravel-filled basin on Gold Creek, 1 mile from Juneau.
A tunnel has been driven for half a mile, through which it is proposed
to hydraulic the placers. As yet but little sluicing has been done,
difficulty having been experienced in getting rid of a large mass of
bowlders at the upper end of the tunnel.

Extensive hydraulic plants have been installed at McGinnis and
Windfall creeks, northwest of Juneau. Some hydraulic operations.
are also being carried on at Lemon Creek, 10 miles nor thwest and at
Windham Bay, 75 miles southeast of Juneau.

The Porcupine is the largest of the placer districts of southeastern
Alaska. As it lies close to the International Boundary its develop-
ment has been retarded by the uncertainties of control of a part of
its area. It is expected that with the settlement of this difficulty it
will now take a new lease of life. A description of this district by
Mr. Wright will be found elsewhere in this report.

YAKUTAT BAY REGION.

This region would not here be worthy of mention were it not for
the current reports of the discovery-of new placer fields. The latest
report accredited Yaktag River with gold-bearing gravels, and the
rumors have been sufficiently defirite to attract some prospectors. It
has not been learned, however, that these prospects are of any com-
mercial importance. The fact that gold has been found in the beach
placers at Yakutat and Lituya bays, where it apparantly has been con-
centrated from glacial material by wave action, points to the conclusion
that theve arve gold-bearing formations somewhere in the St. Elias
Range. It is known that metamorphic and crystalline rocks do occur
in this range, and this is suggestive of the conclusion that some of the
auriferous formations of southeastern Alaska find their extension in
these high mountains. Additional weight is given to this point of
view by the fact that the western extension of these mountains is found
to be gold bearing, to a limited extent at least, along the lower reaches
of the Copper River Valley and its tributaries. The writer does not
wish to convey the impression that this range will necessarily become
a locus of commercial placers, for the following facts would argue
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against such a conclusion: (1) Though considerable prospecting has
been done in this region, especially along Alsek River, whose valley
crosscuts the range, gold has been found only in small quantities; this
evidence is, however, purely negative; (2) the extensive glacial erosion
and the great deposits of glacial drift, as well as the presence of many
large glaciers, would not seem to present favorable conditions for the
concentmtlon of gold in placers..

COPPER RIVER BASIN.

Unconsolidated Plel.stoccne“ gravels and sands are extensively devel-
oped in the Copper River basin, and many of these are auriferous.
In relatively few of these deposits has the gold been sufficiently
concentrated to be of commercial importance. The Chistochina dis-
trict, in the northern part of the basin, where developments have
been going on steadily during the past year, is the only one which has
produced any considerable amount of gold. What would seem to be
the eastern extension of the gold-hearing series has been fourd in the
headwaters of the Tanana, but it has not yet been proved to carry
commercial values. (Gold has also been found to the west of the dis-
trict, but up to the past summer not in'commercial quantities. Rumors
of important discoveries on White and Slate creeks, which are said to
lie in the upper Sushitna hasin reached Valdes late in the summer, and
parties are said to be now en route to these diggings with dog teams.
These placers are reported to be drained by streams flowing into East
Fork of the Sushitna, and to lie 200 miles from tidewater. What is
- known concerning them is too vague to permit of speculation in ref-
erence to their importance, but their position would indicate that they
lie in a zone which elsewhere has been found to be auriferous.

Little has been heard of the placer fields in the southern part of the
Copper River basin. These, which embrace Nizina River, the Tiekel,
and the Tonsina, while they have given sufficient indications to attract
mining men, as far as known have ot yielded gold in commercial
quantities during the last year.

COOK INLET REGION.

The Turnagain Arm placers, which have been exploited since 1895,
lie in the drainage basins of streams which empty into the head of
Cook Inlet both from the north and the south. The district may be
reached by a ten-days’ ocean journey to Tyonok or Homer, and thence
by small steamer to Sunrise. Most of the placers are within 10 to 20
miles of tidewater. There islittle to add to the statements concerning
this district in last year’s report.? The improvements have been of a

a Mendenhall, W. C., and Schrader, F. C., The mineral resources of the Mount Wrangeii dlst,nct,,
Alaska: Prof. Paper U. 8. Geol. Survey No. 15 1903.
bBrooks, A. H., Placer gold mining in Alaska in 1902: Bull. U. 8. Geol. Survey No. 213, 1903, p. 45.
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character requiring heavy investments of capital. Several hydraulic_
plants have been, or are being, installed.

Alarge dep031t of gold-bearing gravels is reported at the upper end
of Tustumena Lake, in the central part of Kenai Peninsula, the prom-
ontory which separates Cook Inlet from the Pacific. These placers,
_.which are from 20 to 30 miles inland, ave said to be of sufficiently. high

grade'to be workable by hydraulic methods, and a plant was 1nstallcd
during the past summer.

KUSKOKWIM AND MOUNT McKINLEY REGION.

The large area Wthh is blocked out by Cook Inlet on the cast the
Tanana J.lld Yukon on the north and west, and Bering Sea on the south
and which is drained chiefly by Kuskokwim River, has been but little
explored. It hasbeen traversed by a few of the parties of the Geolog-
ical Survey,* but much of it is practically unknown. Spurr reported
~ evidence of mineralization in the Tordrillo Mountains and colors of gold
in streams which head in these mountains.. Prospectors, too, have
entered this region, and now and again come reports of the discovery of
rich placers, but up to the present time these have not been verified.
Gold has long been known to occur on the upper waters of Mulchatna
River, and the easterly fork of Nushagak River, emptying into Bristol
Bay, but has not yet heen found in workable quantities. 'These placers
are said to yield $4 to $5 a day to the man, but their inaccessibility makes
them of no commercial value. In 1900 the. news of the discovery of
gold near the lower Kuskokwim caused a small stampede from Nome.
The scene of the find, which proved to be of no importance, was on one .
of the small streams which flow into Kuskokwim Bay from the east.

The latest reports of placers in this field locate them in the vicinity
of Mount McKinley. Several parties of prospectors ascended Kan-
tishna River, a southwestern tributaiy of the Tanana about 100
miles from the Yukon. These men report the presence of auriferous
. placers in the Kantishna Basin, near the foot of the mountains. The
writer, who traveérsed this region in the summer of 1902, is unable to
substantiate this report. Of the streams which flow into the Kus-
kokwim from the Alaskan Range few, if any, even carried colors.
In some of the streams of the Kantishna drainage system, however,
some colors were found, and there was other evidence of mineraliza-
. tion. It seems at least possible that this field may yet produce placer

gold.
SEWARD PENINSULA.

Seward Peninsula, from the standpodint of production and of early
increase of production, is still the focal point of Alaskan mining inter-

G.Spurr, J. E., A'reconnaissance in southwestern Alaska: Twentieth Ann. Rept. U. S. Geol. Survey,
pt.7,1901, pp. 31-264. Brooks, A. H., A reconnaissance in the Mount McKinley region (in preparation).
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.ests.  In-1902 the output of all the camps of the peninsula was about
$4,500,000, and was probably about the same in 1903, but the statistics
have not yet been compiled. This will bring up the value of the
entire gold production of the peninsula since 1899 to over $20,000,000.

Though placers are widely distributed in Seward Peninsula, yet -

probably somewhat over four-fifths of the gold mined has come from-
two districts, the one -lying immediately adjacent to Nome, and the
other tributary to Council City. These facts must be taken as evi-
dence rather of the greater developments in these two camps than of
the greater richness of their placers. Though there are probably few
placers in the peninsula in which the gold is as concentrated as in those
of Nome and Ophir Creek, yet there are many undeveloped or little-
developed prospects which give promise of yielding very large returns.
It is certain that the field is far from having reached its maximum out-
put, for in relatively few of the districts have mining methods been
introduced which would give large returns. During the excitement
of the years 1899 and 1900, the pick and shovel, with the rocker and
short sluice box, held sway, and these primitive methods are still in
use on the majority of the creeks. With their aid many a broken-
down miner and prospector has retrieved his fortune, but capital is
often chary of entering a field where such methods are in use, because
they are suggestive of pocket mining, and large enterprises are in
many cases delayed. Then, too, the general public has so often under-
gone losses in this field through ill-planned or downright swindling
mining schemes, that it looks with well-merited suspicion on new
ventures. With the successful execution of some extensive mining
operations this conservatism is being rapidly overcome, and mining
men of experience and reputation are finding it less difficult to secure
backing for legitimate undertakings. -
Mine operators are now.thoroughly alive to the fact that an abun-
" dant and reliable water supply is-the first requisite to large ‘mining.
“operations. The experience of the past three years has settled the
question of depending on local and periodic supplies of water. To
the experienced hydraulic miners of other regions it may seem strange
that this lesson had to be ‘learned again at Nome. .It should be
remembered, however,-that Nome was first developed by men who
were trained in the early days of the Klondike, when gold was taken
out by the crudest methods. There were many who believed that it
would be impossible to build and maintain ditches at anything but a
ruinous cost, but this has been disproved. There are now nearly 100
miles of ditches in successful operation on the peninsula, and an equal
mileage has been surveyed and is partly under construction. Experi-
ence has shown that, except for the difference in wages, the construc-
tion and maintenance of ditches is not more expensive in the Nome
region than in many more favorably located districts. The original -
Bull. 225—04—4 '
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cost can be roughly approximated at from $1,000 to $2,500 per mile.
It has been proved that, at the present high cost of fuel, it is usually
cheaper to obtain water by ditches than by pumping.

The fuel problem is a serious one, as coal at Nome still commands
about $25 a ton, and is never below $20. Gasoline and petroleum
engines are extensively used. Gasoline retails at about 25 cents a
gallon. During the last season petroleum tanks were built at Nome
which were filled directly from tank steamers and were connected by
a pipe line with some of the placer camps of the vicinity. This intro-
duction of petroleum, handled in a large way, may revolutionize the
fuel question. Another proposition is to convert into fuel the thick
mat of vegetation which covers the surface of the tundra. This
material, which is a form of peat, burns readily when dried, but its
utilization as fuel has not been attempted on a commercial scale. On
the north slope of the peninsula’a small body of lignitic coal has been
developed which, though not of high grade, has found ready market
in the neighboring mining camps.

The deeply scoured glacial valleys of the Kigluaik Mountains, which
lie about 40 miles north of Nome, afford an abundant water supply,
which has been and will be an important factor in the development of
placers both north and south of the mountains. Several ditches have
already been built to these mountains. The same highland belt also
contains much undeveloped water power, and plans have been formu-
Tated to convert this into electric energy and to supply camps all over
the southern part of the peninsula with both light and power. The
promoters of this enterprise believe that they can thus, by the use of
pumps, successfully compete with the water-supply ditches.

The idea that hydraulicking gravels in this northern region was not
practical from a commercial standpoint has been effectually dispelled.
Even where the gravel was frozen solid, which is not by any means
universally true, it is possible, by using sufficient head, to break up
the frozen alluvium. Moreover, after the thick coating of muck and
vegetation, which is nonconductive, is removed, thawing takes place
rapidly during the long days of the arctic summer.

While hydraulic mining in this northern latitude contends with many
difficulties, these are by no means so great as is ordinarily believed.
Wages are §5 a day with board, the halcyon days for the pick and
shovel men of $1 to $1.50 an hour having long since passed. Freight
rates to Nome last spring were $15 a ton, including lighterage. Later
in the season a combination was formed among the ocean vessels, and
the rate was doubled. During the season of 1903 there were 26 steam
" vessels, small and large, and 7 schooners, which carried about 75,000
tons of cargo to Seward Peninsula ports. - '

The cost of water transportation between coastal points fluctuates
greatly. The figures secured from half a dozen sources indicate a rate
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of from $7 to $15 a ton per 100 miles by steamer, with an average of
about $10. Freight is carried at much lower figures hy small gasoline
sloops and schooners, and these are particularly well adapted to this
" work because they can anchor close to the beach and can enter the
mouths of the larger rivers. During the past season there were four
small steamers with‘50 to 200 tons capacity and half a dozen gasoline
sloops and schooners of from 5 to 15 tons burden engaged in thc coastal
transportation. -

Overland transportation with horses is very expensive, but varies
greatly. According to best reports it varies from $10 to $16 per ton
a mile, and will average $13. The railways carry small lots of freight
for about $3 per ton a mile.

Navigation opens in the spring between May 25 and June 15. Sur-
face mining operations can usually be carried on through the months.
of June, July, Aungust, and often until the first of October. It is fair
to assume that three months of sluicing can be counted on if a reliable
supply of water is available. It should be horne in mind that this
season is not so very much shorter than in many a placer camp in .
western United States. Taken all in all the conditions of mining are
not so unfavorable as is often represented.

Reference has been made to the tr anspormtlon facilities on the
peninsula, which are still far from adequate for the mining industry.
The only important improvement made during the past season was
the construction of the Solomon and Council City Railway. - About
10 miles of this well built standard-gauge road has been completed,
together with terminal facilities; and plans are under way to push the
construction next season. * The road to Council will have a length of
about 50 miles, and extensions are planned by the same company.
This is really the first attempt to permanently solve the transporta-
tion problem. The Wild Goose Railway, which is narrow gauge,
extends from Nome to the head of Dexter Creek, by way of Anvil
Creek Valley, and has benefited the. mining interests very much.
Some wagon roads have been constructed on the peninsula, but most
of the teaming is done across country or along the bheach and stream
bottoms, and, as has been shown, is enormously expensive.

The question is often asked, What minimum limit of value can profit-
ably be exploited in this northern field? There afe so many factors
which bave to be considered that no categorical answer can be given
to this query. A placer which is close to tide water can be mined
much more economically than one at a distance, where it costs $10 to
$15 per ton a mile to transport equipment overland. Again, a low-
grade gravel can often be worked, if it is near a bonanza, because the
same ditch may supply water to both properties. After ditches have
once been constructed and paid for by the yield from very rich ground,
the water they supply may be utilized profitably to exploit deposits of
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lower grade. Statements in print are not infrequent from which it
would be iuferred that only bonanzas . can profitably.be exploited in
the Nome region. Pay streaks which have yielded $30 to $40 and
even $100 per cubic yard are not uncommon, but these do not form
any considerable percentage of the auriferous gravels which carry
values. Much profitable mining is done in gravels which will not
average over $3 and $4, and if the facts were known it would bhe
found that probably much ground of lower grade is even now being
worked. The cost of mining is being rapidly reduced, and it is fair
to presume that eventually values of $1 and possibly 50 cents per cubic
yard can be mined with profit.
Some plants have been installed for dr edgmg with bucket dr edge or
with steam shovel, but these enterprises have not yet yielded any con-
~siderable amount of gold. Probably the most successful of these plants
so far are those which have been operated on rich portions of the heach,
where the material handled was entirely loose and no difficulty was
experienced in disposing of the tailings. Beach mining is still carried
on, but. is almost & thing of .the past. The gravel plain, or tundra
placers, which lie within a few miles of Nome, have not received the
attention which their importance is believed to warrant. Extensive
prospecting with churn drills has demonstrated the presence of gold in
these deposits, a conclusion which had previously been arrived at from
purely geologic lines of reasoning, based on the investigations of the
United States Geological Survey.¢ In the reports of 1899 and 1900 it
was pointed out that old beach deposits would probably be found in
- this tundra belt, and this theory has since been substantiated by the
discovery of an old beach deposit which has been mined at a profit.
It was also shown that auriferous gravels would most likely be found
at other points in the tundra, which while of lower grade might profit-
ably be exploited. These latter deposits have been mined along the
courses of some of the streams with the aid of steam shovels and
dredges, but in general it can he said that entirely successful methods
of exploitation have not yet been elaborated.

Underground or drifting operations form another phase of mining
at Nome, which has yielded large returns. This has-been carried on
to a limited extent in the tundra belt, but only during the winter, when
operations were not hampered hy the surface drainage. The more
important drifting has been .on the hlgh bench gravels in the divide
between Anvil, Dexter, and Dry creeks. Attention was called to these
high gravels in the Preliminary Report of 1899,% but they were not
exploited until 1900, and have since then yielded large returns. The

aCompare Schrader, F. C., and Brooks, A. H., Preliminary Report on the Cape Nome Gold Region:
Special Reports on Alaska, U. S. Geol. Survey, 1900; and Brooks, A. H., Richardson, G. B., Collier,
A.J., and Mendenhall, W. C., A Reconnaissance of the Nome and Adjacent Gold Fields in the Seward
Peninsula in 1900: Special Reports on Alaska, U. S. Geol. Survey, 1901.

bSchrader, F. C., and Brooks, A. H., op. cit,
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gravels are from 40 to 200 feet thick, and are usually frozen, so that
neither shafts or drifts require any timbering. There are some 20
shafts and several miles of underground workings in the gravels. The
pay streaks, of which there are frequently two or more, one above
the other, usually Tun in narrow channels, so that no great amount of
stoping is required. The sinking and drifting in the frozen ground is
all done with the aid of steam thawers, and many of the mines are pro-
vided with steam hoists. Pumping has not been found necessary, as
the workings in the frozen ground are practically dry. This mining
.can be carried on throughout the year, but the operations are often
confined to winter months, when miners wages are 50 per cent lower
than in summer. The winter accumulation of gravel is washed out in
the spring, when water is plentiful. Some of the high-hench placers
have proved very rich, and as nolarge investment is required for plants
they are very profitable. Similar high-bench gravels occur at other
localities, and some of these are known to be auriferous, so it is fair
to assume that other high-bench placers will be discover ed

Briefly considering the results of the past year in the peninsula, it
is found that the extensive developments were confined to the Nome
and Council City districts, and consisted chiefly in the introduction of
mine machinery and equipment. Hydraulic lifts have been installed
on Glacier and Anvil ereeks in the Nome district, and many claims
are being worked by hydraulic sluicing. Water for these operations
is furnished by the Miocene and some smaller ditches, as well as by two
large pumping plants. The coming season will witness the construction
of a number of additional ditches in the Nome district, some of which
have already been begun. One of these, to supply the placers on
Hastings Creek, will bc built to Flfunbem River, a distance of about
15 miles. Another is planned to furnish water to the Cripple River
mines. The drift mining on the high benches, already described, has
been actively pushed. = In the Eldorado basin some mining is being
~done on Venetia Creek, and across the divide to the north Iron Creek
and other tributaries of the Kruzgamepa have become important gold
producers.

The Council City or Ophir Creek district is second only to Nome in
importance. A narrow-gauge railway connects the camp with navi-
gable-waters on Niukluk River. Several ditches are in operation, and
the equipments include three hydraulic elevators, several inclines, and
derricks. One steam shovel and one dredge were in operation on the
bars of Niukluk River. The Koksuktapaga Basinincludes many prom-

" ising placers, but their exploitation has not been commensurate with
their importance because of the lack of transportation facilities.

Two steam dredges were operated last season in the gravels of Solo-
mon River, and sluicing was done on a number of tributary streams.
A ditch has been projected, while the building of the Sclomon and
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Council City Railway promises to be of the utmost importance for the
region. At Topkok the completion of the 12-mile ditch has renewed
the mining activities, which have lain dormant while it was in con-
struction. This will furnish water for sluicing a large amount of
gravel, not only in-the Daniel Creek basin, the immediate objective
point, but also in adjacent creeks.

In the Kugruk basin Harris, Homestake, Northfork, and Dahl
creeks, as well as the main river bed, were worked in the past season,
but operations are not so extensive as they would be if the region were
more accessible. The Kotzebue region, lying to the northeast, is the
subject of a paper by Mr. Moffit which is printed elsewhere in this
volume. ’ ’

The streams flowing into Grantley Harbor from the north have long
been known to be gold bearing, but as the gravels are not of very
high grade their exploitation has been dependent on the installation of
a hydraulic plant. Surveys for a ditch have been completed, and it
is expected that a plant will be installed during the coming season.

In the Bluestone region Gold Run, Alder, and Bering creeks were
worked. Several small ditches, the longest 2 miles in length, supply
the diggings on the Alder and the Bluestone. The high benches have
been exploited with promising results in some instances, and - a large
ditch from the Kigluaik Mountains to provide hydraulic power for
the whole region is projected.

QUARTZ MINING IN SEWARD PENINSULA.

While it is no part of the purpose of this paper to discuss the
auriferous quartz ledges, yet,. in view of the gieat interest in this
matter it seems worth while to add a note on these. Quartz veing
which carry from a trace to $8 or $10 in gold are not uncommon in
the peninsula, but only very few have been found whose values are
high enough to give promise of profitable exploitation under the pres-
ent economic conditions. In the Solomon River country a 10-stamp
mill has been installed to work a free-gold quartz from a lode which
has been opened up. The lode, which includes three distinct veins,
has been developed sufficiently to insure ample ore for running the
mill, and the enterprise seems assured of success. Other quartz veins
of a similar character in this region are being prospected, and some
carry values and give promise of being at least as valuable as the one
already developed.

In the Nome region proper many ledges have been staked and a few
trenches and a pit sunk, but no attempt has been made to systematically
and properly prospect any ore body. Samples have often been gath-
ered at haphazard, so that the assay returns do not necessarily carry
conviction. In the Ophir Creek region also many quartz veins have
been located, but, as in the Nome region, no systematic prospecting
has been done.
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During the placer mining, large surfaces of bed rock are often
stripped, disclosing at several localities the presence of a large number
of small quartz veins which on assay are found to carry values. These
veins are found both following and crosscutting the foliation. In some
instances observed by the writer well-definéd fissure veins crosscut the
country rock and sent out offshoots which penetrate the walls along
lines of cleavage to a distance of several yards from the main vein.
These offshoots the prospectors term ‘‘ blanket veins,” and entirely '
overlook their subordinate character. :

In one class of veins the gangue is chiefly quartz and in ‘mothcl
lar gely calcite. In veins of the second class, the gold seems to be free,
while the first promises to run into a base ore below the surface weath-
ering, The first class of ore carries considerable arsenopyrite. It

-seems entirely possible that deposits may yet be found where a zone
of country rock has been so permeated by these veins that the entire
belt may be regarded as an ore. The values would, however, have to
be much higher than in most of those now known to make an ore of
commercial value. Large quartz veins, mineralized with pyrite and
often auriferous, are not uncommon in Seward Peninsula, but few of
these carry commercial values.

~ On the whole, it can be said that the outlook for quartz mining in
Seward Peninsula is far more hopeful, now that more ground hfms
been stripped, than it was a few years ago. It is well worth while
to make careful search for lodes, but the greatest conservatism should
be exercised when such lodes have been found. A vein must be well
opened and thoroughly tested before any equipment is installed, and
only after ore enough has been exposed to pay for the mill is it time
to think of establishing a milling plant.

‘The excitement last fall at Nome about quartz mining promised the
usual harvest of ill-advised, to say nothing of stock-jobbing, enter-
prises. The staking of many of the quartz claims has been of such a
character that, where veins of value are opened, nearly every claim will
run the gauntlet of law suits, and must be expected to pay the usual
tribute to experts and attorneys.

THE YUKON BASIN.

Placer mining was carried on in all of the old camps of the Yukon
and its tributaries during 1903, and the Fairbanks district on the Tan-
ana has been added to those of commercial importance. An account
of the Fairbanks district by Mr. Prindle will be found elsewhere in
this bulletin. In but few creeks have any large enterprises been
inaugurated, but in many there has been considerable improvement in
mining methods. The annual output of the Alaskan Yukon can be
estimated at between $800,000 and $1,000,000, which is likely to be
materially increased with the opening up of the new Fairbanks district
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and the more systematic exploitation of the older ones. This output
is chiefly distributed in small amounts, running from a bare grub
" stake of $1,000 to $20,000. Few attempts have been made to work
groups of claims by improved methods.
" The general backwardness of the Yukon field compared with that of
Nome is, of course, in a large measure due to the differences in values,
but must also be assigned to the isolation of the region. So long as
developments are dependent on the present inadequate transporta-
tion facilities the region will be handicapped. With the uncertainties
of -the river-steamboat service, the entire absence of roads, and the
scarcity of trails, the placer miners of the Yukon district have had to
face conditions which would have utterly disheartened less resolute
men.

Freight rates from Seattle to Yukon River points are from about
$40 to $65 per ton, and the first up-river steamer from Bering Sea can
not be counted upon before the 1st of August. The cost of the sum-
mer freighting from the banks of the Yukon to the mining camps,
which is all done by pack horses, can be roughly estimated at $10 per
ton a mile; while the winter rates, when the traflic is carried on by
means of horse and dog sleds, are from $2 to $3 per ton a mile. It
must be remembered that some of the placer camps are from 40 to
50 miles distant from water transportation, and that this haulage
greatly increases the necessary outlay of time and money for install-
ing a'mining plant. There are scores of creeks, if not hundreds, in
the Yukon country, which will be wmked When the tlanspmtatlon
problem is solved. :

The construction of roads is properly a function of a territorial
government, but as Alaska has no representative government, and is
administered to all intents and purposes as a colony, its mﬁning inter-
ests must look to Congress for legislation, and probably appropria-
tions, for road construction. Their cost could, hoivever, be met by a
tax on the properties which they would benefit. 1t has been suggested
that the yearly assessment work required by Jaw on each claim could
well be commuted in part to a money tax, to be spent on roads. It is
estimated that roads could be built in the Yukon country at an average
cost of $1,000 to $1,500 per mile. Many a mining camp in the region
has already spent on the transportation of its supplies more money
than the cost of & wagon road. It-is roughly estimated that 700 miles
of wagon roads in the Yukon and Copper River regions would put
nearly every placer camp within reach of reasonable transportation
facilities. A million dollars might well be spent in such a manner,
for there would be a certainty of an increase of the gold output
sufficient to warrant such an expenditure. The building of roads in
the Klondike district by the Canadian government has much accel-
erated the development of the placer mines in that district.
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The writer would make the following provisional suggestions for

the location of Government roads to develop the placer fields as they
are now known: (1) A road from Eagle to the Tanana, the Chistochina,
and to Valdes, on the coast, a distance of approximately 400 miles. This
probably should follow the present well-established trail, which is used
as winter and summer mail route. The mostimportant part of the road
would be that between Eagle and the camps of the Fortymile region.
An alternate route would be to Fairbanks, on the Tanana, from Copper
River by way of the Delta River Valley, a distance of about 300 miles.
(2) A road to extend from Circle, on the Yukon, through the Birch Creek
and Fairbanks district to the Tanana, a distance of about 150 miles. (8)
Rampart, on the Yukon, to be connected with the mouth of Baker
Creek, on the Tanana, by a road which would open up the Minook and .
Baker districts, a distance of less than 50 miles. (4) A hundred miles
“or so of road to be built in the Koyukuk region to connect the gold-
bearing creeks with the head of steamboat navigation on Koyukuk
River. 1t is believed that these roads would form a system of main
arteries by which most of the placer fields could easily be reached, and
that the production of the mines would thereby be so much increased
as to fully justify the expense. In case a railway were built to the
Yukon, this plan should he somewhat modified, but there would still
remain an urgent need of roads.

During the year 1903 work steadily progressed in the Fortymile
district, though the dry season made the output less than it would have
been had there been ample water supply. On Chicken Creek, one of
the oldest of the district, work was extended to an examindtion of the
benches and was rewarded by finding good pay gravel 275 feet above
the water level. Much work is being done by drifting with steam
thawers in the frozen ground, a method now carried on throughout
the year. Use is heing made of both steam and horse hoists. On
Wade Creek a steam hoist is in operation, and bed-rock drains have
been put down on several claims to enable working by the open-cut
system rather than by drifting. On Walker Fork a steam scraper and
bucket conveyor are being used on one claim. Most of the claims are
worked by open cuts. Some winter work is being done on the bar at
the mouth of Franklin Guleh. At the so-called “Kink,” an ox bow
meunder of the North Fork of Fortymile, and about 50 miles in an air
line from the Yukon, a strong company is engaged in turning the
course of the river, so as to leave exposed about 2% miles of its bed.
This it is proposed to mine with a steam shovel.

On American Creek a large plant has been installed, including a
flume, giving a 150-foot head and power to work two hydraulic
elevators. Scarcity of water prevented the extensive operation of this
plant. On Seventymile River two hydraulic companies were prospect-
ing in the past season, but no sluicing has been done. A small hydraulic
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outfit was operating at the falls on Seventymile, and a little grub-stake
mining was done on this stream, as well as. on Woodchopper, a few
miles to the northwest, where a steam thawer was used.

In the Birch Creek district, where there was ample water, Miller
Creek was worked in a small way, as was Eagle Creek, which carries
the purest gold of the district. On Deadwood Creek, where ground
sluicing has been resorted to, the bed is largely worked out, but good
values have been found on the benches. On Mammoth Creek a steam
shovel is being used, while on the Mastodon some experimenting is
being done with machinery and the benches here are beginning to
receive attention. There were about 500 men in the entire Birch Creek
region in the summer of 1903.

The Rampart region includes several ecreeks where opelatlons are
being carried on. A small hydraulic plant has been installed on Hunter
Creek and others are in process of erection. On the Hunter the pay
gravel is said to be on a bench 20 feet above the creek and is covered
by 20 feet of muck. The gravelsare frozen, but when a face is exposed
it thaws out at the rate of a foot in 24 hours. When stnpped the
sun’s rays thaw it to a depth of 10 feet in two weeks.

The dozen creeks which were worked in the Koyukuk diggings have
done well during the past season, having produced upward of
$300,000. The heavy rains interfered greatly with the work on some
of the creeks, especially Hammond River. Provisions and equipment
are still very expensive. The transportation charges are $100 per
ton from Seattle to Coldfoot, which is nearly 100 miles from, some of -
the placers. There were about 300 men in the district, many of whom
came out in the fall. Wages are from $8 to $10 a day.

- As this article goes to press, well-authenticated news comes from
Alaska of a ““stampede” to the White River region. It probably
will take a year to find out whether this is based on the actual discov-
ery of placer gold, or is simply another one of those wild scrambles
which are perennial in the northland. The new placer field is
reported to lie partly on the Alaskan, partly on the Canadian, side
of the boundary, but has not been more definitely located. " The writer,
who explored the Tanana and White River basins in 1898 and 1899,
found evidence of the presence of mineralized zones in a belt of schists
which should cross the White River Valley about 100 miles from its
mouth. Traces or gold were found® both in the bed rock and the
stream gravels, but not in commercial quantities. Itseems altogether
possible that somewhere along this belt workable placers may be
found. In the fall of 1908 the discovery of gold placersin the Tanana
basin was reported to the writer by prospectors who had been exam-
ining the region in which these mineralized schists form the bed rock.

aBrooks, A. H., A reconnaissance in the Tanana and White River basins, Alaska, in 1898: Twen-
tieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, pp. 485-483.



sRooks] PLACER MINING IN ALASKA IN 1903. - B9

This discovery, so far as the wutm is ablc to determine its position,
must lie near the district to which the stampeders are now ditected.
So far as anythlng is known of the region, there is at least some basis
for the opinion that placer gold may be found in it.

White River is navigable only for small boats, and then only with
great difficulty. A small lJaunch could be used on the Tanana above
the Fortymile trail crossing. ~ The region can be conveniently reached
with pack horses from Dawson, Fortymile, or Eagle, but there are no
trails. Grass is usually abundant in the summer months. White
River would be 0‘{cced1nfrly diflicult to cross with horses, except close
to its source. :



THE PORCUPINE PLACER MINING DISTRICT, ALASKA.

By Crarres W. WriGHT.

GENERAL DESCRIPTION.

The placers of Porcupine Creek and vicinity, discoverd in 1898,
are now -coming into prominence as gold producers. Porcupine
Creek, a stream about 5 miles in length, enters Klehini River from
the south 12-miles above its junction with the Chilkat. Geographic-
ally it lies just north of the fifty-ninth parallel of latitude and approxi-
mately at 136° 20" west longitude. The camp is situated at the mouth .
of the creek, 35 miles in a straight line northwest of Haines Mission,
on Lynn Canal, but by the river route the actual traveling distance is
about 45 miles.

The surrounding region may be déscribed as a high plateau, dissected -
by numerous deep and narrow valleys, so that its general aspect is
rugged and mountainous. The average elevation of the summits
is about 5,000 feet above sea level, the mountain slopes being rounded
and glaciated, with no abrupt benches or terraces. The valley of
the Klehini is a flat-bottomed gravel flat, averaging one-fourth mile in
width. -The creeks, such as the Porcupine, are cha,l acteristic mountain
streams, cutting deep canyons into the hillsides, and many of them are
fed by ghclels

Of the creeks tributary to Klehini River, P01cup1ne Basin contains
the only deposits of gravel which have proved remunerative up to
the present time, though prospects have been found on Glacier Creek,
3 miles to the west, on t;he Canadian side of the provisional boundary.
The recent boundary decision throws Glacier Creek into Alaskan
territory, and this will probably lead to the early development of its
placers by the United States citizens who have claimed the ground
for several years.

This gold field was formerly reached by the Dalton trail, but this
is now seldom used. Most of the freight is taken up the Chilkat in
Indian canoes to a cache opposite Wells, at the mouth of the Klehini,
and thence by wagon to Porcupine City, a distance of 10 miles.

60
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GENERAL GEOLOGY.

A few miles north of Klehini River is the edge of a belt of intrusive
rocks 80 miles or more in width, striking northwest, and composed
principally of diorite. Adjacent to this on the south is a zone 8 miles
in width occupied mainly by folded and metamorphosed black shales
and limestone, which trend parallel with the general northwest-south-
east course-of the diorite contact. Fossils of lower Carboniferous age
were found in a stratum of limestone on Porcupine Creek. The upper
part of the Porcupine cuts into a belt of quartz-diorite 2 to 4 miles in
width, also striking northwest-southeast, parallel with the Klehini Val-
Jley, beyond which toward the southwest no observations were made.
This intrusive mass extends eastward to Cottonwood Creek on Salmon
River, where it disappears. Several greenstone dikes were observed
crosscutting the slate country rock, but the relative age of these and
the diorite could not be determined, as the two. were not found near
the contact. An interrupted zone of mineralization carrying. large
amounts of iron sulphide and intersected by narrow veins of quartz
and caleite, also mineralized, occurs in the sedimentary series, and
from this zone the placer gold has probably been derived.

SOURCE OF THE PLACER GOLD.

It has been generally believed by the discoverers and operators of
Porcupine and Nugget creeks that the gold contained in their gravels
has been transported from some region-outside the district. The sup-
posed necessity of this view is urged from the coarseness and worn
" condition of the nuggets and from the failure to find coarse gold or
more than small amounts of the free metal in any of the local veins..

The distribution of the placers is, however, distinctly against this
view and favorable to a local origin. If the occurrence of gold in the
gravels is due to glacial or water transportation there is no reason
apparent for its concentration in one stream and its absence from adja-
cent gulches. This localization and the fact that pay gravels are not
found in the upper portions of the gold-bearing creeks, beyond the
area of mineralization or where they enter the diorite intrusive belt,
strongly suggests that the gold has been derived from the surround-
ing country rock.

Besides the creek gravels, there are important auriferous bench
deposits filling abandoned channels a few hundred feet above the
present creek bottoms. These mot only furnish workable placers, but
have also contributed some of their nuggets to the gulch gravels through
the tributary streams which have cut into the deposits and effected a
reconcentration of their gold. This suggests an explanation for the
occurrence of rich deposits in potholes and the irregular distribution
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of gold in the gravel beds. These high henches will be more fully
discussed in the complete report on this placer district.

DEVELOPMENT.

The Porcupine placer diggings date from the summer of 1898, when
they were discovered by three prospectors en route to the interior over
the Dalton trail. After the rush to this creek in 1898 and 1899 there
was but little development until 1900, when several of the cliim hold-
ers bonded or leased their properties, while others formed companies
in order to obtain means to operate on a large scale. The peculiarities
of occurrence here require a still further combination of interests for
economic exploitation, and negotiations are now being made to bring
the entire creek under a single management. The only claims being
developed at present are the Cranston and Discovery, on Porcupine
Creek, and the Chisholm and Woodin claims on McKinley Creek. To
work the creek gravels it is first necessary to divert the stream into a
flume built to one side of the channel, then to install a derrick to
remove the large granite howlders, some of which weigh several tons
and have to be blasted. After this a hydraulic plant must be built.

On the lower claims very little work has been done owing to the
depth of the bed rock. The first property worked was the Cranston
~claim, about 1 mile above the mouth of the creek. Here a bench
deposit, which is said to carry good values, is being hydraulicked into
a sump cut into the bed rock 40 feet below the surface, from which a
bucket elevator, operated by water power, lifts the gravel to the sluice
boxes above. At the Discovery claim the gravel deposit is about 12 -
feet.deep and is reported to carry high values. The creek has been
turned through a large flume and at present an elevator is used to lift
the creek gravels, but cventually they will be worked through ground
sluices. :

On McKinley Creek, an eastern branch of the Porcupine, which
flows in a canyon-like valley, the beds of stream gravel are very nar-
row. On the Chisholm claim, not far from the mou_th of the creek,
the placers are being worked by the ground-sluicing method. A long
flume has been built along the side of the creek, and is so regulated
that the water can be turned back into the creek channel from time to
time and the smaller gravels washed downstream, thus removing tl-e
upper wash and concentrating the gold in a shallow deposit on de
rock from which it is easily recovered.

The operators of the Woodin claim, one-half mile above the Chis-
" holm claim, are hydraulicking a bench deposit of a channel 150 feet
above the creek. One troublesome factor here is the occurrence of a
capping of gravel cement 3 feet thick. This can not be disintegrated
by the hydraulic nozzle, which throws a 200-foot stream of water,
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and it is difficult to break it even with hammer and pick. The occur-
rence of a bed of glacial mud also entails the loss of much fine gold in
the sluice boxes.

Placer gold is found in workable deposits from the mouth of Porcu-
- pine Creek to McKinley Creek, its eastern tributary, a distance of 3
miles, and from this point for a mile or more up McKinley Creek.
The total production of the Porcupine basin since its discovery is estl-
mated to be $450,000.

Beyond the divide at the head of McKinley Creek lies Salmon River,
fed by numerous glaciers. In character its valley corresponds to the
Klehini, with its vast gravel bed over one-half milein width. The gold
discoveries here are of more recent date than those of the Porcupine,
and actual development work was first attempted during the summer
of 1902. Fine colors may be panned from almost any place along
Salmon River, but the coarse gold is all found in a few of the tributary
streams on the north bank. Nugget Creek, 20 miles from the mouth
of Salmon River, is the center of placer digging, and, on the creek,
. Discovery, two claims above the mouth, is the only holding which has
_ received much attention. The gravels on thig stream are worked by
the same method that is used on the Porcupine, though the creeck
is much smaller and less difficult to control. On the north side of
Salmon River between Nugget and Cottonwood creeks, a distance of
~ nearly 2 miles, there is a wide bench deposit 50 feet above the present
river, on which eight claims have been staked. From several pits an
average of 25 cents per cubic yard is reported. Plans are being made
to mine this extensive gravel bank and also to install large dredges to
work the bed of Salmon River. It is believed that these deposits will
yield favorable returns.

- On Bear Creek, a west fork of the Chilkat, is a third placer camp,
40 miles north of Chilkat Inlet. Since its dlscovel y in 1900 the camp
has been almost abandoned, largely through difficulties arising from
American ownership of claimsalong the creek, which is situated on the
Canadian side of the provisional boundary. As it is now in Alaskan’
territory, claims have again been staked and operations will begin in
the spring. :

Further prospecting and investigation of the surrounding region
may reveal other valuable placers, and possibly quartz ledges as well.
If it can be assumed that the Porcupine mineral zone is a continuation
of that extending along the coast from Windham Bay to Berners Bay
the belt should cross Lynn Canal diagonally from Seward City to the
vicinity of Davidson Glacier; so that the west shore of Lynn Canal,
opposite Sullivan Island and northward, would appear-to offer fav01-
able ground for prospecting.



GOLD PLACERS OF THE FAIRBANKS DISTRICT, ALASKA.*
By L. M. PRINDLE.

INTRODUCTION.

In the report of the Peters and Brooks expedition of 1898,% the
conditions in the Tanana country were described and prospectors were
advised to investigate the streams tributary to the Tanana from the
north and heading opposme the gold-pr: oduung creeks of the Fortymile
and Birch Creek regions.

In July, 1902, gold was discovered on a tributary of one of these
streams by Fehx Pedro, and the creek was named after him, The
neighboring creeks were staked during the fall and following winter,
and some development work was done. Stampeders came in over the
ice from Dawson and other points on Yukon River, but the momentum -
with which they came carried them beyond and out of the country
with only an unfavorable impression of it. Some were caught by the
springtime on the Goodpaster, were obliged to wait till the breaking
up of the ice, and finally reached the region by water. During the
summer of 1903 prospectors were coming and going, and about 200 men
were working on the various creeks, most of them handicapped by the
high prices of all supplies and the lack of money for the development of
their claims., Notwithstanding the unfavorable conditions, this district
produced from $30,000 to $35,000 during the summer of 1903.

GEOGRAPHIC POSITION.

On its way to the Yukon the Tanana receives several tributaries
from the north. The most important of these from east to west are
Volkmar, Goodpaster, Chena, and Tolovana rivers, and Baker Creek.
They all head far back in the Yukon-Tanana divide, and flow in
westerly and southwesterly courses. The area to be considered lies
- between Chena and Tolovana rivers and is drained by their tribu--
taries. It is 140 miles southwest from Circle, 200 miles in a straight
line west from Eagle, and perhaps 200 miles above the mouth of
Tanana River. This region forms a portion of what is known as

a Abstract of a more complete report in preparation.
b Brooks, Alfred H., A reconnaissance in the Tanana and White river basins, Alaska, in 1898:
Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, p. 488.
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_the Fairbanks district, and present interest is directed mainly co the
valleys of a few small streams, which head close to one another just
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within the hill country, about 12 miles north of Tanana River. Their

Fi1c. 1.—Sketch map of the Fairbanks district, Alaska.

geographic position is indicated on the accompanying map (fig. 1).

Bull. 2256—04——5
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ROUTES OF APPROACH AND SOURCES OF SUPPLY.

The district can be reached by trail from Eagle and Circle, or by
Yukon and Tanana rivers to Chena or Fairbanks, and thence by trail
to the diggings. The distance from Circle to the Tanana is about 150
miles, and this is the shorter and better trail from the Yukon, and is
generally preferred to that from Eagle by way of the Goodpaster. It
can be traversed by pack train in the summer and by dog team during
the winter months.

Fairbanks, situated on a slough of the Tanana, and bhcna about 9
miles below Fairbanks, are the nearest sources of supply, both places
possessing stores. Fairbanks is accessible only by the smaller steamers
like the Koyukuk, a boat 120 feet long by 24 feet in width, with an aver-
age draft of 22 inches. Chena is on the main river and can be reached
by the larger steamers. The total population of hoth places, together
with that of the creeks during the present winter (1903-4), is probably
about 800. Both are connected by trail with the diggings. The dis-
tance from Fairbanks to the nearest creek where mining isin progress
is about 10 miles, and the trail is said to be somewhat shorter and
drier than that from Chena. - Freight may be shipped by way of Yukon
and Tanana rivers to either place. Passenger rates from Seattle to
Chena or Fairbanks by way of St. Michael, Yukon and Tanana rivers,
during the past season, were $150 first class and $100 second class;
freight rates, $80 a ton. The rates from the Tanana to the creeks vary
from a few cents a pound in the winter to about 25 cents a pound dur-
ing the summer season. A telegraph office has been established by the
Government about half a mile above Chena, and telegraphic communi-
cation thus is made possible with other portions of Alaska and the
outside world. It is probable that in the near future an office will be
established at Fairbanks:

There is very little timber large enough for mining purposes on the
creeks, but a sufficient quantity is to be found a few miles away in the
lower valleys of the larger streams and in the valley of the Tanana
itself. Three sawmills are located at Fairbanks and have a total daily
capacity of about 50,000 feet.

Feed is good in portions of the main valley and on the timbered
slopes. (Grass was found growing luxuriantly along the trail from
Fairbanks to the creeks, and as late as the 11th of September had
been untouched by frosts. On the creeks where work is being done
there is but little horse feed.

GENERAL DESCRIPTION.

The Fairbanks district lies within the area of the Yukon Plateau,
which extends from the northern hase of the St. Elias and Alaskan
ranges to the base of the Rocky Mountains, far north of Yukon River,
and its characteristics are those of the great province of which it is a part.
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The countr y s (,ompowd of ridges and valleys. The l)roud-backed
ridges have an altitude of about 2,500 feet above sea level, and to an
observer at this height all seem to attain about the same general level
with the exception of isolated dome-like elevations of somewhat greater
height. They slope gradually toward the Tanana and break oft more
or less abruptly to the extensive lowland of the latter stream. This
southern edge of the Yukon-Tanana block of the plateau is much
dissected by numerous minor- streams, whose valleys are sunk to a
depth of 1,200 to 1,600 feet below the comparatively even' sky line of
the ridges. = The narrow V-shaped gulches of their headwaters widen
to open valleys, often bounded on the one side by precipitous slopes
and on the other by long, gently sloping spurs from the main ridge
to the stream valleys.

The moss-covered surface of the highest divides gives place to that
of the dwarf birch and alder on the lower ridges, and the growth of
small spruce on the slopes and stream bottoms is abruptly terminated
by the willow-covered strip which follows the waterway. Along the
upper slopes and spurs are scattering poplar and’ birch, which lower
down cover the hillsides bounding the Tanana Valley.

GENERAL GEOLOGY.

As this region in its surface features closely 1csemblos that on the
Yukon side of the divide, so the rocks are similar in character and
form a part of the series already proved to be of economic impor t(mcc
there.

The bed rock of the gold-placer dmgmgs of the Birch Creek mining
district is composed of an essentially schistose series of metamorphosed
sedimentary rocks, varying from a comparatively massive quartzite to
a quartzite-schist and mica-schist. These have been cut by intrusive
rocks, most of which are of a granitic character. This same series of
more or less completely schistose quartzites and mica-schists was found
to extend southward from the Birch Creek region to the diggings of
the Fairbanks mining district. Associated with these schists in the
Fairbanks 1cg1on are h01 nblende-schists, gneiss, and granitic rocks of
probably intrusive character. The distribution of the igneous rocks
has not yet been determined. ,

The area from the Yukon to the Tanana is closely folded and the
rocks often exhibit beautiful illustrations of overthrust folds in a
nearly horizontal position. The apparent dips are generally low and
give the rocks the appearance of gently folded strata.

The strike is variable, but the general structure seems to run north-
east-southwest. Quartz stringers occur in the schists, but the pro-
portion of quartz in the gravels, as in the Birch Creek district, is
small.
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CREEKS AND DEVELOPMEN’I‘.

The creeks of present economic importance are Pedro, called Gold
"Stream below the point where Gilmore enters it, and Twin Creek, a
tributary of Pedro; Cleary Creeck, with its trlbut‘ulos Chatham and
- Wolf; and chilb(ml;s Creek. = They are but a few miles apart, sepa-
rated by broad divides, 1 000 feet or more above them, and flow in
divergent -courses—Pedro toward the southwest and west Cleary
toward the northwest, Fairbanks toward the east. Pedro rmd Clefuy
belong to the dminage system of the Chatanika, which lower down is
called the Tolovana, and Fairbanks Creek flows into Fish Creek, a
tributary of the thtle Chena. Cleary and Fairbanks creeks are-
easily reached by comparatively good trails from Pedro Creek. The
distance is about 6 miles from the mouth of Twin on Pedro to Discov-
ery Claim on Cleary Creek, and it is about the same to the head of
Fairbanks Creek.

Claims include 20 acres, are a quarter of a mile long, and, with a few
exceptions, are. staked lengthwise of the creeks.

LPedro Creck and <ts tributaries.—Pedro Creek flows in an open
valley. It is limited on the east by a rather abrupt slope, and on the
west by broad, rounded spurs, sloping gradually from the divide to
the stream bottom, and occasionally showing a bench-like character in
the vicinity of the stream. Toward the headwaters and along the tribu-
taries the sides approach until the valley becomes sharply V-shaped.
The stream flat or valley floor varies in width up to a maximum of
about 1,000 feet, and the grade in the portion where work is in progress
is about 100 feet to the mile. The stream itself carries perhaps 3 to
4 sluice heads of water, or about 200 miner’s inches, in its meandering
course oyer the willow-covered flat. The sides of the valley are clothed
with a light growth of spruce, sufficient only for wood and cabin mate-
rial. The tributaries are small and flow in narrow valleys. On the
west are Deadwood, Twin, and Steamboat creeks; on the east, Nugget
Guulch, California Gulch, and Gilmore Creek. The continuation of
_ Pedro helow Gilmore has, unfmtumtely received another name and
is known as Gold Stream.

The area of present interest includes the lower portion of Twin
Creek, the 3 miles of Pedro from Twin to Gilmore, and 2 to 3 miles
on Gold Stream.

Twin Creek heads in the triangular divide between the Fairbanks,
Cleary, and Pedro drainage areas. It is about 3 miles in length a,nd
flows in a narrow V-shaped valley over the bed rock, composed, so far
as known, of quartzite:schist and porphyritic granite. The creek
was staked in September, 1902. Work has been done at the mouth
and at a point about one-half mile above the mouth.

There is about 12 feet of material on the bed rock, haltf of it muck
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and coarse rock fragments, and the other six feet a mixture of more

or less angular flattened fragments of quartzite-schist, mica-schist,

granite, and occasional large pieces of vein quartz up to 200 pounds in,
weight. The pay dirt varies from 2 feet to over 4 feet in thickness.

Tt is somewhat finer grained than the material above it and contains a

sediment composed of sand and a large proportion of yellow clay,

which makes panning rather difficult.” The dirt is said to average

about 4 cents to the pan, and to run from $5 to an_ ounce a day to the

shovel. The gold is generally flat, and occasional pieces are found up

to a half inch or more in diameter,' worth from 50 cents. to $2.50.

Sufficient work has not yet been done to give definite information in
regard to the average value and distribution of the pay dirt.

Pedro Creek for 2 or 3 miles below-Twin keeps for the most part
cluse to the rather steep slope bounding the unsymmetrical valley on
the east. The stream hottom widens on the west and merges into the
spruce-covered hillside, which rises gradually to the divide between
Pedro and Cleary creeks. '

The bed rock, so far as seen in this part of the creek, was found to
be a quartzite-schist. This is mantled over with 10 to 25 feet of muck
and gravel. The muck averages, perhaps, 4 feet in thickness and is
underlain by gravel to bed rock. The gravel is composed mostly of
flattened fragments of schist, with occasional pieces of guneiss, granite,
and vein quartz. The gravel containing the gold varies from 2 to 7
feet in thickness, and gold is also found in the bed rock to a depth of
about 24 feet. The pay dirt is characterized by a yellow color, due
to a considerable quantity of the fine yellowish sticky clay, and ranges
from 5 to 20 cents to the pan, with occasional pans of much higher
value. The gold is of a bright color and occurs generally in small,
flattened pieces. Very fine gold is sometimes present, and coarse,
lumpy pieces up to a value of $14 have been found. Garnet and
rutile ave frequently associated with the gold.

Prospect holes have been sunk during the winter, but most of the
developments were made in the summer. The claims are worked by
open cuts, and the low grade of the creek has necessitated the con-
struction of bed-rock drains up to about 800 feet in length. Ground
sluicing is commenced by May 20 and shoveling in by June 22. Work
can be continued till about the middle of September. Ground is pre-
pared by draining and stripping off the 4 feet or more of muck, after
which the gravel becomes thawed and is ready for shoveling in.

During the past season wages were in some cases as high as $1 an
hour for a man and $25 a day for a team. The expense of working
probably absorbed from 50 to 60 per cent of the production. o

Gold Stream, the continuation of Pedro below Gilmore Creek, was
not visited. From the information available, however, it would seem
that the conditions there are similar to those on Pedro Creek except
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that there is more ground to be worked by drifting methods. So far
as could be learned, less development work had been done than on
Pedro Creek.

Cleary Creck and its tributaries.—Cleary Creek flows in a north-
easterly and finally northerly direction to the Chatanika. Its general
characters are similar to those of Pedro Creek. It flows in an unsym- .
metrical valley bounded on the east by a rather steep, wooded slope.
On the other side a bench a quarter of a mile or more in width rises
gradually from an elevation of 15 to 20 feet above the creek flat to the
foot of the wooded slope on the left. .

The tributaries of importance are Chatham and Wolf creeks. Chat-

-ham is about a mile in length, heads in the divide opposite Twin Creek,
and flows in a northerly direction in a narrow valley, which has a
stream flat about 300 feet in width at its mouth.

The headwaters of Wolf Creek have formed an amphitheatral depres-
sion in the divide between it and Fairbanks Creek. The main creek
is about 1} miles in length, and flows in a rather open valley, which
expands to a flat a quarter of a mile in width, merging-with that of
Cleary about a mile below the mouth of Chathfun

Below the mouth of Wolf Creek the valley of Cleary w1dens, rather
steep, wooded ridges approach it closely on the west, the stream flat
on the east hecomes more thickly wooded, and rises gradually until at
a distance of about a mile from the stream it merges into the base of
the wooded ridges. Cleary Creek, 6 miles below Wolf, flows into the
Chatanika.

The bed rock is mostly mica-schist and. quartzite- Schlst hornblende--
schists occur, and a granitic rock of apparently intrusive character is
found near the head of Chatham.

Work is in progress on Chatham, Wolf, and the portion of Cleary
from Chatham to a point a half mile or more below the mouth of

“Wolf. Claims are being prospected along Chatham, and, at the mouth,
mining is carried on by the open-cut method. Sufficient work has not
been done to determine the average thickness of the gravels or the
average value and extent of the pay dirt. The material on bed rock
varies from 4 to 20 feet in thickness, and the covering of muck con-
stitutes in some cases a considerable proportion of this. The gravelis
composed mostly of schist, and has been found to yield values ranging
from 1% cents to, in exceptional cases, 40 cents to the pan. The gold
is generally fine, but nuggets have been found up to a value of $5.
The gold near the head of the stream is rough. ’

On Wolf Creek the covering on bed rock is from 4 to 10 or more
feet thick. The gravels are composed of quartzite-schist and this is
the rock which outcrops on the rim of the amphitheater at the head of
the creek. The open-cut method is used and very little ground is found
to be frozen. The gold is generally in the lower portion of the gravel
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and down to 2 feet in the bed rock. It is mostly of a bright color,
and that found at the head of the creek is very rough and angular, and
feels gritty in the handling. It bas the appearance of having traveled
but a short distance. = . ‘

On-the main creek considerable work has been done. The depth to
the bed rock of mica-schist and quartzite-schist varies from 18 to 40
feet, including from 4 to 30 feet of muck, ‘“chicken feed” gravel, and
pay dirt. . The pay dirt here, as in the other localities, contains the
yellowish clay which often has to be scraped from the rock fragments
in order to save the pay. Nuggets have been found up to a value of

-$19. Some of these have considerable quartz attached and some are
black in color. Most of the development thus far has been on the
west side of Cleary, opposite the mouth of Wolf Creek. The method
employed here is drifting, and a plant has been installed consisting of
a 6-horsepower hoiler and accessories, capable of thawing by 5
steam points about 300 eight-pan buckets in ten hours, and at least one
sluice head of water, or about 50 miner’s inches ig required for sluic-
ing. During the past summer, for a few days, the stream was running
less than that. In the early part of September from 3 to 4 sluice
heads were available. :

The bench to .the left of Cleary is being prospected, but the depth
to bed rock of over 30 feet renders this a slow process.

Furrbanks Oreck.—The valley of Fairbanks Creek lies just over the
divide to the east of Wolf Creek. Its upper portion lies between
the drainage areas of Pedro and Cleary creeks. It flowsin an easterly
and southeasterly direction, a distance of about 9 miles to Iish Creek,
a tributary of the Little Chena. In its upper portion it is narrow and
V-shaped; lower down its unsymmetrical valley is bounded on the
south hy a steep slope with short, abrupt spurs, and on the north by
broad spurs a mile and a half in length, sloping gradually from the
ridge 1,400 feet above the valley to the creek hottom. - The creek is
small, carrying only a few sluice heads of water, and flows through a

- willow-covered flat 100 to 300 feet in width, with a grade of about 100
feet to the mile. For the last two or three miles it meanders across
a broad flat to Fish Creek. The spurs to the north ave thickly covered
with a growth of small spruce and some poplar. A very small pro-
portion of the spruce is large enough to saw into 8-inch boards.

Moose, Crane, Alder, Walnut, and Deep creeks are the.main tribu-
taries from the north. They are about 14 to 2 miles in length and are
separated by the broad spurs from the main divide. Those from the
south ave short and flow in narrow canyons.

Fairbanks Creek is still in the prospecting stage of development.
Some work has heen done and pay has been found over several miles
of its course. The hed rock, so far as known, is mica-schist, quartzite-
schist, and gneiss. These are covered with a thickness of 14 to
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over 40 feet of muck and gravel. Muck may constitute a half of this,
and is underlain generally by a light wash, and this by a sediment-_
bearing gravel in which the gold is found. The gravel is composed
mostly of quartzite-schist, some mica-schist, gneiss, and occasional
large pieces of vein quartz up to a foot or more in diameter.

The pay dirt is said to run from 2 to 7 feet in thickness and to
contain values averaging from 2 to 15 cents to the pan. The gold is
generally bright and occurs in granular or flattened pieces, some of
which have been found worth $1.50. : :

As the ground is deep and frozen, prospecting is a time-consuming
task. Holes are sunk by the use of wood fires, hot rocks, and hot
water. Sometimes a combination is used, and where there is danger
of thawing the walls too rapidly, hot water is preferred. It is diffi-
cult to thaw much more than 2 feet a day by any of these methods,
and their use means an expenditure of energy far in excess of the
results attained, yet many miners are forced hy lack of capital to
work by these methods, and much patient work under adverse con-
ditions is being accomplished. One boiler with steam points was in
operation; another had just reached the creek, and a third was met on
the way, both of which were expected to be in operation within forty-
eight hours. ‘

With the advent of the boiler, work can be done more easily and -
quickly, and a brief description of the method may not be out of place.
Boilers at present in use on the creeks vary from 2 to 6 horsepower, and_
are capable of supplying steam to 4 or 5 points. . Steam is generated by
the boiler, passes through an ordinary steam pipe, and is delivered to
the points. These points are pipes from 4 to 5 feet in length, attach-
able at one end to the steam pipe and at the other end provided with
a small opening through which the steam rushes with greatly increased
penetrative force. They correspond to the nozzle attached to fire
hose, and the whole system is similar, with the exception that the
thawing machine is adapted to the transmission of steam rather than
of water. The blunt ends of the points are placed in position against
the frozen surface and the steam turned on. Shatts may rapidly be
sunk to bed rock by this method and the ground then drifted out
laterally. Care must be exercised to prevent the too extensive thaw-
ing of the ground with the consequent ‘‘sloughing” or falling in of
material from the walls.

SUMMARY.

The creeks above described ave the only ones in the Fairbanks dis-
trict which up to the present time have given favorable results. The
conditions of occurrence on all of them are essentially the same. No
foreign wash was observed, and it would seem that the gold has been
derived from the rocks in which the creeks have cut their channels.
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These rocks are mostly schists, often containing small quartz stringers,
and the fact that igneous rocks are associated with them suggests the
 possible relationship of these to the mineralization.

The pay is generally found at a considerable depth, and, with a few
exceptions, in frozen ground. The creeks are small, carrying hardly
sufficient water for extensive operations, and their grade is low.
Timber for mining purposes has to be freighted generally for sev-
eral miles from the lower valleys. Trails along the ridges are good,
and where they traverse the wooded areas have heen well cut out, but
the sight of heavy loads hauled by horses on sleds over the swampy
ground along the creeks is an eloquent illustration of the need of good
roads. - : ' :

Although no large values have yet heen discovered, the gold seems
to have a considerable distribution on the creeks where it has heen
found and is known to occur at some localities in sufficient quantity
to pay for working under existing unfavorable conditions. The Fair-
banks district deserves consideration, and with -better means of com-
munication and supplies at more reasonable prices the development
will be greatly hastened. '

s



THE KOTZEBUL‘ PLACFR GOLD I‘IFLD OF SEWARD PENINSULA
ALASKA.*

By Frep H. MorFIT.

GENERAL DESCRIPTION.

The Kotzebue placer-gold field is in that part of the northeastern
portion of the Seward Peninsula which lies to the south of the eastern
- extension of Kotzebue Sound, and is nearly 150 miles northeast of
Nome. Ina rough way, the more important camps may be included in
~ arectangular area, about 40 miles from east to west and 20 miles from
- northtosouth. Deering and Kiwalik are the chief distributing points
for provisions and supplies, but during the past season steamers have
landed parts of their cargoes intended for the more western camps at
the mouth of Rex Creek, west of Deering. The region offers few
attractionsto the prospector. Low, tundra-covered hills, natural hreed-
ing places for mosquitoes and black flies, surround him on every side.
Traveling, difficult on the higher 0‘10und is almost impossible over
the lowlands bordering the sound fmd on most of the streams. The only
fuel for cooking or heating is that afforded by the low willows scat-
tered along the bottoms of “the valleys.

The coast line forming the northern boundary of the field is but 30
miles south of the Arctic Circle, and in consequence of .its position
the region is subject in summer to much damp weather and in winter
to severe cold, with strong winds, more trying to the traveler than
the lower temperatures but quieter atmosphere of the interior.” The
area containing the gold-producing streams is limited in an east-west
direction by the one hundred and sixty-first and one hundred and
- sixty-third meridians, west longitude, and in a southerly direction all
of the camps where gold is mined are within 20 miles of the coast,
except those on Bear Creek, which are nearly twice that distance.

This area forms the eastern part of the Fairhaven mining district,
including the drainage into Kotzebue Sound, beginning with Good
Hope River on the west and ending with Buckland River on the east.

aThis paper is an abstract of a more complete discussion which is shortly to appear in a paper
entitled ‘“A Reconnaissance of the Northeastern Portion of Seward Peninsula, Alaska.”

4
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Three principal streams flow through the district—the Inmachuk,
Kugruk, and Kiwalik rivers. All these bavc a general northerly
course and drain an area of between 1,500 and 2,000 square miles. Of
the three the Kugruk is the largest and cconomlcally the least impor-
tant, since very little gold has been taken from it. Kiwalik River,
the second in size, is of special interest because its tributary, Candle
Creek, has produced more than three times as much as the combined
output of the other creeks. The Inmachuk and two of its tributaries,
Old Glory and Hannum creeks, have afforded much the larger part of
the remainder. Besides these Bear Creek, which empties into Buck-
~land River, aad the Alder Creek beach diggings should be mentioned,
as well as Chicago Creek, a tributary of the Kugruk, on which a coal
or lignite bed was worked during the past winter.

The topography of the country south of Kotzebue Sound is gener-
ally of low relief and monotonous appearance. Here and thcw, as in
the vicinity of the Asses Ears, a prominent elevation south of Good
Hope Bay, so named by Kotzebue in 1816 because “‘its summit is in
the form of two asses ears,” and on the divide between Kiwalik and
Buckland rivers, more elevated masses of limestone or eruptive 1ocks
reach a height of from 1,500 to 2,500 feet above sea level. -

The field may be 1emchcd from Nome either by overland trail or by
boat through Bering Strait and Kotzebue Sound, the distance in the
first case being over 150 miles directly across the peninsula, and in the
second case about 300 miles. Of the two the water route is now gen-
erally plefeued but can be used only for about three months in the
year, since navigation is closed by the ice during the remaining nine

months.
GEOLOGIC SKETCH.

The rocks of the Kotzebue gold field are almost entirely micaceous
and graphitic schists of uncertain age and thickness, interstratified with
occasional beds of limestone and overlain by an extensive flow of recent -
cellular lavas. :
© The highly metamorphosed rocks must have suffered an immense
amount of erosion and were reduced to an almost level plain with here
and there low hills of limestone and sometimes of granite rising above
it. Over much of this plain was then poured out a thin sheet of lava,
which overflowed several thousand square miles of territory, ﬁ]lmg
- up the depressions and surrounding the higher pomts On account of
the lava and overlying tundra, outcrops of the schist are not plentiful
and are generally found where the streams have cut their way through
the eruptive sheet, forming canyon-like valleys bordered by rims of:
broken lava blocks.

Both schists and limestones are much folded, showing that they
have been subjected to great pressure, and the schists have been further
modified by the formation of a complicated series of quartz veins and
lenses, fragments of which form a considerable portion of the gravels.
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In the southwestern part of the field, in the neighborhood of the
Asses Ears, is an elevated area of white crystalline limestone rest-
ing on or, as is much more probable, intruded by masses of very
coarsely crystalline granites, one of which forms the *‘ Ears.” At the
eastern border of the field the schists are interrupted by a great mass
of eruptives, with a central core of granites and diorites flanked by
andesites and lavas. The andesites are more widely developed than
the granites and surround them on all sides, so that in approaching the
higher elevations of the divide one meets first the cellular lavas, then
andesites, and finally the granites, extremely coarse and in places with
little or no quartz.

A characteristic feature of these mountains is the terraced appear-
ance which they present when viewed from a distance, produced by
the benches of hroken blocks of the countl v rock.

GOLD OCCURRENCES.

For convenience in description the principal streams where gold has
been produced may be divided: into two main districts—the Inmachuk
River drainage area and the Candle Creek area, belonging in the
Kiwalik River drainage system Ot these two districts, viewed from
the standpoint of production in the past Candle Lleck is by far the
more important.

Inmachuk River.—The Inmachuk River is between 25 and 30 miles
in length. It rises in the limestone area of the western part of the
field, flows toward the northeast to the flats bordering Kotzebue
Sound, and then meanders slowly in the same general direction to the
sound. At Record City the eastern fork, known as Pinnell River,
joing the main stream from the south.

The most productive portion of the Inmachuk begins near the mouth
of Pinnell River and extends down the stream for a number of miles.
The valley is much broader than those of the tributaries, and in this
portion is occupied by a series of broad flats, having in places a width
of more than a quarter of a mile.

The gravels occasionally reach a thickness of 6 to 8 feet. They are
invariably frozen, except in the channel of the river, and are often
covered by an ice bed. The bench and creek claims on the Inmachuk
have been more extensively prospected than on the other streams, with
the result that in a number of places a well-defined pay streak is
known. At two localities lines of holes, extending across the valley,
have been thawed down to bed rock, and at a number of places lines
of holes have been sunk part way across. This work is carried on
with the aid of thawers, the boilers ordinarily furnishing steam to
4-foot points set twice each day. The consumption of fuel in work of
this kind is large, and greatly increases the cost of mining.
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Hannum Creek, which flows into the Inmachuk above the mouth of
the Pinnell, has produced a small amount of gold during the last two
years. This stream flows through a narrow canyon-like valley sur-
rounded by a rim of lava and sheeted over with gravels, consisting:
mainly of schist with smaller amounts of quartz, limestone, and lava,
which appear in pl‘lccs as broad tundra-covered flats one-fourth to
one-half mile long.

The gold is irregularly distributed along the bed rock of the channel,

r “spotted,” as the prospectors say; with it is associated some pyrite
and a very small amount of galena.

Old Glory, on which the ougmal discover y of gold in this region
was made, is a short creek about 6 miles in length, rising in the lime-
stone area north of the Asses Ears and joining Pinnell River 14 miles
above its junction with the Inmachuk. The valley of Old Glory is
cut in a series of schists with occasional interbedded limestones; it is
broader than that of Hannum Creek, and is covered with a sheet of
wash gravel, largely quartz, which extends well up on the slopes.
Near the bottom of the valley the gravels have been much disturbed
by the sliding of rock, gravel, and tundra from the sides. These
gravels differ further from those above in the much larger amount of
schist which they contain and the decrease in rounded quartz pebbles.
No pay streak is known, the creek being ‘‘spotted,” as is Hannum

* Creek.

Candle Creck.—In the eastern district Candle Creek, which has pro-
duced more than three times as much as the combined output of all the
other camps, joins Kiwalik River about 9 miles above the town of
Kiwalik on the sand spit at the entrance to Spafarvief Bay. The creek
is nearly 16 miles long. It flows in a northeasterly dirvection through a
broad V-shaped valley with gentle slopes and rounded tundra-covered
hills, which jare always wet and make difficult traveling for men and
horses.

Sixty-six claims, (,ontrunmfr 20 acres each, are said to have been
staked on the ucok, hesides a (,onsldcmble number of bench claims on
either side of these. The gravels of Candle Creek are almost entirely
schist with a small amount of quartz. On some of the bench claims

‘the gravels have a thickness of 8 feet, exclusive of ‘‘slide” and tundra.

Near the stream they are generally overlain by a bed of ice. Owing
to the low grade of the channel the use of bed-rock drains has not been
possible on this creek, and the China pump is universally employed
for keeping the pits clear of water. The cost of mining is considera-
bly increased for this reason, since one extm man and sometimes two
are required to work the pumps.

During the last two years the channel has been nearly worked out,
and attention is now turned toward the bench c¢laims, on which the
future of the camyp largely depends. These bench claims are known

b
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to carry gold, and in one or two instances have yielded large returns,
but the successful treatment of the'deposits depends on securing a
supply of water of sufficient head and volume to remove the overlying
tundra and ice economicdﬂy and to work the gravelson a considerable
scale.

Bear Creck.—Bear Creek, which empties into Buckland River
between 40 and 50 miles to the southeast of Candle City, is about 17
miles long, and rises in the eruptive area east of Kiwalik River.
During the past season some 40 men have been at work on the creek.
The output is derived chiefly from two small tributaries, Sherdon and
Cub creeks, and that portion of Bear Creek which lies between them.
On account of the difliculty of obtaining supplies, all of which must be
brought overland from Candle City, none but the richest of the claims
have paid for working under present conditions, and many of the
prospectors report that they have not made wages.

Alder Beach.—These diggings are located near the mouth of Alder
Creek, which flows into Kotzebue Sound about midway between Kiwa-
lik fmd Deering. The gold-bearing gravels, being shallow and of no
great extent, have furnished work for only a few men. The gold
occurs on bed rock; it is fine and little worn, and is clearly derived
from the neighboring schist.

The output from Alder Beach diggings for the past two years is
1ep01 ted to be between $12,000 and $14,000.

CHARACTER AND ORIGIN OF THE GOLD.

The gold production of the Kotzebue field from the year of its
discovery, 1901, to the present is estimated to be not far from $415,000:
Of this amount some $325,000 came from Candle Creek, about $12,000
from the Alder Creek diggings, $10,000 from Bear Creek, and the
remainder from Old Glory, Hannum Creek, and Inmachuk River.
The production of Hannum is very small.

Gold from the Inmachuk district is dark and heavy, assaying about
$18 to the ounce; almost no black sand is present, but considerable
gray sand or pyrite is seen in the pan and the boxes always contain a
large quantity of rounded hematite pebbles which the miners call
““ironstones.” The gold frequently contains a little quartz and is
sometimes seen in the form of fine veinlets in the ironstones.. Small
_pieces of rutile are occasionally found with the heavy concentrates and
have been mistaken for cassiterite. Dr. Cabell Whitehead, of the
Alaska Banking and Safe Deposit Company, has informed the writer
that about 27 ounces of tin were recovered in cleaning gold brought
to Nome from Old Glory Creek, so that the tin ore, cassiterite, must
be present on that stream. On the upper part of Hannum Creek, a
small quantity of galena is associated with the gold and ironstones.
Much of the gold from the Inmachuk and its tributaries is coarse and
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rough. Pieces of the value of $2 or $3 are not uncou:nnon, but no
large nuggets have been found.

Candle Creek gold resembles very much that from the Inmachuk, but
isusually somewhat darkerand issaid not toassay as well. The minerals
associated with the gold are the same ag those found on the Inmachuk.
Many of the ironstones ave nearly always present and a decrease in
their amount is regarded by the prospectors as an unfavorable sign.
So dark is the gold that it is not an uncommon sight to see a miner,
when panning, hite a nugget in order to make sure of its being gold
and not one of the ironstones. One nugget worth $62.10 and a .accond
$36, have been taken from the creek.

Bear Creek gold, assaying over $19, is flattened and much brighter
in color than that from any other part of the field. With the gold is
found considerable black sand, which is entirely removed by the mag-
net, and is undoubtedly derived largely from magnetite in the granites
and andesites forming the eruptive mass in which the stream rises.
The presence of black sand constitutes a second difference between
this gold and that from Candle Creek or the Inmachuk district. Gold
from Sherdon Creek is much coarser than the fine, flaky gold on Bear
and Cub creeks, but the Cub Creek gold occurs throughout the whole
thickness of the gravel, differing in this respect from Sherdon and
Bear creeks, where it 'is found on bed rock. Cub Creek gravels also
show a large amount of a heavy, red, cherty rock, which sticks in the
pan or rifles and causes inconvenience in sluicing.

The gold from the Alder Beach diggings is ﬂaky and bright. It
occurs on the shallow bed rock and includes some wire gold, .showmg
that it can have traveled but a very short distance before reaching its
present 1cstmo~ place.

There can be little doubt that the gold of the Alder Beach, Candle

' Llcek, and’ thc Inmachuk region has had very much the same history
as is ascribed to the other deposﬂ;s of Seward Peninsula—that is, that
the gold is of local origin and is concentrated from an original supply
widely disseminated in small quartz veins and stringers and impreg-
nated zones of the bed rock. This is shown both by the character and
occurrence of the gold itself.

The valuable gravels are all derived from the weathering of rocks
which have been subjected to intense pressure, heat, and other influ-

" ences of such a nature as to change entirely their original chavacter

and fill them with an intricate network of small quartz veins and
lenses known in some cases to be gold bearing. The concentration
due to the action of running water on the vast amount of material
derived: from the decompositon of these gold-bearing schists, amount-
ing to a vertical thickness of hundreds and possibly thousands of feet,
has without much doubt given rise to the rich.gold deposits now found
in the gravels. So constant is the association of the gold with the

-
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schists that the prospectors refuse to waste time in the search for gold
in a place where the schist is not found. '

It is further probable that in nearly every case the gold has traveled
but a relatively short distance from its original source; its rough,
unworn appearance, the absence of any large amount of fine, bright,
flaky gold, the occurrence of wire gold in one instance, and the pres-
ence of cons1derablo quartz in the nuggets, all tend to establish this
conclusion.

COAL.

The discovery on Chicago Creek of what appears to be a good-sized
bed of lignitic coal has been of considerable interest to prospectors in
the neighboring country, where small willows constitute the chief
supply of fuel. Chicago Creek, which is tributary to Kugruk River,
is about 9 miles from the coast and lies between Candle City and the
mining camps on Inmachuk River. The coal occurs at a point some-
what more than a mile from the mouth of the creek and was discovered
by prospectors who found pieces of float in the stream gravels and
traced them to their source, which they located for mining purposes.
During the past winter a slope was driven into the coal for a distance
of 150 feet or more, and it is said that a crosscut of 60 feet was made
without finding the walls, thus seeming to indicate that the deposit
lies in a horizontal position and has tonsiderable thickness. The coal
is solidly frozen so far as uncovered and contains a large percentage
of ice, which causes it to check and crumble on being thawed. It
burns quickly with a bright flame, lcfwmg a small quantity of fine,
white residue like wood ash. The miners regard two tons of this coal
as equivalent in value to about one ton of Wellington coal, which
ratio is also expressed by the prices of the two, since Wellington coal
sells for about twice ag much as the native product. For use in boilers
the imported coal is preferred, although costing over $80 per ton at
the camps, but for cooking purposes, as well as for heating, the Chicago
Creek coal is satisfactory and may pellups prove to be of some local

-importance. '



QUARTZ VEINS IN MAINE AND VERMONT,
By Grorae Oris Smrri.

INTRODUCTION.

During the past field season two localities in northern New England
were visited where there is some slight activity in the exploration of
quartz veins containing precious metals. While separated by approx-
imately 135 miles, these two districts, the one in western Maine and
the other in southern Vermont, possess some points of similarity.
Furthermore, the veins occurring here are believed to be typical of
ore deposits throughout this general region, and since they are the
most promising deposits being prospected within this area they may
properly be discussed together. It is believed that the results of
reconnaissance observation as here presented may be taken as fairly
- representative for this class of veins as they occur in northern New
England. In the one case development work has not been carried to
sufficient depth to warrant very definite conclusions, yet in the other
locality the explorations have continued for scores of years with little
change in the character of the veins as exposed.

MAINE.

The mining property in Maine upon which the most development
work has been done the past year is situated in Milton Plantation, in
Oxford County. The region is one of considerable topographic
diversity and borders upon what might be termed the mountainous
portion of western Maine. A group ot high hills which here encroaches
upon the valley of Androscoggin River includes Mount Zircon, the most
prominent height of the vicinity, and Mount Glines, a somewhat lower
knob, on the slopes of which the mining work has been done. The
country rock appears usually to be granitic. This granite as observed
in the vicinity of the quartz veins is characterized by shear structures
and banding of the constituent minerals. The resultant gneissoid
texture trends about 30° west of north. This granite appeais alto-
gether distinct in its textural characters from the granite quarried on
the Maine coast. The latter rock is known to be of Paleozoicage and
it seems probable that the gneissoid granite here discussed is older.

Bull. 225—04—6 v 81
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. The granite from Mount Glines, when examined microscopically, is
found to contain both hiotite and muscovite, the dark mica being some-
what altered to chlorite. The feldspars are only slightly altered
and the quartz is clear. Garnet, zircon, and rutile are accessory
constituents. ‘

The northernmost of the quartz veins prospected on Mount Glines is
a well-defined fissure vein striking about N. 25° E. with a southern dip
varying from 65° to 70°. This trend cuts the banding of the granite
at an angle of over 50°; although locally the granite close to the
fissure exhibits a schistosity parallel to the vein. In the case of both
this and the other veins the evidence all points to the occurrence of
two distinct periods of deformation of the rock, an earlier, in which
shearing produced the gneissoid texture of the granite, and a later,
to whichmust be attributed the fissuring of the granite togethe1 with
the occasional production of some degree of schistosity in the rock
adjacent to these fissures.

Explomtlon work has been donme on the above-mentioned fissure
vein, so that some of its characters may be observed. - In the shaft
(No. 1) the vein is composed of quartz, together with varying amounts
of talcose material. This material when studied under the microscope
is seen to be simply altered wall rock. The feldspar is almost com-
pletely altered, probably by hydration, into masses of kaolin and
sericite. The quartz that remains in the original grains is clouded
with lines of minute cavities. The muscovite is present in this
altered phase of the granite, but its flakes have been bent by the move-
" ment which the rock has evidently experienced. Small veinlets of
clear, secondary quartz cross this material in all directions. .

- The gangue of the vein is largely white quartz, clear in color and -
compact in texture. With this is associated the stringers of greenish
material already described. This oceurs mostly near ‘the walls, and
from its mixture with quar tz g gives the vein in places the appearance
of pegmatite, this being a str uctural resemblance only, as the feldspar
characteristic of pegmatite veins is lacking here. The sulphides,
galena and pyrite, occur in scattered bunches in the vein, which varies
from 43-feet to less than 24 feet.

While this vein is plainly a fissure vein, its walls are not at all points
well defined, owing to the occurrence of other fracture planes which
intersect the main fissure walls at slight angles and cause the irregu-
larities in width of the vein mentioned above. The walls are not
slickensided and in places the distinction between vein material and
wall is obscure. There is therefore in this vein no evidence of move-
ment later than that at the time of the formation of the fissure, when
the masses of granite described above were separated from the walls
and more or less crushed and then incorporated in the vein filling. -

Seventy-five feet lower on the siope a tunnel has been driven in on
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this same vein. Here it is even more irregular in width. A seam of
© pyrite one-half inch in width was exposed in the working face of the
tunnel when visited in July, 1903. '

Several smaller veins have been located on the same slope of Mount
Glines, but these ave not worked. The No. 6 vein is being devel-
oped by a shaft. This véin is similar in composition to No. 1, and
a thickness of over 6 feet is exposed. It strikes N. 20° E. and is
nearly vertical, dipping to the north. The walls of this vein are not
so sharply defined as those of the other vein, being in part due to
approximately parallel shear planes developed in the granite walls.
The ore minerals are galena and pyrite, occurring both in bunches
and in a fairly distinet streak, 4 inches wide, near the rorthern side
of the vein. This band of sulphides dips to the northwest, crossing
the vein at an angle of about 45°, and this dip agrees with that of
veins of quartz seen in other parts of the main vein.

Open fissures also occur in the vein, and all of these, like the small
veins of quartz and the streak of sulphides, cross the general structure
of the quartz gangue, which is nearly vertical, while the others are
characterized by the northwest dip. These rélations are considered
as evidence of a fissuring subsequent to the formation of the large
fissure and the crystallization within it of the gangue minerals. The

conclusion suggested by this hypothesis is that the ore-bearing solu- .

tions were of later origin than the solutions from which the major
_portion of the quartz was deposited. This assignment of a later date
to the ore minerals than to the most of the quartz gangue is important,
since it follows from the application of this hypothesis that in this
region thick veins of quartz are not of themselves necessarily indica-
tive of the presence of ore unless they show evidence of the later
fracturing that preceded the introduction of the ore minerals.

The ore exposed by the development work on Mount Glines is very
irregularly distributed within the veins. ~This lack of natural concen:
tration detracts from the value of the ore. Any estimate of its value
should not disregard the proportions in which the metallic sulphides
are mixed with the gangue minerals. Usually the nature of this
admixture is such that the greater part of the quartz would need to be
handled with the ore minerals. An assay of anything less than a com-
plete sample taken across the entire width of the vein therefore would
have little direct bearing upon the economic value of these veins.

Assays from the Mount Glines property have been reported as indi-
cating values ranging from $7.50 to $49.68 per ton, it being stated
that the ore increases in value with depth. These assays were doubt-
less made of picked material. At the time of the visit to this prop-
erty, No. 1 shaft, which had been sunk to a depth of 35 feet, was half

full of water. A sample was, however, collected in the upper part -

of .the shaft, where the vein is 24 feet in width. This sample was of

i
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selected quartz, the selection being such as could readily be made
in ore sorting, and the assay of this sample, made by Dr. E. T. Allen in
the Survey laboratory, is given. below under A.

At vein No. 6, the sample was an average across the vein, where 6
feet of quartz is exposed in the shaft, including the narrow streak of
galena and pyrite described above. The assay of this sample is given
under B. The calculated value per ton of the material of which the
two assays have been made would be, at average market prices of
the contained metals, 63 and 55 cents, respectively.

Assays of ore from the Mount Glines mine, Oxford County, Me.©

A. B. C.
Gold ... IO None. | None.{ Trace.
Silver.. ... ... . ounce..| None. | None. 3.50
Copper _ . i percent..| 0.16| '0.18 3.33
Lead - oo do....] 0.25 0.08 47.95

a Assnys.A and B, by E. T. Allen, U. 8. Geol. Survey; assay C, by Milton L.'Hersey-, city and provin-
cial analyst of Montreal

Contrasted with assays A and B is the assay C, made for the Mount
Glines Gold and Silver Mining Company. The value of the ore as
calculated from the assay is given as $49.68.

This sample was taken, it is reported, from the No. 1 vein at a depth
of about 35 feet. In comparing this assay with the assay of the sample
from the same shaft, as given above under A, it will be noted that the
value is almost wholly in the copper and lead. Again, the high per-
centage of lead shows that the sample sent to Mr. Hersey was almost’
55 per cent pure galena. This indicates the method employed in col-
lecting the sample, which, indeed, is comparable to a low grade of coarse
mill concentrates rather than to ore as mined. This assay is to be
regarded as that of a cabinet specimen of galena, rather than of an ore
body. In determining the possible value of a quartz vein the only
assays that can be used as a basis for calculation are assays of average
samples across the vein, like B in the table given above, or of samples
like A, of selected ore picked with no more discrimination than is
possible in the ordinary sorting of ore by miners.

Development work has heen continued on the Mount Glines prop-
erty and the streak of sulphides is reported to have increased in
width and in percentage of copper. At present nothing more definite
can be stated concerning the value of such quartz veins than is given
above. All the assays indicate that the ore is in no sense gold bearing,
and even in the best assay the silver content is no greater than is to be
expected in a galena ore. Whether these veins contain copper and lead
in profitable amounts will depend upon future developments, but the
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economic value of the veins can be determined only by assays of samples
which fairly represent the vein or such portions of the vein as must be
mined and milled. The management of the property is wise in not
having had mill construction precede the underground prospecting.
The erection of a quartz mill is not necessarily indicative of the value
of a mining property.

In the town of Pittston, Kcnnebcc County, Me. plospectmg for
gold veins has been carr 1ed on for many years. A v151t was made to
the property locally termed the ‘“ Pittston gold mine,” which is about

3 miles east of Kennebec River. The development work here is in

~

pegmatitic veins, sheets, and masses in the mica-schist of the region.
At some places in the schist traces of sulphide are seen, but in the
pegmatite there is little evidence of any minerals other than the
quartz, feldspar, and mica commonly found in pegmatite. Gold is
said to have heen found in the quartz, and a quartz mill was evected
several years ago on the shore of Nehumkeag Pond, about 1 mile from
this property, and some of the ore was treated. It does not appear
probable that the work was profitable. For the purpose of having an
assay made by the United States Geological Survey chemists, a sample
was collected from the principal opening in the pegmatite. Acting
upon the advice of the owners in the collection of this sample, the
quartz was selected as far as possible. The sample was thus in reality
a picked sample, yet the assay showed no traces of either gold or silver.
These results, therefore, do not appear to justify further development
of this pegmatite in the hope of its having value as a gold ore.

VERMONT.

In southern Vermont there has heen some interest of late years in
gold mining. One of the localities concerning which much has heen
published in the local pressis in the extreme southern part of the
State, next to the Massachusetts line. This excitement has so far sub-
sided this past year that little comment is necessary. The search for
gold in the town of Readshoro dates back about twenty years, when
the finding of a small nugget of gold led to the location of a vein
reported to be of economic value. A few years ago the interest was
revived and prospecting encouraged by the results of assays which
appear to, have been, to say the least, of doubtful accuracy. Ores
claimed to carry values of $30 to $40 were found to yield less than one-
tenth that amount by assays conducted at a distance by reputable
assayers. The influence of disturbing local conditions was illustrated
by an agsay of a hit of grindstone which is said - to have yielded over
$25 in gold to the ton. It was not thought necessary to visit this
district.

Another district, farther north, which seemed more deserving of
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investigation, was v isited. The towns of Plymouth and Bridgewater,
like Readsboro, are on the eastern slope of the Green Mountain Range.
The ridges 'md foothills of this region are deeply trenched by the
~narrow valleys of the swift mountain streams, and the rocks are well
exposed everywhere. Schistose rocks predominate, which- were
mapped by the earlier Vermont surveys as talcose schist and slate:
Steatite and serpentine, as well as some granular quartz, also occur.

-In the town of Bridgewater gold was discovered over fifty years
ago, and within ten years of this discovery at least two quartz-mills
were built to treat the ore from the quartz veins in the vicinity of
Bridgewater Center.¢ The early work was characterized by extrava-
gant expenditure and the lack of reliable statements. - It can safely
be stated, however, that more money was expended in mill building
than was secured from the ore treated. This kind of work has con-
tinued spasmodically, and even to-day the outlay in development work
~in progress appears out of proportion to the ore in sight.

The veins in Bridgewater have a north-south trend, and 1ppa1ently‘
all belong to one general system which extends across the western
part of the town. The southernmost productive locality is on Otta
Queecha River, immediately west of Bridgewater Corners. On the
Otta Queecha property a small bunch of very rich ore was uncovered
nine years ago, which is reported to have yielded between eight and
nine hundred dollars in gold. Since the discovery of this pocket the
property has produced very little and is not worked at the present
time. This locality was not examined.

‘Next north on this veined zone is the Taggart vein, on whlch work
has been done at various times, beginning with 1859. Ten tons of the
ore crushed and amalgamated are reported at one time to have yielded
374 pennyweights of 21%-carat gold. 'The Taggart vein is Jocated on
the old Thompson farm, 1 mile west of Bridgewater Center. It has
* been opened at several points, chiefly in-the gulch of a small stream.
These openings were visited at the upper exposure in the stream bed
itself, where the quartz vein has a width varying from 8 to 18 inches.
The strike of the vein is 5° to 10° east of north, and it dips to the
east at an angle of about 70°, being apparently pars r1,1101 with the schis-
tosity of the country rock. The quartz of this vein is white and com-
pact, and harren in general appearance except for the small stringers
of galena which it contains. The quartz is well cemented to the wall
rock and there is no evidence of fracturing of the vein. Below the
stream level at this point the vein thickens to nearly 3 feet, and here
the ore was taken out that was reported to yield $32 in gold to the
ton. This opening extended to a depth of 6 feet, but is now filled in.
From a small pile of quartz and galena remaining at the edge of this

aInformation concerning this early work is given b) A. D. Hager, Vermont Gcologlcal Survey,
Final Report, vol. 2, 1861, p. 844. .
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opening a smﬁple ‘was taken which was assayed by Doctor Allen in
the Survey laboratory, with the following result: :

Assay of sample of quartz ﬁ'om Taggart vein, Bridgewater, Vi,

Gold ..ooeeein.. el e celel None.

Silver ..o iiiiiiiiieiaiocioilioiooio...1.27 ounces.
[0 5] 6.19 per cent. -
T N 6.26 per cent.

This indicates a value of over $6, but the sample represents the
richer part of a small ore body. "The absence of gold is. suggestive in
view of the high gold values claimed for this vein. Quartz has been
mined from other parts of the Taggart vein, but it is said that what-
ever value it may have contained was lost in the process of milling.
Four mills were constructed at various times in this vicinity for the
purpose of separating the gold from the quartz.

There is also at this locality what may be a cross vein, with a trend
of N. 50° W., in which galena is reported to have been found, but the
ore was soon cut off by a fault in the wall, so-that this vein can not be
traced very far. The country rock is here full of stringers of quartz,
so that locally it is more of a mica-gneiss than a schist. :

Farther north in the same town is the Shatauguay group of claims.
Little could be learned concerning this property, except that develop-
ment activity at the time of the visit was being confined to mill con-
struction and road making. A well-equipped quartz mill is being
built, but the -openings that will furnish the ore were not shown by
the manager of the property. Two small prospects were examined in
the vicinity, where small amounts of sulphides are found scattered in
the country rock, which here is a soft, white, sand rock, locally termed
“porphyry.” It seems reasonable to consider the Shatauguay veins as
forming the continuation to the north of the same zone as that containing
the Taggart and Otta Queecha veins.

In Plymouth, the next town south of Bridgewater, mining interest
- extends hack over forty-five years. At Plymouth Five Corners a mill
pond was once drained and worked for placer gold. Sluice hoxes and
rockers were used, and the result is variously reported at from $9,000
to $13,000. Some recent prospecting for quartz veins has been done,
and reports of success have been given out. At the locality itself,
however, there is little faith in these reported discoveries. :

Near Tysons Furnace, in the southern part of Plymouth, the Rooks
Mining Company conducted operations about twenty years ago on an
ambitious scale, but apparently with no profit from the mine. This
property is located about 14 miles north of the village, and was visited,
although none of the old openings were in condition to allow examina-
tion. The country rock is schist, but in the accumulation of material
lying on the tunnel dump and around the old buildings no ore was
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seen that showed 'mythmg more thcm mode1 ate unpregnatwn of quartz
with sulphides. -

In southern Vermont the only gold known to have been. mined at
anything like a profit is that found in-the gravel deposits of Plymouth.
Hager reports the largest nuggets found here to have had values of
$14 and $9. To what extent even the Plymouth work was ‘profitable
is doubtful, in view of the inexperience of those who engaged in this
gold washing between 1855 and 1861. The origin of this gold in the
alluvial deposits can not be stated. The presence in this vicinity of
steatite and serpentine probably representing altered basic igneous
rocks is naturally at once noticed in this connection. The possibility
of this derivation for the gold was suggested by Hager in 1861,% and
the statement of a prospector quoted ““that he did not think he ever
washed a dollar’s worth of gold 5 miles east or west of the line of
serpentine and soapstone beds, or $5 worth 1 mile east or west of
them.” In this part of Vermont abandoned stream channels and other
features due to diversion of streams in the past are so common and
apparent as to be readily noticed by the traveler. These changes in
the old drainage complicate somewhat the task of tracing the alluvial
gold back to the rock from which it was derived; but in any search
for gold veins these drainage features must be taken into account.

The essential feature in the question of the occurrence of gold in
Vermont is the economic value of the deposits. No hetter statement
of this can be made for the benefit of the public than that made by E.
Hitchcock,? in 1861: * We trust that too much is known on this
subject at the present day to leave any to indulge in extravagant spec-
ulation, or to make investments without reasoun.”.

aOp. cit., p. 848.
bVermont Geol. Surv., Final Rept., vol. 1, p. 533.



PRELIMINARY REPORT ON THE ORE DEPOSITS OF TONOPAH,
NEVADA,®

By J. E. Spugr.

LOCATION, CLIMATE, AND POPULATION.

Tonopah is situated in Nye (,ounty, Nev.,near the Esmeralda County
line. It lies south of Belmont, and about 60 miles east of Sodaville,
which is on the Carson and Colorado Railroad. The camp is reached
by semidaily stage from the latter point. ’

The climate is arid, with rare rains and occasional snows. The
present water supply is pumped from wells in a water zone some 4
miles north of the town. :

At the present writing the camp has an estimated population of
5,000. It has electric lights, waterworks, two newspapers, and has
attracted enterprising men-from all parts of the country.

DISCOVERY AND DEVELOPMENT.

Tonopah was discovered in 1900 by.J. L. Butler, who was on a pros-
pecting trip. He gave his samples to Mr. T. L. Oddie, of Belmont,
who had them assayed for him. These samples showed values of from
$50 to $500 to the ton. Mr. Butler gave T. L. Oddie, W. Brougher,
and several others interests in the original eight claims which he
located, now the property of the Tonopah Mining Company.

In doing the location work 2 tons of ore was sorted out and shipped
to Selby’s Smelting Company. - This netted about $600, and from that
time-the property has paid for its own development.

In December, 1900, a few leases were let, and in the spring of 1901
over a hundred more. Before the end of 1901 the lessees are said to
have extracted ore to the value of about $4,000,000. In January, 1902,
the leases having expired, the Tonopah Mining Company commenced
development work, in which it is still engaged.

aThe writer has spent about five months in fleld work at Tonopah and four months at Wash-
ington studying material collected at Tonopah. A satisfactory final report on the district calls
for more detailed office study, microscopic examination of thin sections, chemical investigation,
etc., which will now be carried- on, and the completed report issued as soon as possible. Since,
however, there is an urgent call by the mining public for some immediate information concern-
Ing the region, the Director has authorized the writer to issue a preliminary report containing
an outline of the results to date. 89
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Following is a table of the Weigﬁt and value of the ore shipped,
taken from smelter returns:¢

Weight and value of ore shipped to April 1, 1903.

Year. . Weight. Gold. Silver.

) Pounds. Ounces. Ounces.
1901 i 5,067,852 9,780. 95 623,487.83
1902 - - oL 22,886,355 | 27,003.84 | 2,408,946.60
1908 (60 April 1) oo o.o..____.| 8,481,443 | 4,212.96 | 399,186.30
Total ... ...._. B 31,385,650 | '40,997.75 | 3,431,620.73

Total value, $2,662,401.25.0

There are now* on the dump close t0 25,000 tons of ore, of an aver-

-age value of $50 per ton.

Subsequently ledges were cut in a number of different localities,

such as the Montana Tonopah, Mizpah Extension, California Tonopah,

West Erid etc. Some of these are low grade, while some show high
values. All are in the development stage.

Besides the Mizpah the only mine in the Tonopah district ploper,
which has actually made shipments of importance, so far as the
writer is aware, is the Montana Tonopah, where ore was discovered
in depth by prospecting under the later andesite capping after the
discovery and earlier development of the Mizpah vein. The ship-
ments? of the Montana Tonopah to and including July 15 of the
present year (1903) are as follows:

Shipments from the Montana Tonopah mine to July 15, 1903.

Shipment. Pounds. | Total value.

First shipment, May 5: _ ‘ .
First-classore_... ... .. ... ___. 29,128 $6, 596. 39
Second-class ore.. ... ... .. ... ________ 23,331 | = 2,472.76
Second shipment), third-class ore for mill test_____._._____| 21,200 749. 25
I S
15,664 715. 61
Total .o ... 118,342 |  14,915.82

Shipments have been made by both eompa,mes since these data were
collected.

aFor this tabls and the preceding information the writer is indebted to Mr. T. L. Oddie, man-
ager, at Tonopah, of the Tonopah Mining Comp'my

b Estimated by the writer.

cMay, 1903. :

dCourbesy of Mr. C. E. Knox, president Montana Tonopah Mmmg Company.
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The values in the ores are entirely gold and silver. The propor-
tion of gold to silver is usually remarkably uniform, and is the same
in both the oxidized and the sulphide ores, namely: The gold is to
the silver, by weight, as 1:90 or 1:100, making the values about two-
sevenths gold and five-sevenths silver. In some of the excessively

. rich ores the proportion of gold becomes greater, occasionally making
up half of the total value.

TOPOGRAPHY.

That the mountain range in which Tonopah is sitnated is of volcanic
origin is shown by its topography. It consists of a series of eroded -
mesas and detached or commnected hills. These mesas and hills are
irregularly distributed, with no definite valley systems between. They
are separated by patches of sloping or rolling country, largely covered .
with ““wash,” or débris worn from the hills. The mesas are the rem-
nants of volcanic flows; the isolated or connected irregular hills arve
denuded voleanic necks.

An excellent topographic map of the country immediately around
Tonopah, on the scale of 800 feet to an inch, has been made by Mr.
W. J. Peters, of the United States Geological Survey. On this it is
seen that the general elevation of the slight valley-like depression in
which the town of Tonopah lies is about 6,000 feet above sea level,
while the top of Butler Mountain, which is the highest mountam near

-the town, is 7,160 feet.

GENERAL GEOLOGICAL HISTORY.

Pre-Tertiary formations.—In the immediate vicinity of Tonopah the
rocks are all Tertiary volecanics or sedimentary tuffs belonging to the
voleanic period, and composed partly of ash and partly of silt derived
from the erosion of the lavas. Eight or nine miles south of the camp,
however, there is limestone, very likely of Cambrian or Silurian age, and
in this granitic rock is intrusive. Limestones and granites oceur also
several miles north of Tonopah, and at intervals between there and
Belmont. At Belmont the limestone, into which granite is intrusive,
is known to be Silurian.

At Tonopah itself occasional limestone fragments and more abun-
dant fragments of a fine, even-grained pegmatite occur in the volcanic
breccias. They are blocks which were hurled out from the volecanoes
at the time of their eruption. Thus it is shown that at an uncertain
depth below the present surface the ascending lavas bloke through
rocks of this character.

Early andesite eruption.—The oldest rock outeropping in the imme-
diate vicinity of the camp is-a hornblende-andesite, or, rather, was
such, for no fresh portions have been found and the rock has been
altered so as to acquire an aspect in general very different from its
original one. :
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Subsequent to the eruption of this rock fractures were formed in
it, and these became the channels for circulating solutions, probably
ascending hot waters, closely connected with the volcanism. The
waters were remarkable for intensity of action. The rocks which
they traversed have been chemically transformed, the chief process .
being silicification, so that they are now found more or less completely
altered to quartz and sericite (fine muscovite). Along fracture zones
the rock has been replaced almost entirely by quartz carrying silver
and gold, and these constitute the veins by which Tonopah is known.
Some parts of the hornblende-andesite, on the other hand, show
chiefly calcite and chlorite, with pyrite, as alteration products; but
such phases have not yet proved to lie immediately adjacent to
important veins, and, as a rule, do not- seem to be 1nd1(,at1ve of the
proximity of the best class of ore.

Later andesite eruption.—There is evidence that these events were
followed by a considerable period of erosion, long enough to bring the
veins to the surface. Then another eruption of andesite occurred.
This later andesite, which was abundant in amount, differed from
the earlier andesite in containing, as dark minerals, pyroxene and
biotite rather than hornblende, and it also differed in some structural
and textural points. It is probable that this andesite came up through
the hornblende-andesite in places, and also flowed over it, completely
covering it and its contained veins.

Rhyolite and dacite eruptions.—Following probably another period
of erosion and volcanic rest, eruption was vigorously renewed and
there were outbreaks at -many closely adjacent points. The lavas
were rhyolites and siliceous dacites, closely related to one another.
Some vents emitted one, some the other rock. This period of volean-
ism was long and a number of different lava flows of dacite and rhyo-
lite-alternated or mingled. The eruptions were often explosive, as is
shown by the considerable quantity of pumiceous-and fragmental
material in the volcanic breccias of this period.

Lake sediments.—During this volecanic epoch a large fresh-water
lake formed, of unknown, but probably great extent. In it were
deposited white, finely stratified ash and tuff, and some beds are
entirely made up of late Tertiary infusoria. In places the sediments
of this lake, exposed near Tonopah, are several hundred feet thick.

It is probable that this lake was partly filled by sediments and then
drained by an uplift. Near the top of Siebert Mountain (a white tuff
mountain southwest of Mount Brougher) there is what appears to be
a river channel belonging to this post-elevation epoch, containing
rounded watierworn pebbles of rocks such as now outerop to the north
and east of Tonopah, and fragments of silicified wood, showing the
presence of vegetation at that time. This uplift may be ascribed to
volcanism, for it was soon followed by renewed outbursts of lava.

Eruption of basalt and intrusion of later dacites and rhyolites.—
Above the tuffs on Siebert Mountain is a thin sheet of slaggy basaltic
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rock, the first of the upwellings of the next period of volcanic activity.
Soon afterwards great columns of dacite and rhyolite made their way
to the surface. The eruptions from these vents must have been chiefly
explosive, and the products light and scanty and easily swept away, -
for no trace of them has been found in the immediate vicinity of
Tonopah. The voleanic necks, however, have been laid bare by ero-
sion, and on account of their superior hardness to the tuffs and ‘brec-
cias, in which they were intruded, now stand up as low detached
mountains. Brougher Mountain, Butler Mountain, Siebert Mountain,
and Golden Mountain are all dacite necks of this period, while a group
of rhyolite eminences, consisting of Oddie and ‘Ararat mountains and
Rushton Hill, represent necks of very nearly the same period as the
dacite. :

Faulting of the region.—ALl about this period occurred an event of
great scientific and economic interest—the faulting. A considerable
number of important and complicated faults have been found in the
region. Their age, as denoted by their relations to the different for-
mations, seems nearly uniform. All the rocks up to and including
the stratified tuffs have been displaced by the faulting, and on Siebert
Mountain the thin sheet of basaltic rock overlying the tuff has been
faulted with it. But these faults invariably stop at the contact of
the dacite necks, which are not affected, and the same is probably,
though less certainly, true of therhyolite necks above noted. Indeed,
the dacite certainly (and the rhyolite less certainly) has been intruded
as dikes along the faults. '
~ The geological map (P1. I) reveals some important points. It shows

that the area of observed complicated faulting is in general coexten-
sive with the region of late dacite intrusion. This region, which
occupies the southeastern portion of the distriet, is downsunken in
comparison with the unfaulted or little-faulted region on the north-
~ west. Near the dacite necks the observed faults are rather more
numerous than elsewhere, and in many instances it may be estab-
lished that the blocks adjacent to the dacite have been downsunken
in reference to blocks farther away. From these intrusive necks the
faults run in & roughly radiating fashion and seem to follow no regu-
lar system of trend. Detailed study of the contact phenomena of the
dacite shows that the minute faults in the tuffs at these points gener-
ally have their downthrown side next the dacite. From these facts
the following conclusions have been reached.- The faulting was
chiefly initiated by the intrusion of the massive dacite necks (the
rhyolite necks were probably not so bulky). After this intrusion
and subsequent eruption there was a collapse and a sinking at the
various vents. The still liquid lava sank, dragging downward with
it the adjacent blocks of the intruded rock, accentuating the faults,
and causing the described phenomena of downfaulting in the vicinity
of the dacite. This sinking of volcanic centers affer eruption has
been well established by students of volcanism.
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The economic interest in this faulting lies largely in the circum-
stance that the veins in the early andesite have been cut and displaced
thereby.

Recent erosion.—To complete the geological hist‘,ox‘y, we ]mve to con-
ceive of the considerable period of erosion which stripped from the
surface a-great thickness of volcanic material, leaving the resistant
voleanic necks standing out as hills, and laying bare the.present sur-
face. Certain blocks of limited extent-had been raised by the fault-
ing above the level of the rest, and here the surface of erosionreached
the early andesite and uncovered the rich veins contained in it; and
it is the discovery of-these veins which has made the subject of the
geology of the still covered region of such lively interest to miners.
~ Sequence of formations and events.—The following, then, is the
sequence of events as deciphered for the vicinity of Tonopah:

Sequence of formations and events in the vicinity of Tonopah.

Early andesite.
Fracturing. : . : .
Vein formation. (Primary minerals, quartz, valencianite, stephanite, pyrite,

chalcopyrite?) Values good; gold and silver, silver predominant.

Erosion.

Later andesite.

Probable erosion.

Dacite.

Dacite breccia.

Rhyolite breccias, flows, and dikes, intermingled with slightly stratified or inter-

stratified pumiceous or tuffaceous fragmental material.
Vein formation. (Primary minerals, quartz, pyrite.)  Values 1ela.t1vely low;
gold and silver, gold apt to predommate
Erosion.
Tuffs, with an occasional thin rhyohte ﬂOW
Elevation of tuffs.
T1lt111g
Basalt. . .
Chief faulting. (Affects everything preceding.) - ‘
Rhyolite (white) intrusion (probably Ararat, Oddie, Rushton hills).

Vein formation. Primary minerals, quartz, chalcedony, calcite, siderite,
pyrite.) Values low; gold and silver, gold apt to predominate. '
Erosion. ‘ '

Dacite intrusion (Butler, Brougher, Golden, Siebert mountains).
Mineralization (chalcedony, manganese). Values slight “to insignificant.
Mud veins. :
Erosion.
Glassy rhyolite flow (slopes of Oddle and Brougher).

DESCRIPTION OF THE ROCKS OF THE REGION.

Distribution and characteristics of the early andesite.—This was
originally. a hornblende-andesite, containing probably some Dbiotite
and pyroxene. In the immediate vicinity of Tonopah it outcrops
only, so far as observed, on Mizpah Iill and Gold Hill, but it has been
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discovered under younger rocks in a number of different mines, such
as the Montana Tonopah, the North Star, the Ohio Tonopah, the

California Tonapah, the Wandering Boy, the Fraction, and probably
the West"End and MacNamara, the Midway, etc. Nowhere is it in
even an approximately fresh state, but, as before noted, it has altered
largely to calcite and chlorite, and (more commonly in the vicinity of
the veins) to quartz and sericite. In the former condition it has a
fairly deep-green or blue color, while in the latter phases it is lighter
green or blue, and very often nearly white, or assumes, near the sur-
face and along faults or fractures, a pale, yellowish, brownish, or red-
dish color. This common quartz-sericite type has the appearance of
rhyolite rather than of anything else, and does not at all resemble
andesite, while the calcite-chlorite phase has more nearly the rightful
aspect of a highly altered andesite.

. It is difficult always to distinguish this early andesite with certainty
on account of its many different phases. It is most likely to be con-
founded with the later andesite on one hand and with certain types
of rhyolite on the other. The main points of difference will be out-
lined shortly.

Distribution and characteristics of the later andesite.—The later
andesite outcrops over a considerable region in the northern part
of the district. The upper portions, and in some cases the whole, of
the following shafts are in it: Montana Tonopah, North Star, Mid-
. way, Golden. Anchor, Little Tonopah, Boston Tonopah, Halifax, etc.
It varies greatly in state of preservation, being frequently found
nearly fresh, and again highly decomposed. In its fresher phases
it is a dark-colored, hard rock, with large crystals of pyroxene, feld-
spar, and biotite. It has usually been more or less altered, and
as secondary minerals calcite, chlorite, serpentine, etc., have been
formed, giving the rock a dark-green color. TFrequently, also, the
altered rock has a deep-blue color. Near the surface the red of the
oxidized iron combines with these colors to produce a characteristic
rich purple. In'some places the rock has been thoroughly altered to
calcite, chlorite, and pyrite, with other secondary minerals, and again
has been so completely leached as to be soft and white.

" In these highly altered phases the later andesite becomes with great
difficulty distinguishable from the early andesite, and where it is fine
grained the resemblance may become almost exact.

IFor the distinction of the two rocks in general it may be noted that
the early andesite is characteristically finer grained than the later
andesite, and that in the former the feldspar crystals are slimmer and
rectangular, while in the latter they are stouter and often of complex
" shape. Insome of the hornblende-andesite (though not generally) the
long dark crystals of altered hornblende may be distinguished, while
in the later andesite the crystals of biotite are usually plainly visible,
even in the considerably altered phases. The characteristic later
andesite has a coarse, mottled appearance, and even when highly
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altered and bleached it has a dull clayey luster, which is rarely seen
in the early andesite. Rocks which are highly siliceous from altera-
tion are apt to belong to the early rather than the late andesite.

Dristribution and characteristics of the rhyolites.—There have been
several different rhyolite flows and intrusions, some before, some
mainly subsequent to the faultings; and the rocks have a variety of
appearances which defies any description in ecommon. The lava of
Oddie, Rushton, and Ararat hills is a characteristic siliceous white
rhyolite. The Rescue shaft is mainly in this rock, and two long
tunnnels, the North Star and the G. & H., have been driven in it into
Mount Oddie. :

Besides this, however, there is a formation of fine-grained gray or
red, largely glassy rhyolite, which covers a still larger area. A large
. body of it occupies the northern portions of the district, where it is
intrusive, with a sinuous contact, into the later andesite. It continues
from here, along the western edge of the district, to the vicinity of
the Ohio Tonopah, and occupies a considerable part of the basin
inclosed between Butler, Brougher, and Siebert mountains. The for-
mation here oceurs as complicated dikes cutting the dacite-breccia
formation, and as sheets underlying the tuff, or, to a less extent, inter-
calated in the tuff. In the rest of the district it is practically absent.
It is in general between the dacite breccia and the stratified tuff in
point of age, is older than the faults, and .is therefore displaced by
the fault movements. In the northern portion of the.district a num-
ber of shafts are located on or near thecontact of this rhyolite and °
the later andesite. Among these may be mentioned the King To-
nopah, Belle of Tonopah, Miriam, Silvertop, Little Tonopah, ete. In
the western portion the Ohio Tonopah and the New York Tonopah
each encountered a considerable quantity of this rhyolite mixed with
dacite breccia, while the Fraction Extension is entirely in this rock,
after having passed through the overlying tuff.

This finer grained gray or red rhyolite has many different aspects.
Fine brecciation, with bright red, gray, and white colors, is frequent;
in other cases it is dense and characterless. The best test of it is the '
detection of the small quartz erystals that dot the glassy groundmass,
which distinguishes the rock satisfactorily from the andesites. Some-
times, however, these quartz crystals may be rare and small. Near
the contacts of the rhyolite (intrusive into the earlier rocks) there
has also frequently been alteration—silicification, the formation of
pyrite, etc.—and then the rock may become almost identical in
appearance with the early andesite which has been similarly altered.
The best method for distinguishing the rhyolite from andesite in this
case is the tracing of the connection with the less-altered rhyolite ‘
farther away from the contact.

Distribution and characteristics of the dacites.—The bold knob
north of Butler Mountain, known as Heller Butte, is made up of what
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. is regavded as probably the oldest dacite exposed at the surface. It
is a compact, relatively coarse-grained rock, finely brecciated, and
carrying included fragments of older rocks, notably the later andesite.
It is surrounded and probably overlain by the softer dacite-breccia
formation. The Tonopah City shaft after passing through the dacite
breccia has continued in solid Heller dacite to a total depth of over
500 feet. Kast of Butler Mountain, on the edge of the district,
another strip of this dacite is exposed, also surrounded by the dacite
breccia. It is regarded as probably intrusive.

The dacite-breccic formation, on the other hand, is essentially a sur-
face formation, and not intrusive. It consists of flows of often very
pumiceous and friable dacite, dacitic mud flows, and some rudely lay-
ered or even stratified fragmental material. In places it is very thick.
It is exposed over a large fraction of the southern portion of the dis-
trict, around Butler, Brougher, and Siebert mountains. The Ohio
Tonopah and the New York Tonopah shafts passed through consider-
able thicknesses of this formation, and the Fraction No. 3 is entirely
in it. -The Fraction Nos. 1 and 2, and Wandering Boy, and the West
End, passed through this formation at the surface and reached the
underlying formations. -

The later intrusive dacite, which makes up Butler, Brougher, and
Golden mountains and the central portion of Siebert Mountain, has
usually a characteristic appearance. It is darker than the rhyolite of
Mount Oddie, has a slight purplish tinge, and contains more crystals
(of feldspar, quartz, and mica) embedded in the glassy groundmass.
The Big Tono shaft, at the east foot of Mount Brougher, starting at
the outward-pitching contact of this rock and the intruded dacite-
breccia formation, goes down several hundred feet in the former.
The Molly, starting near the dacite contact on Golden Mountain,
passed through several hundred feet of this rock, then through the
inward-pitching contact to a slight thickness of loose material belong-
ing to the dacite-brececia formation, and so into the later andesite.

PERIODS AND NATURE OF MINERALIZATION.

Mineralization subsequent to the early andesite intrusion.—The most
important veins of the Tonopah district, and all those that have been
proved to be of immediate economic importance, occur in the early
andesite, and do not extend into the overlying rocks. Hence, when
the early andesite is not exposed at the surface, the later rocks form
a capping to the veins, and this capping must be passed through
. before anything can be learned of the presence or the nature of the
veins beneath. This circumstance shows pretty plainly that the vein
deposition took place before the eruption of the later andesite, and
immediately after that of the early andesite (for the period of erosion
between the two andesites seems to have exposed the veins at the sur-
face, showing that they were formed before this period, or early in it).

Bull. 225—04——7
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Indeed, there is every evidence that the veins were formed by ascend-
ing hot waters succeeding and connected with the early andesite intru-
sion, and that these waters had apparently become inactive by the
time of the later andesites.

The mineralization at this period was exmamdmanly active, as the
profound alteration of the early andesite testifies. Among the known
veins formed at this period those of the Valley View, Mizpah, and
Montana Tonopah groups are the most important, though certainly
there are others which have not yet been discovered. These veins
carry gold and silver, in the proportion of about 1 part of gold to
100 of silver, by weight. They are unusually free from base metals—-
no lead, arsenic, ete., has been detécted. In some places there is a
very little copper, in others none. The gangue is quartz, with fre-
quently a mineral which is a variety of orthoclase feldspar (valen-
cianite). The sulphide ores, so far as developed, show primary step-
hanite, with probably some polybasite, scant pyrite, and comparatively
‘rare chalcopyrite. Secondary sulphides coating the cracks in these
ores are ruby silver, argentite, and probably pyrite and chalcopyrite.
The oxidized ores show abundant silver chloride, with occasional
bromides, etc., and sometimes free gold.

Mmemhmtwn subsequent to the early rhyolite intrusion.—Along
the borders of the gray or red glassy rhyolite intrusions, especially in
the northern portion of the distriet, there has been, as before noted,
considerz_mble alteration and mineralization, which must be attributed
to a cause similar to that which produced the veins in the early ande-
site—namely, the action of hot ascending waters immmediately sue-
ceeding and genetically connected with the rhyolite intrusion. - This
alteration is in the form of silicification and the formation of pyrite,
and has acted on the rhyolite as much as the intruded rock. Quartz
veins have been formed, in the majority of cases relatively small.
These veins contain precious metals, but usually very irregularly
distributed. IHigh assays, especially on the surface, may even be
obtained, but it is likely that some of these are the result of the well-
known process of increase of values at the surface during oxidation.
Specimens of the veins have a general resemblance to those of veins
of the early andesite, and show pyrite, often finely disseminated in a
quartz gangue. Some of these veins have been found to be of consid-

erable size; therefore it may often be difficult to distinguish them . -

from the andesitic veins without study of the rock in which they lie.
Chemically they appear to be characterized, so far as yet developed,
by very low average values and by the frequent but not regular
preponderance of the gold values over those of silver. ’
Mineralization subsequent to the later rhyolite inirusion.—It has
been described how the white rhyolite of Oddie, Rushton, and Ararat
hills is probably later than the dense, usually gray rhyolites referred
to above. For example, the top of Araratseems to be a plug or neck
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of white rhyolite forced up into the earlier gray rhyolite. This later
white rhyolite shows near its econtacts, and to a less extent away from
these, in itself or in the intruded rock, veins which are ascribed to
causes similar to those which probably brought about the preced-
ing mineralizations—namely, ascending heated waters following the
lava intrusion, genetically connected with it, and, like the previous
similar processes, dying out after the lapse of some time. These
veins, which are in places very large, are of calcite, siderite or fer-
riferous caleite, chalcedony, ete. They contain some pyrite and some-
times give low values in the precious metals, gold preponderating.
Mineralization phenomena may also be observed in some places near
the contact of the Oddie Mountain rhyolite, where there is silicifica-
tion and the formation of pyrite, with quartz veins of various sizes,
.sometimes containing calcite. These veins are generally small, but
may be large. Galenaand chalcopyrite have been exceptionally found
in them. They carry low values in gold and silver, the gold being
apt to predominate. o
Mineralization subsequent to the dacite intrusions.—Finally, the
contacts of the large dacite necks (Butler, Golden, and other moun-
tains) are accompanied in many places by the deposition of chalce-
dony, manganese, etc., in cracks and crevices. These are not usually
in veins, or when so are small and irregular. Considerable valuesin
the precious metals have been claimed in some cases, but it is the
writer’s experience that the content of these metals is insignificant.
Résumé.—To sum up, no fewer than four periods of hot-spring
action, accompanied by more or less vein formation and mineraliza-
tion, have been noted at Tonopah. Each of these periods was conse-
quent upon a lava intrusion, and the mineralization was the result of
a process which is known to accompany and follow voleanic eruption
at the present day. In general, the values found in the veins of these
different periods increase with increasing age. Also, the general phe-
nomena indicate that the younger veins were formed nearer the sur-
face than the older ones. Although ascending hot waters are not
known to deposit more than traces of metals at the surface, it is sup-
posed that an important precipitation takes place at some depth; soin
the case of Tonopah it may be that the later periods of mineralization
“have produced some rich ores, but that erosion has not yet had time
to expose the level at which they lie, whereas in the case of the oldest
period this has been accomplished. - At Gold Mountain, about 4 miles
south of Tonopah, veins belonging to the rhyolitic period and having
the same characteristics as some of these veins at Tonopah contain
considerable values in gold and silver, while at Tonopah no such
values have been discovered in this class of veins. 4
At Tonopah, therefore, the earliest and most important class of
veins can be found only in the earlier andesite. The rhyolite veins,
on the other hand, may oceur. in the rhyolites, as in any of the older
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‘rocks; indeed, they must also occur sometimes in the early andesite
itself. The mere fact of a vein lying in the early andesite, therefore,
is not always evidence that it belongs to the early andesite period.
In some such cases it may be eéxtremely difficult, if not impossible, to
tell to which period it belongs..

The later andesite is in many cases thoroughly decomposed and
altered, and there has been extensive formation of pyrite, calcite,
ete., in it, especially in the regions where the richest veins have been
found. The nature of this alteration is such as to indicate copious
percolating Watels as the agents, and to snggest that the waters may
have been heated. It is quite possible
that some of the small sulphide-bearing
veins, which are frequently found in the
later andesite, may have been formed
contemporaneously with this alteration.
These veins are nonpersistent, and the
values contained are small. Physically
they resemble the rhyolitic veins, and as
they have been noted chiefly in the gen-
eral vicinity of rhyolite, which is intru-
sive into the later andesite, they have

“been classed with the undoubtedly rhyo-
litic veins. It is possible, however, that
a mioderate mineralization, similar in
quantity to that which succeeded the
rhyolite eruptions, followed that of the
later andesite.

VEIN GROUPS OF THE EARLY ANDES-
ITE MINERALIZATION.

The only productive veins thus far dis-
0 % 80 FEET covered in the Tonopah district proper
F16.2 —Horizontal plan of portion ot € those of the early andesite period.
Mizpah vein,as developedonthe2)- On account of the later volecanic rocks
g’;:ful;l‘l’:i Sl‘lfzfuh mine, east of tho  \ 1ich cover the early andesite in most
of the district, these productive veins
outerop only in a very $mall area, outside of which little is known as
yot. It is probable, however, as indicated by the great amount of
alteration in the early andesite, that thé vein. formation has been
extensive, and that the veins at present known are only a small por-
tion of those that will eventually be developed.
The veins already discovered -all belong to the type of ‘linked
-veins.” .Their physical characteristic is that they branch and reunite
" in both a horizontal and a vertical direction (fig. 2). There is gen-
erally in each group a main or master vein from which the smaller
veins branch. These smaller veins again may subdivide and so finally

SCALE
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di(, out. The main vein and its bra,nches may together be termed a
““yein group.”

Veins probably of the early andesite period have been discovered
in various mines outside of Mizpah Hill, where the first discoveries
were made. Among these later developments may be mentioned the
California Tonopah, the MacNamara, the. West End, the Ohio Tono-
-pah, and other workings. But it is only the veins on Mizpah Hill
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Fi1G. 3.—Map showiug outcropping veins at Tonopah.

that have been sufficiently developed to give information concerning
the vein system. On Mizpah Hill there may be recognized at present
three main groups of veins—the Valley View group, the Mizpah group,
and the Montana Tonopah group. These are all strong and distinet
(fig. 3). ‘ ‘

The Mizpah group lies in the center, between the other two, and was
the first discovered. The trunk vein of the group is called the ‘¢ Miz-
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pah” vein, and crosses Mizpah 1Iill in an east-west direction, showing
a strong outerop. This outerop is cut off both to the east and to the
west by heavy faults, so that it is adjoined on the east by the rhyolite
of Oddie Mountain and on the west by the later andesite. From the
Mizpah vein a succession of branches depart, running chiefly in a
southwestern direction from the eastern end of the outcrop, and each
successive branch diverges more than its predecessor from the strike
of the main vein, so that the whole group is like a section of the
spokes of a wheel, the spokes uniting some distance east of the main
shaft. The chief of these branches are known as the Burro No. 1,
No. 2, No. 3, ete. - They are strongest near the main vein, and those
which diverge most from the strike of the latter are weaker than those
which are more nearly parallel to it. The intersections of the branches
with the main vein and with one another usually pitch to the east at
a moderate angle. These easterly pitching intersections are signifi-

cant, since they have the same general c-urse as cerfain shoots of
especially rich ore in the same vein, and correspond also in direction
to some post-mineral fracturing and faulting. The main vein has in
general a steep northerly dip, which is locally overturned so as to d1p
steeply to the south.

The Valley View mine shows a group of veins of the same frene1a1
type as the Mizpah, but with minor differences. The main Valley
View vein as exposed in the workings has, like the Mizpah vein,
a northerly dip, but is very much flatter. It is very large, and the
rich ore in it is unequally distributed, occurring in shoots or bunches.
As the large vein approaches the surface it splits into several some-
what smaller veins, which assume a nearly, or quite, vertical posi-
tion. This vein group is in general very nearly parallel to the Miz-
pah group; the linked character, forking and reuniting, is quite as
well marked as in the Mizpah group; and there is some radiation in
the strike of the veins, although not so much as in the former case.
The Valley View veins are affected by post-mmelal faulting, like the
Mizpah vein.

The Montana Tonopah group shows a strong main vein running
east and west and dipping north at a moderate angle. A number of
lesser veins have been cut in the workings, and although development
at the time of the writer’s examination was comparatively slight, it is
probable that most of these veins will eventually unite with one
another or with the trunk vein. The indications are that the branches
lie mostly on the north side of the trunk vein and diverge in trend
from it, opening out to the east. These branches as a rule dip more
steeply than the main vein, and will, therefore, also tend to unite
with it vertically. The Montana Tonopah veins are, like the others,
displaced by considerable post-mineral faulting.
~ In all these veins the union of two branches to form one is _generally

attended by corresponding enrichment, and, conversely, the place

’
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where a small branch vein leaves the main one is generally impover-
ished, often to'a much greater degree than the size of the branch vein
would seem to warrant, "The recognition of this fact by the miners
has led to the use of the highly descriptive term ‘‘ vein robbers,” for .
these small branches.

From the above it will be seen that the chief developed Tonopah
veins have a decided east-west trend. Trom the fact that there is a
predominant north-south trend in some of the chief veins of Cali-
fornia and the western part of Nevada, east-west veins have been
looked upon with some prejudice in Tonopah, many miners being
inclined to doubt the value of the veins on account of their strike, .
and others forming the theory that they were simply the offshoot of a
great undiscovered north-south vein which would prove to be vastly -
richer than these; but the Tonopah field is in an entirely different
region, geologically, from California, and this objection seems to the
writer to have little weight. In Idaho, where the geological condi-
tions are perhaps more like those of Nevada than they are in Cali-
fornia, the usnal trend of the veins is east and west.

Minor veins run northwest and northeast and even north and south,
but so far as yet observed the east-west veins are the chief ones, and
it seems likely that the mineralization will be extensive in an east-
west belt rather than in a north-south one.

OCCURRENCE OF .ORES IN THE VEINS.

Physical character.—The veins of the Tonopah district are usually
strong, straight, and well defined, yet they are not fissure veins. They

have at first sight all the appearance of fissure veins, but a little close -

examination shows that they have been formed almost entirely by
replacement of the andesite in which they occur. They seem to have
originated along zones of especially strong fracturing in the andesite,
formed during a period of movement subsequent to the consolidation
of this rock. These zones of maximum fracturing, which are usually
4 to 6 feet wide, but may be much wider or narrower, became the chief
channels of circulation for the mineralizing waters. It has already
been stated, in describing the alteration of the early andesite, that the
andesite near the veins has been silicified to a very great extent, and
the veins themselves seem to be the final stage of alteration, the ande-
site being mostly or entirely altered to quartz. A slight detailed study
of the veins gives abundant proof of this origin, for all stages in the
development can be seen in different portions. In many cases the
vein consists simply of a zone of more or less altered andesite, not
essentially different, except perhaps for a somewhat greater silicifica-
tion, from the andesite which forms the walls. This zone is cut by
parallel fractures having the-same strike and dip as the walls, and the
walls themselves are nothing more than stronger fractures of the same
kind. In the mnext stage, where part of this fracture zone becomes
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altered to quartz, the main wall fractures have been the most favor-
able, so that sometimes a hanging-wall streak of quartz and a foot-
wall streak are found with only altered andesite between (fig. 4).
Sometimes, also, either the hanging-wall or the foot-wall streak may
be wanting. Next, streaks of quartz parallel with the walls may be
found, or the quartz may form a network in the andesite. Thus the
process may be traced to the stage where the whole of the andesite is
replaced by quartz, forming & solid vein several feet in width. Asa

=
]
E Vein zone 5 feet
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FiG, 4,—Detailed vertical section of one of minor Valley View veins at surface.

rule, however, there is more or less decomposed andesite forming part
of the vein. .

As exceptions there are found streaks of quartz, usually small, "
within the vein, which show crustification and comb structure, and
thus bear evidence of having been formed in cavities. These cavi-
ties, however, were of irregular shape and were not fissures, properly
speaking, but spaces of dissolution, and were the effect of the miner-
alizing waters themselves.

" The largest example of a crustified vein is found in certain parts of
the Montana Tonopah workings, where the cavities were sometimes 2
or 3 feet in diameter and gave rise to well-banded ores.
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In the Montana Tonopah ‘the chief vein shows in places a hreccia-
tion and subsequent cementation. Both the original material and
the subsequent cement are of quartz and rich black silver oves, and
seem to have been deposited under about the same conditions. -~ The
~inference is that the strain which originally produced the fracture
zones kept on during their cementation by the civeulating mineral-
izing waters, and that in this case this strain resulted in the local
shattering of the cement and the subsequent healing by similar
materials. '

Primary ores.—At the time of the writer’s first investigation of
Tonopah, in the autumn of 1902, only the oxidized ores of the upper
levels of the Mizpah were available for examination. From a micro-
scopic study of these he found that the original metallic mineral was
still present in minute grains. It was black in color, and he supposed
it to be a rich silver sulphide. Subsequent to this investigation the
primary sulphide ores were found in the Montana Tonopah mine, and
the correctnes: of the forecast above mentioned was shown. In the
Montana Tonopah the ores are quartz veins carrying in places very
large amounts of the rich black antimonial sulphide of silver, steph-'
anite. This stephanite is undoubtedly primary. Besides the quartz,
as gangue mineral, there is another having a milky appearance,
but otherwise looking much like the quartz. This is a variety of
orthoclase (valencianite). Some of the stephanite may contain some
copper, making it a kind of polybasite. Chalcopyrite is very com-
monly present and is probably, in part at least, primary, although
this is not certain. .

Secondary sulphides.—Throughout the Tonopah district argentite
and ruby silver occur in greater or less abundance, sometimes adding
considerably to the value of ores, but they do not occur in such quan-
tities as the stephanite ores or the oxidized products. Wherever
found the argentite and the ruby silver are unquestionably secondary,
having formed from the alteration of the stephanite. They occur
-along cracks in the primary sulphide ore and are occasionally found in
the oxidized er semioxidized ore. The chaleopyrite above mentioned,
as observed in the Montana Tonopah ore, seems to occur chiefly as
small streaks cutting the original stephanite ore, giving it the appeax-
ance of being secondary to the latter. In some cases it ooccurs along
cracks and is undoubtedly secondary. It is very likely that some at
least of this mineral has been formed from the copper contained in
the cupriferous silver sulphide. Some pyrite is also undoubtedly
secondary. Ppyrite, however, is relatively rare in these ores—much
more so than in the country roek.

Oxidized ores.—In the Mizpah vein the oxidized zone extends nearly
down to the 700-foot level. Observation shows, however, that the
limit of oxidation is extremelyirregular. For example, the oxidation
extends much deeper along the vein than some distance away from it
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in the country rock. At 400 feet from the surface the Valley View
veins show oxidized ore, while 100 feet higher the country rock away
from the veins is unoxidized. In the Stone Cabin shaft the change
from the oxidized to the unoxidized andesite came just below the 200-
foot level, but at 400 feet the ore is partly oxidized. The reason for
this appears to be that the quartz veins, on account of their brittle-
ness, have been more readily fractured by strains than has the softer
country rock, and so the veins afford channels for oxidizing waters
coming from the surface. Strong fractures, such as those in the
vicinity of faults, have the same effect as the open fractures in veins
and carry down the oxidizing influences to a depth of several hundred
feet. Where the rocks are protected above by relatively impervious
formations the oxidation may be comparatively slight. Thus, in the
Silvertop workings (near the Stone Cabin) the later andesite is unoxi-
dized at a depth of 120 feet. Here it is protected at the surface by a
deposit of fine-grained, stratified tuff. C

In the oxidized zone of the veins the sulphides are mostly entirely
altered or can be made out only with a microscope, yet in many cases
‘the alteration is not complete and the purple color of the richer quartz
is as a rule due to these finely disseminated sulphides. Most of the
sulphides, however, are altered to silver chloride, with some bromides
and iodides, and to iron oxide. Nearly all of the ore in the Mizpah
vein, down to the lowest depths explored, is oxidized, while the ores
of the Montana Tonopah are only slightly and exceptionally oxidized.
In the latter case the veins and the inclosing early andesite have been
protected from the atmosphere by several hundred feet of decomposed,
soft, later andesite, whereas in the former case the veins outcrop at
the surface and oxidizing waters sink readily into them.

In the procéss of oxidation and alteration of the metallic minerals
there has probably been some transfer of ‘material. Little is known
of the primary or unoxidized veins, but some portions seem almost
" entirely barren and some very rich. It will probably be found that
these rich portions form definite shoots or masses of ore in the rela-
tively barren veins. In the oxidized ores the values are by no means
uniform, but seem rather better distributed thanin the deeper regions.
The indications are that during oxidation some of the values have
been distributed from the richer portions through the more barren
portions, producing a larger supply of fair quality ore. It is also
likely that during this process there has been some concentration of
values, so that the oxidized ores as a whole may be found to be some-
what richer than the sulphide ores. It is possible, for example, that
those portions of the veins which have been eroded furnished during
the process of erosion a small share of their precious metals to the
underlying portions of the vein, these underlying portions now hav-
ing become the present oxidized zone.

It also seems probable that in places some relatively slight trans-

fer and redeposition of the precious metals has. taken place along

B
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the fault planes, which are later than the original veins and have dis-
placed them. This action, however, is only exceptionally the case,
and as a whole is insignificant. The main ore shoots of the oxidized
portion of the Mizpah mine-are regarded as primary, since evidence
has been found that these coincide with the original ones and have
been oxidized mnearly in place; therefore it is improbable that the
transfer of material during oxidation, bringing about local conecen-
tration or impoverishment, has been very great.

Ore shoots.—In the oxidized portion of the Mizpah vein the 1'1(,1161'
ores lie in roughly defined, broad shoots, which pitch east on the vein.
At least three of these shoots, parallel to one another and with poorer
ore between, have been recognized. In the unoxidized ores of the
Montana Tonopah there is evidence of the existence of similar shoots
or bunches, but enough exploration work has not been done to cnable
the writer to describe them more closely. ' ”

APPLICATION OF GEOLOGICAL PRINCIPLES.

From the short description of the occurrence of the veins which has
been given, it is seen that it is of the first and highest importance to
distinguish and determine, so far as possible, the position of the early
andesite. As has been noted, this early andesite is likely to be con-
founded with the later andesite and with some forms of altered and
silicified rhyolite, especially that gray, glassy rhyolite which occupies
a considerable area in the northern corner of the district. - As'is seen
on the accompanying map, the actual area where the early andesite
outcrops is very limited, and in other portions of the distriet it is
covered by later rocks or is cut through and displaced by them.
These later cappings may. consist of the biotite-andesite, the various
rhyolites and dacites, the voleanic breceias, or the stratified tuff for-
mation; or they may consist of two or more of these, superimposed
one on the other. Those later rocks which are intrusive rather than

in the form of flows (including some of the siliceous rhyolites, some

of the dacites, and probably even some of the later andesites) ean not
be expected, however, to give way to the early andesite in depth. A
shaft sunk in a dike or volcanic neck is very apt to continue in this
same rock indefinitely downward (see fig. 5).

Of the different rocks which cap the early andesite and the included
veins, the oldest, the later andesite, is regarded as the most favor-
able for prospecting; and, in the light of present knowledge, a belt of
this rock lying east and west of Mizpah Hill is probably especially
favorable. On the other hand, although the veins indicate a general
east-west trend of mineralization, it is by no means proved that the
outecrops on Mizpah Hill oceupy the center of the mineralized belt and
show the greatest mineralization. It may eventually be proved that
the strongest portion of this belt lies north or south of the locality
known at present, which would make the whole width of the belt con-



108 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1903,  (purL 22,

siderable. The whole later andesite region is worthy of careful
yet cautious prospecting. The localities where the later andesite is
intruded by the rhyolite ought, as a rule, to be avoided in this pros-
pecting, for such places are not so favorable as those where the ande-
site is undisturbed. Such places, however, are likely to be pre-
ferred by many mining men, since they are apt to show some of the
smaller and poorer veins of the later rhyolitic mineralization. Again,
the region of faults should be avoided, for these faults have affected
the ore-bearing veins, and if veins ave found near them they are diffi- -
cult, and sometimes almost impossible, to follow. The rocks along
fault zones are often decomposed and the decomposed material may
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Frq. 5v.——Ideal cross section of Tonopah rocks. (This section does not represent any particular
place, and is simply intended to illustrate the geological conditions, as described in the text.)
have the appearance of what is known as * vein matter.” From this

. material real or fictitious assays may be obtained, and such a locality
may appear to the miner as more hopeful than less altered rock which
does not look like a vein and does not show any assays. Some of the
principal faults are shown on the accompanying map, but certainly
not all of them have been detected, and underground developments
will probably reveal many more.

Concerning the dacites and rhyolites of the later intrusions, the
voleanic necks and the dikes should, as a rule, be avoided by pros-
pecting operations. The greater parts of the principal low mountains
and hills in the vicinity, such as Butler, Breugher, Siebert, most of
Golden, ete., are regarded as offering very little hope for prospecting,
and even near the rhyolite hills, like Rushton, Oddie, and Ararat,
there has been a displacement of. the veins, for the hills are essen-
tially intrusive. The writer is aware that the proximity of the rich
veins of Mizpah Hill to Oddie Mountain has caused this mountain to be
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regarded with great favor, but the fact that the veins are in this posi-
tion has no connection with the mountain; they are there rather in
spite of the mountain than by virtue of it, and it would certainly have
been miich better for mining operations if the rhyolite had not been
erupted and the mountain formed.

Most of the dacite breccias and some of the brecciated rhyolite are
in the nature of flows, and may be sunk through by shafts to lower
formations, such as the later andesite or the early andesite. Much of
the fine-grained, brecciated rhyolite, however, is intrusive, so that, as -
a rule, this rock also is not a good place to sink, except with caution.

The tuff formation, of course, is always sedimentary and-can be sunk
through to reach the underlying formation, which may be any one of
the older rocks. - . '

To sum up, then, the later andesite is the most favorable of the
capping rocks; the pumiceous dacite breccia with interstratified,
coarse, tuffaceous rocks is next, while the brecciated rhyolite should
be prospected very cautiously to see whether it is intrnsive. The tuff:
may be pierced to discover the underlying rock where the geological
relations do not make this plain, while intrusive dacite and rhyolite
necks should be approached very cautiously indeed.

It must be understood that these characterizations apply only to the
immediate vicinity of Tonopah, or the Tonopah district proper. On
account of the sudden rise and fame of the camp the name Tonopah
has spread far beyond its limits, and has been applied to mines lying
in quite other districts, sometimes 50 or 60 miles away. Here, and
also in neighboring districts which have not borrowed the name Tono-
pah, the geological conditions are different. In the Gold Mountain
district, for example, about 4 miles south of Tonopah, the veins lie
in rhyolites and tuffs and evidently belong to the rhyolitic period; yet
they carry in some cases considerable values in gold and silver.

The position of the early andesite away from the outcrops can be
foretold to only a limited and uncertain extent, for in dealing with a
complex of voleanic flows and dikes like that in Tonopah there is no
rule which governs their distribution and by which their position in
an unknown locality can always be defined with certainty. There-
fore, the prospecting should be done cautiously and the district should
be developed from the known region as a center; thus little by little
a greater knowledge of the geological detail will be gained. On
account of the lack of certainty of results in this work, in many
cases it would probably be more economical, both of time and of
money, to explore with a diamond drill rather than with shafts.
Certainly the sinking of a two- or three-compartment shaft in an
unproved portion of the district is often unwise.

The early andesite once located, the question of finding the \feins
remains, and after that the question of finding pay ore within the
veins. The geological evidence goes to show that the mineralizing
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waters which produced the early andesite veins were unusually active,
and a large amount of vein formation is indicated. It is beyond
question, therefore, that the veins thus far found are only a fraction
of those which exist in the vicinity. These veins will be -chiefly
unoxidized, since they are protected from oxidation by eapping rocks.
In them undoubtedly large portions—probably much the larger por-
tions—will be relatively barren quartz, in which shoots, chimneys, or
irregular bunches of rich ore may be expected to a considerable depth.

These quartz veins, carrying silver and gold and occurring in Ter- -
tiary andesite, belong to a larger group of veins occurring in similar
andesite and found along a north-south zone. These veins are exem-
plified by the Comstock in Nevada and by the important district of
Pachuca in Mexico. Probably Pachueca is the nearest analogue, and
its description, as given by the Mexican geologist, Ordofiez, may be
of value in considering the characters of the Tonopah veins. Judging
from these districts it is possible that in depth a rather larger propor-
tion of the baser metals, such as copper, and possibly lead and zine
(although no traces of the last two have as yet been found in the
veins), may come in, and that the values in gold and silver may
decrease somewhat. This, however, if it happens, should do so at a
considerable depth.



ORE DEPOSITS OF SILVER PEAK QUADRANGLE, NEVADA.
ByJ. B SI’UI.{R

INTRODUCTION.

Description.—The Silver Peak quadrangle is mostly in southwestern
Nevada, adjacent to the California boundary; one corner of it lies in
California. There are no railway or telegraph stations within the
quadrangle; the nearest is at Candelaria, about 40 miles to the north
of the old mining camp of Silver Peak.

The area includes the Silver Peak Range and the valley wh1ch lies
east of it, together with some portions of outlying mountains, such as
the Palmetto Mountains in the southern portion of the quadrangle and
Lone Mountain in the northeast portion.

The climate, vegetation, water supply, and other conditions are
those typical of the Great Basin region, in which the quadrangle lies.
There is no permanent standing or running water of any importance,
and for water supply the occasional springs have to.be depended on.
The valleys and lower mountain slopes are covered by sagebrush only,
while on the upper slopes are nut pine (pifion) and other small trees
or shrubs. ' . .

There are at present only a few hundred people within the quad-
rangle, and the occupations of all of these are -connected with. the
mining industry. Although there is no very great amount of actual:
mining going: on, some prospecting is being done. The region has
been considerably mineralized. It is constantly attracting outside
attention, and it is very possible that it may become the seat of a
profitable mining industry if the conditions and cost of production can
be so adjusted that a balance can be reckoned upon in favor of the
mine operator.

GEOLOGY.

The general geology of the region has been examined for the Survey
by Mr. H. W. Turner, whose report has not yet been published. His
work shows that the chief rocks are Paleozoic limestones, granitic
rocks of pre-Tertiary age (granites, diorites, etc.), with abundant Ter-
tiary sediments, and Tertiary lavas, such as rhyolites, andesites, and
basalts. As is the case in all this desert region, the Pleistocene wash
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from the mountains, which floors the valleys and fringes the mountains,
forms a conspicuous geological feature.

Ore deposits.—Ore deposits are known to exist in several different
parts of the Silver Peak quadrangle. The chief districts are the Sil-
ver Peak district proper, near its central part, occupying the mountain
spur known as Mineral Ridge, west of the camp of Silver Peak; the
Lone Mountain district, in the northwestern corner, most but not all
of which is within the quadrangle; the Windypah or Fesler district
in the southern part of the Silver Peak Range; and what may be
called the Palmetto district, on the northern slope of the mountains
of that name. Notall of the Palmetto district is within the quadrangle.

All of these districts, and indeed all the ore deposits known, oceur
in close connection with large intrusive bodies of pre-Tertiary granitic -
rock. The ore bodies sometimes occur within the granitic rock, but
more usually in the Paleozoic (Cambrian and Silurian) hmestoncs into
which it is intrusive, within a bread belt following the intrusive con-
tact. They do not occur in the Tertiary rocks.

SILVER PEAK DISTRICT.

The Silver Peak district, which is the oldest and the most important,
contains abandoned silver mines and gold mines which have been con-
siderably worked but are still regarded as promising. The silver pros-
pects were discovered in 1864, but were shortly left idle, and in
1867 they were opened up again and worked till 1869. It is currently
reported that the profits were very small. A 10-stamp mill was
finished in 1866. A lixiviation process was used, the ores being

leached with salt. They have not been worked since.

The principal properties thus far developed, both silver and gold,
belong to Mr. D. C. Blair, of New York, A 30-stamp mill for working
the gold ores of the Blair mine was finished at Silver Peak in 1867,
‘and was worked for two years. The mine was then idle till the early -
eighties, when it was leased for two or three years. Another long
period of idleness ensued, and in 1893 another lease was given for one
year. Immediately after this the mine became involved in litigation,
which has only very recently been settled. Mining and milling in a
small and intermittent way, meanwhile, has been conducted on a num-
ber of the veins, generally of minor 1mp01tancc, outside of the Blair
properties.

It is estimated by persons who have been familiar with the history
of the mining here that the silver mines have produced a gross value
of $200,000, most of which came from the Pocatello and the Van-
derbilt, while the Blair gold mine is est1m4ted to have produced
$1,080,000.

From the important Mary mine, situated near the Blair gold proper-
ties, Mr. John Chiatovich, the owner, has taken out and milled ore
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worth $46,000; other mines have yielded $7,000 or $8,000." The Val-
“calde Brothers have also taken out and milled several thousand dollars’
worth of ore from properties controlled by them.

The Drinkwater group of mines, which is the most important part
of the Blair gold properties, and which has produced practically all
of the million dollars’ worth of ore, as above stated, may be taken
as typical of the gold veins which, though widespread and numerous,
show a wonderful similarity of character. On the surface two adjacent
veins outcrop, the Crowning Glory and the Drinkwater, the former
the larger, the latter containing the greater quantity of good ore.
The quality of the ore still left standing (only the richer portions
having been removed for milling) has been more or less carefully
determined a number of times. An exhaustive and careful sampling by
Mr. George M. Maynard, of New York, gave the average assay value
of the measurable reserves of the underlying Crowning Glory vein at
$5 for a tonnage of 107,370, making a total value of $537,550. For
the measurable reserves of the Drinkwater vein the average value was
$9.18 for a tonnage of 4,558, and a total value of $42,118; making
$579,668 for the measurable reserves of both mines. - Mr. Maynard
estimated the probable reserves of the mine at nearly as much,
making a total value of measurable and probable reserves of approxi-
mately a million dollars.® Since Mr. Maynard’s examination, several
years ago, a considerable amount of new development work has been
done which increases markedly both the measurable and the probable
reserves. v :

Greologically, the veins of the Blair mines are interesting. Properly
speaking, they are hardly veins, but flattened lenses of quartz occur-
ring in a definite zone 100 feet or more in thickness. The lenses
wedge out and disappear both horizontally and vertically, and their
place is taken by overlapping lenses. The wall rock is a schist, de-
rived chiefly from the metamorphism of an original limy shale or lime-
stone. Frequently, also, the wall rock is a very siliceous granitic rock
(alaskite) made up essentially of quartz and feldspar. This alaskite
occurs in the schist in lenses similar to the quartz. There is, moreover,
every transition between the alaskite and the quartz, and the schist
has been, so to speak, saturated with this siliceous material, which forms
seams and tiny lenses in it. The auriferous quartz lenses in the mine
in many places run laterally into quartz-feldspar rock (alaskite). As
a rule the values grow insignificant with the coming in of the feldspar,
but occasionally high values may still be found.

The general conclusion is that here a series of fissile shales and
thin-bedded limestones has been invaded by a very siliceous granitic
intrusion which has metamorphosed the sediments to schists. The
quartz has plainly the same origin and nature as the alaskite, hoth

_«Communicated by Mr. Maynard.

Bull. 225—04—8
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being siliceous phases of a granitic magma. The gold in the quartz
is usually free, sometimes associated with scattered galena. Green-
stone or diorite dikes cut the veins or follow along them, but are of
later age. Along the dikes there has been water circulation, resulting
sometimes in impoverishment, sometimes in relative concentration, of
the original values.

This zone of veins outcrops for a mile along the mountain side. At
one point, some distance below the vein zone, free gold in fresh alasklte-
pegmatite country rock was found.

In the main the other gold mines or prospects of the district have
exactly the same geological relations. '

LONE MOUNTAIN DISTRICT.

The ore deposits of this region are situated within a moderate dis--
tance of two masses of intrusive granitic rock, one of which makes
up Lone Mountain Peak proper, while the other lies in the lower
mountains to the south. The properties visited by the writer include
the Paymaster, Esperanza, Utopia, and Alpine, the Weepah district,
and numerous other mines and prospects. The first three mentioned
all belong in the same class, being small, nonpe1s1stent quartz veins
in Cambrian limestone and slate These veins are generally, but not
always, parallel with the stratification. They follow crushed zones or
selvages formed by movement in the limestones, possibly attendant
" upon faulting. The ore in the veins consists of small amounts of rich
silver-copper sulphides, with some galena, pyrite, and secondary
minerals such as chrysocolla, limonite, and probably chloro-bromides
of silver.

The Alpine mine is situated near the contact of the Lone Mountain
granite with a series of metamorphic marbles and some interbedded
‘schists. In the marbles are seams of ore parallel with the stratifica-
tion. Small quartz seams containing galena are low-grade silver ores.
These lead into bodies of mixed galena and argentiferous lead car-
bonate, which widen out into irregular pockets and constitute the ore
that is mined. The ore bodies follow a certain horizon around a hill,
with lesser seams above and below. Diorite sheets and crosscutting
dikes ave frequent but are not in any way associated with the ore.

The area of intrusive granite above noted as lying south of the Lone
Mountain granite is marked by considerable contact metamorphism in
the limestone and shale into which it is intrusive. On its eastern side
this contact metamorphism has been accompanied by some mineral
deposition. There was here noted, interstratified with schistose slates
and crystalline limestones, a metamorphosed belt about 60 feet wide
and traceable for a long distance. This zone is characterized by
epidote, garnet, chalcopyrite, calcite, magnetite, specular iron, pyrite,
and galena, with certain secondary minerals—chrysocolla, limonite,
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and others. Some of the material gives fair assdys for silver, some
shows gold, and some it is claimed contains a considerable quantity
of tin, although this subject has not yet been investigated by the
writer. Some silver ore from this zone was milled at Columbus
twenty-five years ago.

Weepah is situated at the contact of the granitic mass last men-
tioned, on its south side. It was discovered in the early part of 1902
by an Indian, and was located by a rancher named James Darrough.
The find caused some excitement, and at one time about 200 people
were there. It was bonded to a company for examination, but was
not further developed, and was deserted at the time of the writer’s
visit. The openings are very slight, consisting chiefly of a few pits
showing bluish quartz mixed with limestone. Irom these were taken
- a few tons of ore showing high values in gold with some silver, but
the ore bodies could not be followed.

DISTRICT. NEAR DYERS.

On the west side of the Silver Peak Range near Fish Lake Valley
and 1 mile east of Dyers is a mineral district where some prospecting
has been done, although at present it is deserted. In 1885 to 1887
this district was located and was the scene of a short-lived excitement,
but was afterwards abandoned. Following the Tonopah discovery it
was relocated, but no new work was done. One of the mines was re-
located under the name of the West Tonopah, which is surprising,
considering that it is about 50 miles from Tonopah as the crow flies.
Nearly all the ores here are bedding-plane deposits, of the same type
as many of those near Lone Mountain. They occur in the Silurian
hmestone, within a moderate distance of a small body of intru-
sive granite. Along the stratification occur bunches of quartz, which
are discontinuous both in horizontal and vertical extent, fading out
to absolutely nothing. The quartz contains hlack copper-silver sul-
phide, which, when oxidized, yields stains of copper carbonate, iron
oxide, and silver chloride. ‘

WINDYPAH OR FESLER DISTRICT.

This district, which has only recently been opened up, lies in the
southwestern part of the quadrangle in the Silver Peak Range, east of
Piper’s ranch. An abandoned mine or prospect—the Good Hope—has
existed for many years a number of miles northeast of the district, in
the same geological position, but the camp mentioned was discovered
" in the winter of 1903 by J. G. Fesler. A great deal of prospecting
has been done, but no actual mining. There is here a large body of
granitic rock, intrusive into Silurian limestones, and the ores occur in
both formations. The veins may be divided into three distinct classes:

(1) Segregations in alaskite, which is here locally intrusive into the
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granitic rock. These show good gold values in segregated bunches of
quartz and in the adjacent siliceous alaskite. The quartz lenses are
limited in size and have not been proved to have any regular connec-
tion.

(2) Quartz veins in granite: These have formed along. crushed or
sheared zones. ‘The amount of quartz is variable and the walls are
ill defined. The mineralogical character is like the first class of
" deposits. The gold values are locally good, but all workings up to
the present have been near the surface.

(8) Veins near the contact of granite and hmesbone Noblc silver-
. quartz veins containing rich black sulphide, carrying copper, silver,
and gold. These veins are very persistent, following the contact for
miles, though different parts may not always be perfectly connected.
Where noted, they follow the contact of alaskite dikes, which are
probably border phases of the granitic inclusions. - They do not have
well-defined walls, and probably are to be regarded as replacements
of the limestone along the dike contacts. Frequently a dike has such
a vein on both sides, though more or less intermittently.

PALMETTO DISTRICT

Such prospects of the Palmetto district as fa]l within the quadlangle
were examined. The principal one is the old MacNamara, located in
1880. Although assessment work has been faithfully done upon these
claims, they have not produced any shipping ore. The vein is near
the contact of limestone with a large intrusive body of alaskite which
itself is probably a border phase of a large granitic intrusion just south
of thisplace. The ore occurs as quartz replacing and penetrating lime-
stone on the under side of an alaskite dike. The limestone near the
alaskite shows contact metammplnsm becoming altered to gar net,
epidote, etc.

As an example of other prospects in the vicinity may be mentioned
the Paymaster vein, which is a short distance south of the MacNamara,
and, like it, runs in a northeasterly direction. This Paymaster must
be distinguished from the Paymaster already mentioned as occurring
. in the Lone Mountain district. It was located eight or ten years ago,
but was abandoned and relocated in 1902. The lead seems to be a
long band in a contact metamorphic zone of the intrusive granite
mass, this band being marked by garnet, specular iron, and auriferous
. quattz veins or lenses.

AURIFEROUS SAND DUNES.

A conspicuous bunch of large sand dunes appears in the southern
portion of the quadrangle in the middle of Clayton Valley. These
have been sampled as gold ores, and some relatively good assays have
been obtained. As a consequence of this some very careful sampling
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has been done, but with unsatisfactory results. It seems to be the
general outcome of all investigations that, except locally, the sand of
these dunes does not contain more than a trace of gold. 'The sample
-taken by the writer assayed a trace of gold and silver.

SUMMARY.

To sum up the ore deposits of the Silver Peak quadrangle it may be
repeated that they are all connected with intrusive granitic rock and
lie either within this granite or (more often) in the Paleozoic limestone
into which this is intrusive. The age of all the deposits is pre-
Tertiary. The ores have been formed in part divectly as ultra-
siliceous segregations from the granite; in part by the action of
solutions from the granite on the adjacent limestones. The most
important district, the gold district of Silver Peak, belongs -in the .
first class, and the. others mainly in the second class. These others,
except the Windypah district, as before stated, were prospected and
abandoned years ago, and owe their recent activity directly to interest
produced by the discovery of Tonopah. Many of the veins in them
are not highly encouraging. However, some of the mines in the Lone
Mountain district have recently produced considerable shipping ore;
for example, the Alpine has shipped over $70,000 worth within the last
year. Some of the prospects within the Windypah district appear
worthy of investigation. The Silver Peak district proper is a vast
treasury of low-grade gold ores. o -



NOTES ON THE GEOLOGY OF THE GOLDFIELDS DISTRICT,
NEVADA.

By J. E. Srurr.

INTRODUCTION.

Interest has been aroused in the new camp of Goldfields, Esmeralda
County, Nev. This district is situated 234 miles southeast of Tono-
pah and about 6 miles due east of the old mining camp of Montezuma.
Recently some good values in gold have been found; several hundred
people have gone there, and ore has been sacked for shipment from
some of the mines. ‘ _

-The writer visited this district in June, 1903, shortly after it had
been located, and while only a few men were working. Some good
assays had been reported at this time, while other attempts did not
succeed in finding much over a trace of gold. The district then
was known as the ¢ Grandpa,” but the name has since been changed.
The writer’s visit was a flying one, and no close examination was made,
but such notes on the geology as were taken may prove of interest.

GENERAL GEOLOGY.

Topographically the district shows a number of low ridges. To the
west are basalt-capped mesas, leading up into the higher mountains in
the vicinity of Montezuma. The part of the district examined con-
_ sists of one of the ridges mentioned, which runs in a north-south
direction; this was followed for a distance of about 2 miles. On the
north end of the ridge the rock is a very much altered rhyolite, show-
ing strong flow structure, a glassy groundmass, and porphyritic crys-
tals of quartz, orthoclase, and biotite, which are, however, almost
always decomposed. Near the north end of the ridge the igneous rock is
chiefly alaskite (quartz-feldspar rock), sometimes of granitic structure,
sometimes coarse and pegmatitic, frequently very fine grained. A
variation of this is quartz-muscovite rock which, when fine grained,
resembles somewhat metamorphosed quartzite. Some of these quartz-
muscovite rocks seem to have been originally such, while in other
portions the muscovite seems to have formed in little blades at the
expense of original orthoclase feldspar. A process of endomorphism
similar to that described by the writer in similar rocks at Belmont, is

aSpurr, J. E:, Quartz-muscovite rock from Belmont, Nev.: Am. Jour. Sci., 4th ser., vol. 10, 1900, pp.
351-358.
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suggested; and since muscovite is, like orthoclase, essentially a sili-
cate of aluminum and potassium, but, unlike it, usually contains a
weighable amount of fluorine, the action of this gas isprobable. In
one of the thin sections a crystal of probable fluorite was detected.
Another variation is pure quartz, which occurs in the alaskite in small
blotches, lenses, and even in masses 2 to 4 feet in diameter. All these
are intrusive into a dark siliceous rock (jasperoid), which is probably
the result of the silicification of an original limestone. By analogy
with the similar geologic conditions in other districts in the same gen-
eral region—as at Silver Peak and Belmont—we may suspect that the
limestone is of Cambrian or Silurian age, and that the alaskite may be
correlated with the granitic rock intrusive into the limestones in those
districts. '

The relation between the rhyolite and the alaskite is uncertain.
Some phases of the alaskite are not distinguishable in the hand speci-
men from the rhyolite, and since they have about the same composi-
tion one is tempted to consider the hypothesis that they are differently
crystallized portions of the same magma; but the strong flow structure
 of the rhyolite and its usually glassy groundmass indicate that, even

if this is so, they were formed under different conditions and at differ-
ent times, and that the rhyolite was formed. near the surface, the
alaskite at a considerable depth.

Auriferous veins.—The chief veins or ore bodies being prospected
at the time of the writer’s visit are broad masses of white to pmphsh
and reddish, iron-stained, cherty quartz, extending irregularly in a
northerly directiom(N. 10° to 15° W.). There are usually no well-
defined walls to these, and the width of the mineralized zones varies
from many feet in one place to nothing in another. As reported, the
assays made up to that time are very irregular, some average samples
giving $25 to $50, others only a trace. The values of these are all in
gold, very little or no silver being present.

When examined under the microscope, it was found that the ore is
only a highly silicified rhyolite, and the rhyolite country rock, wher-
ever examined, is itself much silicified. There are many of these
silicified reefs, usually forming the crests or combs of ridges on account
of their greater hardness.

Near the southern end of the prmCJpal ridge described, an average
sample of the alaskite from many different places was taken. This
contains a trace of gold and 0.11 ounce silver. In the same place a

-sample was taken of a lens of feldspathic quartz, segregated in the
alaskite. This gave a trace of gold and 0.05 ounce silver.¢ This
quartz and other similar lenses, however, are of a different type from
the reefs of silicified rhyolite which toun the pr 1n01p‘ll ledges.

a Assayed by a special, careful method by R. H. Oflicer & Co., Salt Lake City.



REPORTED GOLD DEPOSITS OF THE WICHITA MOUNTAINS.

By H. Foster BAIN.

The Wichita Mountains occupy portions of Caddo, Comanche, Kiowa,
and Greer counties, Okla., and for the most part are within the area
formerly known as the Kiowa-Comanche Reservation, which was
opened for settlement in 1901. They consist of a core of crystalline
rocks, including granite, gabbro, porphyry, and certain greenstone
dikes, the whole partially encircled by a fringe of Paleozoic lime-
stones. The gabbro and porphyry are pre-Cambrian. The graniteand
the dikes, which include certain rare and petrographically interesting .
types, are eruptive through the older crystallines, but their relations
to the sedimentaries are not certain. Mr. Taff, who made a reconnais-
sance map of the region in 1901, correlates the granite with a pre-
Cambrian granite of the Arbuckle Mountains. The sedimentary rocks
include representatives of the Cambrian, Ordovician, and Carboniferous.

For many years there have been rumors of the occurrence of gold
and other ores in the mountains, and upon the opening of the country

_many mining claims were staked out. The miners have come into
serious conflict with holders under agricultural and Indian titles, and
as the evidence was somewhat conflicting it was thought necessary to
make a special investigation of the repoxted ore deposits. This was.
accordingly done in October, 1903. )

The mountains extend as semldetached masses about 50 miles west

-and 30 miles north of Lawton, the principal town of the region. = Their
general trend is a little south of east. The most important mountains
occupy the east one-third of the area and form the Wichitas proper.
West of them is a great mesquite plain extending to Otter Creek, and -

beyond that an area of scattered granite and gabbro peaks extendmg
some miles beyond Red River. Meers, the most important mining

- camp on the north side of the mountains, is at the foot of Mount

Sheridan and about 20 miles northwest of Lawton. Craterville is on

the south side about 2 miles north of Cache. From Craterville to

Oriana, on the edge of the mesquite plain, the mountains are being

prospected at many points. Near Mountain Park, Wildman, and

Roosevelt, towns in Otter Creek Valley, there are numerous prospects.
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At Lugart, near the junction of the two forks of Red River and about
12 miles south of Lone Wolf, there is an additional group of prospects.
The important camps in the area extending from Lawton to Lugart
were visited, and samples were taken-from the leading mines in each
camp. In every instance an effort was made to get samples from the
prospects on which the most work had been done or where the most
encouraging results were reported. It was thought that if some of |
these prospects had a demonstrable value others might reasonably bhe.
considered worthy of further effort, but that if the best prospects had
no value, the less promising ones were not likely to yield any profit.
It was found that five modes of occurrence were being prospected:
- (1) Certain well-defined quartz veins-which cut both granite and gab-
bro; (2) greenstone dikes which apparently cut indiscriminately all the
crystalline rocks; (3) contacts of the granite and the gabbro, particu-
- larly where, as often happens, the gmmtc sends off into the gabbro
long apophyses or dikes usually assummg an aplitic phase; (4) disinte-
gration products of the gabbro; (5) in a Vely few cases simple shear
zones in the granite.
Some of the classes of occurrences enumera,ted are of the sort which,
in view of the relations of the rocks, might well be expected to war-
. rant prospecting. For example, quartz veins very commonly carry
eold and other metals in sufficient amount to make the material an ore,
though it is also true that many of the largest and best-defined quartz
veins known carry no values or values so low as to preclude the work-
ing of the vein. On the other hand, shear zones in granite seldom have
been found to carry ore, and when present it is only in the immediate
neighborhood of well-recognized ore bodies of other types and of
considerable richness. Since, however, assays are reported to have
shown values in all the situations noted above, samples were taken
from both probable and improbable occurrences, and in many cases
where there seemed to be no reason to suspect any values at all, the
owner or person in charge was invited to select samples of what he
considered his richest material. In all cases where the workings were
accessible samples were carefully taken from across the entire vein.
Occasionally these were taken in duplicate, and usually with hand
specimens of the wall rock and of any horses or included rock present,
" so that the occurrence of the ore might if necessary be studied in
detail. Having in mind the disappointment which has so often come
from incomplete or inaccurate sampling, the utmost care was taken to
get fair samples of the material which would be shipped if mining
should be carried on. As already suggested, where any bias was intro-
duced it was in the direction favorable to the miner, and arose from
taking picked samples of the better grade rather than average samples
of the vein. Whenever possible with a reasonable expenditure of time
the owner or his representative was invited to be present while the
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samples were being collected. - All the usual precautions were taken to
prevent possible mixing or salting of samples.” Over 300 pounds of
- samples were taken, and each was opened and identified by the writer
in the laboratory of the United States Geological Survey, where Dr.
E. T. Allen, of the Survey, made 71 assays of these samples. None of
these assays revealed any gold.®

In view of the precautions taken in collecting the samples, and of the
great care with which they were assayed, the uniform absence of even
a trace of gold and the only occasional presence of a small quantity of
silver, copper, or lead admits of one conclusion—that none of the pros-
pects examined shows any ore in the proper sense of the term, and that
none has any present or probable future value. The poss1ble excep-
tions are the Hale and the Clark and Bennett prospects in respect to
copper and lead. A picked sample from the Hale mine showed 0.35
per cent of copper and a similar sample from the Clark and Bennett
yielded 3.63 per cent of lead. In neither case is any considerable body
of ore exposed. At the mine of the Kiowa Copper Company samples
of material sacked for shipment assayed 10.81 per cent of copper. The
mine was not open to examination, but the best data available indicated
that the ore seam was only from one-half inch to 1% inches thick, and
therefore the find is considered unimportant. : .

Whether future prospecting may reveal other occurrences which do
have value can not, of course, be stated with certainty at the present
time. It is belleved however, that the prospects examined were fully
representative and that they have, in many cases at least, been devel-
oped enough to admit of a trustworthy judgment as to their value.
In no case do they offer any encomagement whatever f01 additional
prospecting.

In the granite mountains west of Otter Creek there are certain coarse
pegmatites showing crystals of quartz 3 or more inches long.  With the
quartz crystals are some small, black, semivitreous crystals recognized
by Doctor Hillebrand, of the Survey, as belonging to the columbite-
tantalate group. It is hoped that further investigation may reveal the
presence of some of the rare earths.

Molybdenite in small quantity occurs on one of the claims of the
Shawnee Mining Company near Meers.’

aThe complete list of samples and detailed report of the assay has been published as Senate Docu-
ment No. 149, Fifty-eighth Congress, second session.



ORE DEPOSITS OF THE NORTHERN BLACK HILLS.
ByJ . D. Irvixa.

" INTRODUCTION.

In the several steps of its growth, mining in the Black Hills has
followed closely the lines of its development in other regions. First
the attention of the early prospectors and those who followed them
was given to the more easily accessible deposits—the placers. As
the value of these became evident, search was made for the source
from which the gold in the placers was derived. The old gravel
deposits which lie at the base of the Cambrian series were then
found, and for a number of years yielded very good returns to those
who had located on them. The -impregnated lodes in the schistose
rocks were then discovered, and the mines which have now become the
famous Homestake belt were gradually developed. The lead-silver
_ores mined at Carbonate then became productive, and still further
search revealed the beds of refractory siliceous ore which have of late
years become of such very great importance; then the Ragged Top
ores were found, and finally a variety of smaller deposits was discov-
ered. Areas where ore bodies were easily accessible at the surface
were first prospected, and the development of the more remote and
more deeply buried ores slowly followed.

To make the description of the ore deposits clear, the general geolog-
ical character of the Black Hills will be briefly described, and then
the different types of ore bodies will be separately treated.

| .
GEOLOGY.

Geologically, the Black Hills differ in some respects from almost
any other region in this country. Surrounded on all sides by flat
and rather barren plains whose general aspect is monotonous and
without special interest, the Black Hills rise as an island, presenting
within their borders geological problems of great variety and interest,
diverse types of ore deposits, and studies in land drainage. From the
very isolation and circumscribed character of this uplift many of its
problems are easily grasped and understood, and are without the usual

123
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complicated connections with the surrounding country that make most
geological questions so diflicult to comprehend.

In hlb classic work on this region Henry Newton?® has described the
Black Hills as an elevated area, roughly elliptical in outline, compris-
ing a central core of metamorphic crystalline rocks about which are
grouped in 1ude]y concentric belts strata of later geologicﬂ age, dip-
ping away in all directions from the elevatory axis or region of the
hills.

Were the strata which_ originally covered the core of schists which

“forms the center of the hills still present, we would have an elevated
dome of very great height, rising far above the level of the surrounding
country. The gradual erosion of these uplifted rocks, however, has
gone on together with their upheaval, so that there remains a region

_only slightly higher than the sarrounding plains. In the center is
the uncovered area of schists, and at the sides the stratified rocks dip
outward beneath the flat prairie land beyond. This central core of
old crystalline rocks has in general a due north-south direction, but
at its northern extremity it turns abruptly toward the northwest,
forming a sort of geological cul-de-sac, shut in on three sides by up-
turned strata, but separated from the main portion of the core to
the south by a narrow belt of Cambrian rocks and their included masses
of porphyry.

Throughout this northern area erosion has not cut so deeply into the
mystalhne schists as farther south, so that besides the rude belt of
inclosing strata, isolated patches of the old sedimentary covering lie
on the higher hills within the area of schists.

In the northern hills four systems of rocks can readily be distin-
guished from one another. The lowest series is composed of meta-
morphic schists. It consists of a series of.crystalline mica-schists,
mica-slates or phyllites, chlorite-schists, and laminated quartzites.
Together with these are found, in the southern portion of the Black
Hills and in the region known as Nigger Hill, large intruded masses
of granite, very coarse in its texture and sometimes containing
deposits of tin. In the northeastern portion of the hills there is no
granite present, but its place is taken by numeérous dikes and great
irregular patches of a dark-greenish hornblende rock, termed amphib-
. olite. Bodies of this rock are particularly noticeable in the vicinity.
of Lead, and extend as far south as Custer Peak. It is possible that
they may have had some connection with the occurrence of gold .
in the Homestake mine, but there is no definite evidence in favor
of this theory. These rocks are strongly laminated and are every-
where tilted at a high angle. The lamination often crosses the planes

uNcwtoxi, Henry, Geology of the Black Hills: U. S. Geol. and Geog. Surv. Rocky Mt. Region, 1880,
pp. 1-222, ) A
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of original sedimentary banding, as can still be seen in many places.
Numerous closely spaced folds are also seen to exist in the series, but
the high degree of alteration' that the rocks have undergone has now .
. almost completely obliterated their original structure.
Above the metamorphlc crystallines are the rocks of the Cambrian
system. This system is composed of a basal conglomerate or coarse
bed of cemented gravel, a thick layer of quartzite, and a series of alter-
nating limestones, limy sandstones, and shales with some quartzite—in
all a thickness of about 400 feet. Above these and still farther out
from the center of the hills tliere is a yellowish limestone showing
purple spots and belonging to the Silurian age. This is about 80 feet
thick and comprises the third system. Above it comes the fourth
gystem,; a series of very heavily bedded gray limestones, pinkish at the
hase and averaging about 600 feet in thickness. These are of Carbon-
iferous age and cover the other rocks throughout the entire western
portion of the uplift.

There are present, besides these seaimentary rocks, eraptive rocks
of several different varieties. The most abundant of these are rhyolite,
either fine grained and white as in the vicinity of the Homestake mine,
or coarse grained and darker colored as at other localities; syenite-
porphyries, occurring chiefly in the vicinity of Deadwood and Two Bit
Gulch; monzonite-porphyries; and phonolite. The latter is generally a
dark-greenish or bluish rock, sometimes very coarse but usually exceed-
ingly dense and fine grained. Other intermediate varieties of eruptive
rock are also present in different places. The eruptive rocks, when
found in the schist series, usually occur either as dikes Whlch are
parallel to the lamination of the schists or as large and more i regular
masses which have no definite form. When in the Cambrian rocks
they are generally sills or sheets which have spread out laterally to
great distances along the planes of sedimentation; while in the Car-
boniferous they are less regular in form, sometimes occurring in short,
thick sheets, again in dikes, and still more frequently in very irregular
magses.

Much discussion has taken place as to the plobablhty that the
phenolites which are presernt in the Black Hills indicate a recurrence of
the types of ore deposits found in Cripple Creek. While there are
certain cases in which tellurides of gold have been found in the Black
Hills, associated with phonolites bearing some resemblance to Cripple
Creek ores, the existence of phonolites themselves in this region does
not indicate that there is likely to be found a second Cripple Creek.
Phonolites occur in many localities in the world (in Europe, Mexico,
and elsewhere), and are in most cases not associated with ore hodies.
That they may indicate future mineral wealth in the Black Hills is
possible, but not at all essential.



126 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1903.  [BuLL.22.

ORE DEPOSITS.

If the placer workings, which are distributed widely over the entire
hills, be excluded the productue mining region of the northern Black
“Hills comprises only a limited area of about 100 square miles. It
extends from the town of Perry, on Elk Creek, where the Clover
Leaf mine is situated, northwestward to the town of Carbonate, on the
east branch of Spearfish Canyon, while its widest as well as most pro-
ductive portion lies between Terry Peak on the southwest and Garden
City on the northeast.

Within this rather restricted region are closely grouped together as
many as hine distinct types of ore deposits. They occur in each case
in a particular geological series, and are, with one exception, not
found in the rocks belonging to any other formation. Classifying
them uccording to the rocks in which they occur, the following five
divisions of ore dep051ts may be distinguished: (1) In Algonkian rocks;
(2) in Cambrian rocks; (3) in Carboniferous rocks; (4) in eruptive
rocks; (5) in rocks of recent formation.

In the crystalline schists and metamorphic rocks of Algonkian age
are found the free-milling gold ores, some small deposits of tin, and a
few trifling prospects of copper, whlch have not yet assumed any
great importance. In addition to these there are certain deposits of
graphite which have lately attracted some interest.

In the Cambrian rocks there are gold-bearing gravels which lie at
the base of the system, the refractory siliceous ores which have of
late years become of great importance, the lead-silver ores of Galena
and vicinity, and some deposits of wolframite which have from time
to time produced considerable quantities of this mineral.

In the heavy, gray limestones of the Carboniferous there have been
found in the vicinity of Ragged Top Mountain high-grade siliceous
ores, and at the town of Carbonate the same rocks have yielded large
amounts of lead-silver ores closely resembling those of Leadville,
Colo. A few deposits also occur in eruptive rocks.

In the latest rocks of all—the gravels which fill the beds of modern
streams—have been found the placer deposits, and while they are now
chiefly of historic interest as representing the earlier development of
mining in the hills, they have in past years produced heavily.

ORE DEPOSITS IN METAMORPHIC ALGONKIAN SCHISTS.

Since the attention of miners has been diverted from the gold-
bearing gravels, so frequently the first producers of a mining region,
the free-milling ores which occur in the Algonkian schists have
assumed an increasing importance in this region, until now they are
the heaviest producers and constitute by far the most prominent factor
in the gold production of the region.
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There are in general two arcas where orves of this character have
been discovered. The first is the great Homestake belt; the second,
the Clover Leaf or Uncle Sam mine, some distance southeast of the
first. ‘

As a report will soon appear by Mr. S. F. Emmons, discussing in
detail the geological structure of the Homestake mine, the writer will
give only a brief summary of this important ore zone, gathered in
lfuoe part from previously published 1epo1ts and in part from per-
»som] observations.

Homestake belt.—The Homestake belt is a term which has been
applied to a series of mines operated on a great gold-bearing zone in
the metamorphic schists in the vicinity of Lead, S. Dak. It com-
prises a group of mines which are known severally as the Homestake,
Deadwood-Terra, Father de Smet, and Caledonia, but as the -Home-
stake Company has exercised an increasingly important influence in
the management, its name is now generally applied to the entive belt.
The surface workings or open cuts from which the ore was first
extracted in the early days of its history indicate in a broad, general |
way the location and trend of the lode. The Caledonia ore body is
distinct from that operated in the other mines, and lies to the east of
it. The Homestake ore body is not a true fissure vein, but is a bioad,
impregnated zone in the schists; which strikes approximately N. 34°
W. and is slightly at variance with the general direction of the lami-
nation of the schists. There seems to be a rough dip to the east, but
the ore is so irregularly related to the rocks in which it occurs that
the general inclination can not be given with any degree of accuracy.
The ore body pitches noticeably toward the south, so that at the
southernmost portion yet opened up it is much more deeply buried
than at the northern end. Alternating with the lenses of ove, ard also
to the east of them, are -many dikes of white, fine-grained rhyolite
which have passed upward between the lamination planes of the schists
and spread out in broad, flat masses in the nearly horizontal Cambrian
strata that cap the hills to the west, north, and east of -the ore
zone. In places most of the stratified rock into which these porphyry
masses have been intruded is now eroded, and on the summits of the
divides which separate the open cuts little is left but the thick sheets
of rhyolite. As the porphyry bodies which form these sheets were
followed downward in the mine workings they became gradually thinner
and fewer in number, the eruptive rock having apparently spread out
as it came nearer to the surface and formed branching masses of a len-
ticular form. The first ore which was mined in the early days formed
great irregular lenses included almost wholly within these dikes of .
porphyry, but as it was followed downward it seemed to dwexge
from the porphyry bodies, and in the deeper levels of the mine is
apparently entirely mdepcndcnt of them. It is an interesting fact
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that in the lower levels a mass of phonolite of a dark-greenish color
has been found closely associated with the wider portions of the ore
zone. No definite foot wall or hanging wall to the ore can be detected,
_ because it is in many cases difficult to distinguish the mineralized mate-
rial from the barren country rock.

It seems probable that the Homestake lode, owing to its miner ‘Lll/“d
character, was a harder and more resistant ledge than the surround-
ing schists of the Algonkian, and that for this reason it constituted a
reef in the old Cambrian seas before the sedimentary rocks above
were deposited. Tkat it was then mineralized and gold-bearing is
proved by the presence of gold in the basal or lowest rocks of-the
sedimentary series which lie in the isolated patches about the outcrop
of the ore body.

The ores of the Homestake belt taken as a whole can not be said to
present any constant features which serve to distinguish them from the
characteristic but barren rocks of the Algonkian series. Pyrite is by
far the most invariable indication of mineralization, but it is notably
absent from much of the ore. Quartz also occurs in a great number
of cases. Perhaps the most usual type of ore would be that consisting
largely of quartz and pyrite. Other minerals are dolomite, calcite,
and arsenopyrite; these are also of very frequent occurrence, but no
decrease in the values of the ore can be noted when they are absent.
Again, garnet and tremolite appear in some portions of the ore in
such abundance as to constitute the larger part of the gangue, but the
ore here found does not differ in value from that having a wholly
different appearance. It would seem that when the ordinary type of
schists is mineralized the ore more closely resembles a schist, but
when the amphibolite is mineralized the ore more closely resembles
an amphibolite. Thus it will appear that although pyrite, quartz,
dolomite, calcite, arsenopyrite, tremolite, and garnet frequently con-
stitute, either separately or in combination, the gangue of the ore, no
- one of these minerals can be considered an indication of the presence
of gold In general, however, it may be said that the ores occupy a .
zone in the Algonkian rocks which- presents a greater number of
secondary minerals, a more constant occurrence of sulphides, quartz,
dolomite, calcite, and a1senopyutc, and, finally, a more advanced
degree of distortion and irr: egulanty of structure than do the barren
areas of the same formation.

From a careful study of the ores and the general stluctule of the
Homestake belt, it appears first, that there have been several different
periods of mineralization, at lea.st one of which has preceded the
deposition of the Cambrian rocks, as is distinctly shown by the
presence of placer gold in the lowermost gravel beds of the Cambrian
series; second, that there have been periods of mineralization which
followed the entire deposition of the sedimenfary rocks and were
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later than the intrusion of the dikes and bodies of rhyolite. It is
probable that this belt has been the seat of much fracturing and crush-
ing from very early geological time until the present, constituting a
line of weakness along which mineralizing waters were permitted to
circulate more freely than elsewhere. Impregnation of the country
rock at successive periods with vein minerals and small amounts of
gold has thus given rise to a workable zone of gold-bearing rock.

. In the carlier days of the mine the ore was completely free milling
and of higher grade than that now mined. It was highly oxidized,
and contained little or no sulphurets. As.the workings penetrated
deeper, oxidized material gave place gradually to sulphides, and more
and more of the values in the ores failed to yield to amalgamation.
- For a time the concentrates from the mine were sold to smelting com-
panies, but experimentation on theiv treatment gradually led to the
construction of a cyanide plant with a view to treating the more
refractory portions of the ore.

It has been assumed by many who have written upon the- geolocry '
of these ore bodies that the rhyolite-porphyries which occur in inti-
mate association with them have enriched the ore, but there is no

evidence to support this theor Y-

The Homestake mine has, since its opening, been an illustration of
the manner in which a large body of low-grade.ore handled on a large
scale could he made to yield great profit. Its successful opecation has
been due chiefly to the care with which it has been managed and the
great business ability of those who have handled it.

Clover Leaf mine.—The other mine which has been operated on
Algonkian ores is known as the Clover Leaf mine (formerly the Uncle
Sam), and is not far from Perry station, on thée Black Hills and Fort
Pierre Railroad. Compared with the Homestake belt its production

is comparatively small, but it is of singular geological interest. The

ore body is a large, saddle-shaped-mass of quartz inclosed in the meta-
morphic schists, with its apex striking N. 64° W. and pitching to the
southeast at an angle of 40°. The horizontal section of the quartz
body as exposed on the 250-foot level has the appearance of the letter
U, with slightly flaring arms. The northern arm strikes N. 40° W,
the southern S. 75° W. This quartz hody is thickest at the crest, and
the lamination of the inclosing schist is parallel to its surface, curving
around it so as to give to the mass the appearance of a folded lens at
the crest of a southeast-pitching anticlinal fold in the Algonkian schist.
Both of the arnis of this quartz mass when followed out from the apex
become much narrower than the main body, the northwesterly having
an average width of 20 feet, the southwesterly of about 10 to 12 feet.
The gold is contained chiefly in the quartz, in which it often appears
free and generally associated with small p¢rt1des of galena. The
Bull, 225—04.—-—9
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quartz and the encompassing schist are heavily impregnated with
pyrite, which at the surface is completely oxidized. 'L‘h’e ore is
treated in a stamp mill and amalgamates readily.

Besides these gold-bearing lodes, deposits of- tin occur in 1ocks of

Algonkian age, notably in the southern portion of the hills and in the
. region to the west of Spearfish Canyon, known as Nigger Hill. The
country rock in which these deposits occur is apparently a coarse
muscovite-granite, and the cassiterite or tin oxide is scattered through
this rock in irvegular patches, increasing and decreasing in amount
with little or no regularity. At the time of survey none of the deeper
workings were accessible. In the earlier days of mining in the Black
" Hills, the tin ore attracted, as is well known, considerable interest,
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