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RECONNATSSANCE OF THE GOLD FIELDS 0F SOUTHERN ALASKA,
WITIL SOME NOTES ON GENERAL GEOLOGY. '

By GRORGE I'. BECKER.

INTRODUCTORY.

Tarly in 1895 Congress appropriated $5,000 for the investigation of
the gold and coal resources of Alaska, to be expended under the
direction of the United States Geologieal Survey. The Director com-
mitted the work to my charge, At my desire he requested Mr.
William H. Dall to accompany me and make an examination of the
coal deposits, with which hig former well-known explorations had
in large measure familiarized him, Mr, Chester W, Purington also
accompanied me as personal assistant.

By the courtesy of the Navy Department, the U. 8. ship Pinia was
placed at our disposal for examinations in the Alexander Archipelago, |
Thanks to the kindnegs of Lieut. Commander A. R. Couden, com-
manding, and his officers, we enjoyed every facility for visiting points
accessible by water in southeastern Alaska., All efforts to procure
suitable transportation to the westward of Baranof Igland failed.
‘We reached St. Panl, Kadialk, by the mail steamer, and there seeured
a small tugboat of 24 tons, gross, in which, with great disecomfort and
gome risk, a cruise of over 1,300 mileawas aceomplished. Kadiak was
circumnavigated, Chirikof was visited, Cook Inlef, Turnagain Arm,
and Kachemalk Bay were explored with such thoroughness as time
permitted, and landings made at various points on the Alagka Penin-
sula from Cape Douglag to Unga Island. From Unga to Unalaska the
mail steamer was again resorted to. At Dufch Harbor a steamer was
chartered for a brief visit to Bogoslof and Grewingk, and the Bertha,
with a cargo of seal gking, transported us from Dutch Harbor to Sah
Francigco.

Mr. Dall’s report on Coal and Lignite of Alaska has already
appeared in the Seventeenth Annual Report, Part I. The report on
gold, delayed by unforegeen events, is here presented. DBesides notes
on gold, it has been considered best to inelude such observations on -
other matters of geological interest as were made on the trip. Mr.
Purington has assisted most efficiently in the elaboration of the
material. :

T
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GHOGRAPHICAYL, NOTES.

The well-known gold deposits of Alaska are divisible into two
groator groups. Of these one lieg upon the Yukon River close o the
British frontier and some 300 mileg from the coast. The other
stretches along the eoast from Sumdum Bay westward as far as
Unsalagka, Gold has also been deiected on the Kowak and the Kus-
kolkkwim rivers. 'The examinations recorded in this report were con-
fined to the coastal mineg. PL I exhibits the general distribution of
the deposits, and more detailed maps are given in connesction with
the detfailed, deseriptions.

The direct distanee from Sumdum Bay to Unalagka is some 1,250
gtatute miles, and the coagt line is of course much longer.! It is
therefore desirable to group the coastal auriferous localities more
minotely. The most easterly mines are all either on islands of
the Alexander Archipelago or on the adjoining mainland, 'The
largest town, of the Territory, Juneau (originally called Harrisburg),
iz on the mainland. Just opposite the fown, on Douglas Island, is
the Alagka-Treadwell mine and its extension, the Mexican. On the
mainland within a few miles of Juneau are the Silver Bow Bagin and
the Sheep Creek districts. Sumdum is on the mainland some 55
miles to the southeastward of Juneau; and Seward City, near Berners
Bay, is about 50 miles to the northwestward., There are also gold-
quartz veins on the northern end of Admiralty Island, 830 miles west
of Juneau. , '

The last distriet of importance in the Alexander Archipelago is near
Sitka, on Baranof Island. Sitlka iz about 100 miles west of south from
Junean. Another group of deposits lies in the region of the Kenai
Peninsula, which forms the southeasterly shore of Cook Inlet. The
only deposits actnally exploited on the mainland in this region are the
stream. gravels on Turnagain Arm. At Yakutat Bay there are aurif-
erous beaches, ag there are also on Kadiak Island. On this island,
too, there is a group of -gold-quartz veins, which are being explored
and tested.

The Apollo Consolidated mine is on Unga Island, one of the Shuuna-
gin group, some 450 miles westward from the Kenai Peningsula. The
auriferous area of Unga seems to extend across a narrow strait to
Popof Island. 'T'races of gold are maid to have been found on the
Alagla Peninsula, and there is certainly a trace of gold on Unalaska,
although ag yet no valuable deposit has been found there.

The physical conditions of the Alaskan coast can not he said to be
unfavorable to mining. In spite of the high latitude, the wintor is
not severe. The summer is never hot. The precipitation, however,

1The coast line of Alaska, including islands, is said to bo 26,364 miles, while the Atlantic cosst
of the United States, including islands, is only 2,048 miles. Eleventh Census, Alaska vol, on
authority of Coast Survey. '
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ig greaf. In the region eastward of the center of Kadiak, tlmbor is
extremely abundamnt, so much so as to make prospecting laborious
where it is noti fairly impraeticable. West of the line indicated there
is no timber. The sea, of conrse, allords ready means of transporta-
tion for the entire coagt, but navigation is often somewhat perilous.

The meteorological data available, excepting for the port of Sitka,
do not accord very well. The averages are probably derived from a
number of years too small to eliminaté annual variations.

The following little table shows the average lemperatures and pre-
cipitation, as given o me by the Weather Burean:

' dverage temperatiuwres ond précipitation in Alasha.

" Wonn Junaury bonv| Mean July tom- | Annunt vuinfall
Station. - -
Du%:ees N}}iﬂrﬂ):r DegI‘:ljees N;rzolilt%e.n' Tnches. 1\1;&’1?:1};&.31'
JUNeBU - oo 26.9 41 bBT1.8B 3 04 2
Sitla - vnnoen.on..| 342 G 54,4 7 11,7 7
8t, Paul, Kadiak.___..| 206.0 11 | .48 9 89.1 [i}
Unalaska ... .. 33.5 ] 49.0 4 50.2 5

The observations of Mr. Frederick Sargent at St. Paul, Kadiak,
which are rocorded in the report of the Kleventh Consus, give the
following figures: '

Mean January temperature for nine years, 31.3° F.; mean July
temperature for ten years, 53.4° F.; mean annual rainfall for seven
years, 67.1 inches.

The discrepancy between the Weather Bureau figures and those
obtained by Mr. Sargent is probably due to the different years
included. Mr, Sargent’s lowest temperature is — 2° in 1883,

In the Alaska census volume Me, 3. Applegate sfates the rainfall
at Unalagka for the years 1882, 1883, 1884, 1887, and 1888. The
average is 118 inches, or congiderably more than the Sitka precipita-
tion instead of less than half as much,

The four stations lie at no great distance from the same isotherm,
as appears from the data. given or from an inspection of Mr. A.
Buchan’s isothermal chart, Of course the mildness of the winter is
‘due to the effects of the Japan Current. '

HISTORICAL: NOTES ON ATLASKAN GOLD.

If the early Spanish, Russian, and English explorers of the Alaskan
coast detected gold in that Territory, they seem to have omitted all
mention of the fach, and as such a discovery would have added to the
importance of their explorations it may be assumed that they failed to
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detect the precious metal! In 1849 Mr. A. FErman published in a
Russian journal a map of the world, showing the distribution of gold,
which fails fo indicate any auriferous locality in Alaska.? The Rus-
sians looked upon their American posgessions as a hunting ground lor
fur, and had commitfed its charge to the Russian Amorican Trading
Company. Ini1848, however, the Government commissioned Mx, P. I,
Doroghin? to explore for mineral resources about Sitka, the igland of
Kadiak, and the Kenai Peningula. He discovered the coal of Cook
Inlet and detected gold ai several points. In 1861 he again visited
the country, but on neither oceasion did he find any gold-bearing
Verins or meet with gravels carrying more than a sixth of a penny-
weight per ton. e was alterwards bitterly reproached for not hav-
ing found more gold, but hig failure is not a matter for surprise. Ile

- obtained no aid from the natives, who, he declares, had mno word for
gold, and he wag not fortunate in the areas selected for examination.
The Kaknn River, which empties into Cook Inlet at Fort Kenai,* and
Yakutat Bay were among Doroghin’s localities.

In 1863 there was considerable excitement about the gold washings
on the Stikine River (the Cassiar district), which, however, were
entirely in British territory. Gold was reported on the Talcu River,
not far from Juneau, as early as 1867.° In 1873 a gold-quartz vein
was found on Silver Bay, 10 miles from Sitka.® TFruitless prospecting
had been done some years carlier in the same region.” The placers of
Silver Bow Basin were digeovered in 1880 and those of Douglas Island
in 1881. In working thesc last a large body of low-grade quartz was
laid bare, which was soon acquired by Mr. John Treadwell. The
famous Alaska-Treadwell mine is opened on this body of quartz.
Sheep Creek ecame into notice in 1888, and rich ore was discovered. in
Sumdum Bay in 1889, In this same year only assessment work was
being done at Bernerg Bay.® _

On Kadialk Island production can hardly be said to have begun at -
the time of the examingtion described in this paper, but the late Prof,
J. 8. Newberry long since reported gold in gpecimens from Kadiak.?

On Turnagain Arm, at the head of Cook Inlef, there are auriferous
gtream gravels. At Bear Creek active operations were begun in 1894,
In August, 1895, further discoveries were made near the head of the
arm,

1 Aceording to Q. P. 0. Flourien (1797), Juan de Ifuca reported gold, silver, and pearls on Puget
Sound, bub little credit seems to have been given to the statement. Possibly the natives may .
have had trinkets obtalned by harter.

2 Ayrchiv filr wissenachaftliche Kunde in Russland, vol, ¥, 1840,

$Tdem, vol. 25, 1866—6’(, p. 6. Doroshin publighed several other papers,

4, drewingk, Beltrige zur Kentnlss der Nordwestliche Kilste Amoerilkas, 1850
+ 677, 8 Coast Survey Rept., 1867, p. 200,

8 Mr. Henry Boursin, Ileventh Census U, 8., Alaska vol., p. 220,

" Russian Ameriva, House Ex, Doc, 177, Fortieth Congress, socond session, 1807, p. 258,

83¢p, J, I Burfeind, Tleventh Census U 8., vol. Mineral Resources, 1892, p. 101,

o An unpublished report to the Secretary of the Smithsonian Institution; clted in Coast Pilot
of Alasgka, 1869, App. 1, by W. I Dall.
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The heach sands at Yakutat Bay, on the west coast of Kadiak, and
in other localities contain gold, and small parties of miners sometimes
engage in ifs extraction without any brilliant success. To the west
of Kadiak the Apolle Consolidated mine is the only one which has
yielded any large quantity of gold. It was opened about the year 18806.
Prospecting has been done af Unalaska and {o some exfent on the
Alaska Peningsula with insufficient suceess.?, .

On the Yukon gold was first discovered by members of the Western
Union Telegraph Expedition. The first mention of this gold field is
by Mr. F. Whymper, in 1869.2 It was also referred to by Mr. William
H. Dall in 1870.% The first mining excitement on the Yulon was in
1886,

'STATISTICS OF GOLD PRODUCTION,

The figures for the gold produet of Alaska are necessarily mere
approximations in most cases, gince no efficient means exist for obtain-
ing accurate returns excepting in the caze of a few companies. Inthe
Tollowing table the produci of the Alaska-Treadwell from 1882 to 1889,
inclusive, is taken from the report of the company for 1894, After
1890, the published reporta show the products for the year ending
June 1. The figures for the Apollo Consolidated for 1891 to 1894 are
taken from a table kindly communicated to mo by the company, and
represent the mnet proceeds or returned value of concenirates and
bullion shipped in these years. All the other figures are taken from
the reports of the Director of the Mint. The details of production are
on the authority of Mr. C. G. Yale. The last column shows the esbi-
mates of the Director of the Mint, based only in part on the direct
returns of his agents, for the entire territory.

The silver produet of Alagka is not ineluded in the ta.ble Prior to
1894 the Director of the Mint did not estimate as much ag $11,000 coin-
ing value in any year. Iis estimates for 1894, 1895, and 1896 are,
respectively, $28,782, $36,880, and $187,867. The Apollo Consolidated
produced $38,6820 in silver, coining value, in 1896, mainly from the
sulphurets, which contain much galena. The remainder for the game
year geems to have come from the mines of the Alexander Archipelago,
the estimato being founded on returns from Lhe amelting works of the
Pacific Coast.

. 1Mr. Henry Boursin, Eleventh Gensmé U, 8., Alaslka vol., 1898, p. 286.
T Travels in Alaska and on the Yulon, 1808, 1. 2h8.
3 Alaslza end 1te resonrces, 1870, p. 417,
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Statistics of gold production in Alaska.
[Stated In dollars,]

T | atasia o | Bleamn. | pollo B ATL Alagka;
| Yoar. | Tread- |Mexicaniminesofminosof|Consoli- p?;g_h 93{’(52_ YVulon | ostimato of
mine, | TS| oty | Sonta- | dated | fory” | placars | Placers: by Mt
Alaska, | Alagks.

1880 - || e 8,000] .|| S 1 8,000
1881\ GELE: 2 | D U SO RO 13,874
1882._. wemnfeceaa 20,0000 | 150, 000
1888.. . } 10, 9031 ______ 2,0001140,000[. .| ... oo 800,000
1884 ... S 100,000 56,000 ... || .| ... | 200,000
1885, .| g9 L . UTS PR A P I 800, 000
1888 1868180l . | e | 446,000
1887, | dv6,984 (oo 675, 000
1888 .. 420,880, | |.______ S o D e .| 850,000
1889:.. | 652,491 .. ._ 250, 000 25,000/, . . |- S N 800, 000
1890._.._| 618,191|... ... 68,288 25,0000 .. |._.._| .. .| 50,0000 762,500
1801, 765,673 .| 91,843[120,0000  #80|.. . |______ 100, 000, 1, 020, 045
1992 .| 676,926 ___ _|110,820/180, 900| 80,216| 2,500 ___ . _|110, 000| 1, 080, 446
1898, .| rro, e | 7400l 47,8417). 6,000(._.. ... 200, 600 1, 000, 000
1894... .. | 565, 807(204, 049| 19,400 ___- 85,207 ___. e ee. 409, 000{ 1,118, 550
1895.._.| 818, 690226, 258877, 676 2, 265,225, B95(17, 854| 50, 000(709, 000| 1, 615, 800
1896.._.| 603, 576[245, 861182, 882| 40, 000]400, 31839, 000120, 000/800, 000| 2, 055, 710

VOLCANIC ACTIVITY AND CHANGES ' OF LEVEL,

It is very certain that voleanie acfivity has existed al numercus
points along the northwesiern coast of America from the Golden Gate
northward in comparatively recent times. Less certainty exists in
thiz newly settled region as to historical outbursts. It has been
reported on seemingly credible authority that Mount Baker was in
eruption in 1843, and the statement has been accepted by Grewingk,!
Davidson,* Whitney,® Dana,* and Diller.’ "The evidence of a gimul-
taneons outbreak at Mount St. Helens is of the same order of credi-
bility, and it is certain that several of the voleanic cones from Mount
Shasta northward still emit small quantities of vapor. -

In eastern Alaska, Mount Calder, at the north end of Prince of
‘Wales Island, Mount Edgecurnb, close fo Sitka, and Mount St. Rlias
have been reported in action. The only authority for the Calder
eruption, supposed to have oceurred in 1775, is F. A. Maurelle, and

1 Veorh, Rug. min. Gesell, 1848-49, 1, 209,
"% Bugs. Amer., Houge Bx, Dos, Ne, 117, Fortieth Congress, second sesslon, 1807, p. 289,
. ¥Ene. Brit., Oth ed., vol. 23, 1888, 12. 800.

+ Manual of Geol., 4th ed., 1895, p. 206,

& Nat. Geog. Mag., vol. 5, 1808, p, §8.
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Grewingk! rejects the report on the ground that if it had bheen correct

it would have been eonfirmed by other nearly contemporaneous wit-.
nesses. Tho alleged eruption of Mount Rdgecurab in 1796 also rests

mainly upon the authority of a single witness, ¥, T, Hoffmann.* Sir

George Simpson, however, asserts thal in 184142 there were inhab-
ftants of Sitka who had seen Fdgeeumb active.®  On the other hand,

had there been an cruption in so conspicuous a position it eould

¢ hardly have escaped the attention of the Russians.* Mount Idge-

cumb is manifestly a voleanic cone, and smoke from a five, or even a-
persistent foy streamer, may bave been interpreted by Hoffmann as

voleanic smoke.

Mount 56, Elias was reporied as active in 18389, dnd w,(nn in 1847,
and many referenced to this mountain as a voleano are to be fonnd in
literature. [Its eruptions were not detected by the sharp and well-
trained eyes of the natives,® and it is now well known that the moun-
fain is neither a voleano nor even of voleanic origin,® a conclusion to
which Grewingk came from mere study of the descriptions.

The helt of the present voleanic aclivity in Alaska beging on the
Copper River near Mount Wrangell, and extends along the peninsula
of Alaska and the Aleutian Islands to beyond Awchitkes Island., Tts
length is neaxly 1,700 miles, which is about the distance from Cape
Sable, Tlorida, to Halifax, Nova Seotia, or from Gibraltar to the Shet-
land Tslands. The ejectn are mainly andesitic.  Eruptions have bheen
observed at scores of points, and the intervals are dotted with cones,
showing the continuity of the zone of vuleanicity. Mount Wrangell
lics at a distance of abount 154 miles 1}:0111 the head of Prinee William .
SQound, and, according to Lieut. EL T. Allen,” it reaches the great .
height of 17,500 feet. It was stemn'[ng at the date of his visit. It is
the loftiest of a group of high mountaing, one of which, named Mount
Blackburn by Mr. Allen, is only 30 miles from. the junction of the
Copper River and the Tschichitna, Cheehitna, or Chittyna River. T
suppose this latter mountain to be that calied by eavlier writers the
Chechitno voleano, :

In the following table such records as I have of oruphons on ‘rhe
voleanic belt are arranged according to longitude,  The earlier obser-

rations were compiled by Grewingk ® and translated by Mr, William
. Dall, who added data up to 1867. A few more observations, com-
piled from various sources, are here included, hub the list is ab best
a very partial one. The region iswithout newspapers, and the seamen
or hunters who witness the outhursts ave acenstomed fo the sight,

IVerh, us. min, Gesell, 1845-4%, 1. 273,
2 (foog. Beob., gesammelt auf ciner Reise min die Walg, 1820; quoted by Cirewingl.
4 Journey round fhe World in 184142, vol. 2, 1847, p. 175

1 Growingk, op. cit., p. 272

5P, P Doroshin, Erman’s o Arahiv. fir wiss, Kunde in Russland, vol, 7, 1840, p. 230,

o7, {0 Ruassel), Natb. Geog, Mag., vol. 8, 131, p. 1687,

* Bxped. to Copper Biver, Rept. Secy. of War, 1887, p. 5%

% Loe, cit., o 277, A few of Grewingk's duta must have been obtained from the natives, for
the Russians do not appear to have sighted the Alaskan coast till 174 -
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Volcanic eruptinng in Alaska,

Locality. A [gfg‘.)i’ﬁlrgg'fm Year., Phenomens.
Q
Calder, Mount .. __.______._ ' 1834 1775 Reported active,
Edgecumb, Mount.___._ ... 1854, 1796 Said to smoke.
Chechitno, Mount....__.... 1444 1760 Smoked.
1784 Frupted.
Chngach, Gulf, (Prince | 146to149 1790 | Tzupbion near.
William Sound. )
Wrangell, Mount ..____.__. 145 1819 Emitted fire.
1884 Eruption.
Redoubt, Mount____.__.___. 1523 1819 Smoked. -
Tiamna, Mount ... __.._._. 158 1741 Grew quiet,
1778 Resumed action,
1179 Active,
. - 1876 Hruption.,
8t. Augustin, Mount ____.__ 1584 1888 Violent: erupbion.
: 1885 Steaming, shore to
summnit,
} _ i 1895 Crater steaming,
Veniaminof, Mount (Black 1568 1880-1840° | Smoked. -
Peak). 1892 Violent ash outhreak,
Pavlof, Mount ... __._..._. 162 17821788 | Active. -
1790 Do.
1838 Smoked. -
1880 Red glare.
1892 Smoke.
Medviednikof, Mount ... ... 162 1768 Active.
Walrus Peak. ... _.._._... 168 1768 Do.
Amak Island ... .oveno... 183 | (700-1710 Do.
‘ 1798 Unguist.
 Termination Alagka Penin- |. ...l .| v e mm— e
sula, 1680, '
Unimak Igland....... wane 164 1690 Crater formed on
Mount Khaginak,
1775-1778 | One voleano active,
{probably - 8highal-
. S | din). )
Shishaldin, Mount _..______ 164 1778 Smoked,
: ‘ ' 1790-1825 | Active.
1824 , Flatnes,
1827-1829 | Fire.
1830-1831 | Very aotive.
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Voleanie eruptions in Alaske—Continned,
Locality. A O}:;I‘goi}gln&g};e Year. Phenciens,
. o .
Shighaldin, Mounb ._....._. 164 1838 Tire,
) 1866 Smoked.
1871-1874 | Stoamed.
18801881 | Smoked. .
1883 Steam and ashes.
. . 1895 Steamed,
Isanotski, Mount {a little 1643 1795 Exploded.
east of Pogrumnoi). ’ )
1825 New crater, ashes,
1830 Flames.
Pogrumnoi, Mount___.._._. 1644 1795 Active.
- 1827-1829 | Fire.
1830 Ashesg,
Akun Idland - .. _______. 165% 1828 +Bmolked.
Akutan Island e ... .._... 186 1790 " Do.
1828 . Do.
1838 - | Do.
1883 Steam and ash.
. 1887 Lava eruption.
Makushin, Mount, Unalaska 167 1768 “Active.
Isiand. * | 1r00-1792 Do.
1802 Vigorous,
1826-1838 | Smolked.
1844, Do,
1865 Active,
1871-1874 | Steam,
1880 i Do.
1888 Ashes.
1801 Steam,
1895 Do.
| Unalaska Island.._._..__... 167 1768 A second voleano ac-
' : tive,
Bogoslof Island__._____..... 168 1796 Rose.
1808 Emitted lava.
1814 Threw outb stones.
1820 Smoled.
Grewingk, or New Bogoslof. 168 1883 Roge; ashes and lava;
‘ ) has steamed ever
ginee.

@ Mr. Dall regards this voleano as nsually active and ag emitting movrelays than any otherin

the chaln.
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Volcanic eruptions in Algske—Continued,

Approximate

Looality. ongitude, Year, FPhonomena.
o \
Grewingk, or New Bogoslof. 168 1890 Emitted ashes.
Veevidof, Mount......._... 1683 1784 Smolked.
1790 Active.
1817 Great eruption north
peal.
1880 Eruption southwest
end.
Tanak-Angunakh Island __ .. 10 1774 Active,
1828 Smoked.
Four Craters Islands ... .. 170 | 1798-18¢0 | Active.
1888 Smoked,
1871 Steaming.
1874 Do.
Yunaska Island ... - ... il 1817 Smoked,
: 1824 Gireat eruption.
1830 Eruption,
. 1878 Steamed,
Amulkta Igland_ ... .. .. 171 1776 Became quiet.
17861791 | Active.
Segunam, Mounb ... ... .. 1724 | 1786-1790 Do
’ ’ 1827 Smoked.
1878 Steamed.
Atka Tgland. . ..o 1744 1760 Smoked.
1828 - Do.
1880 Do,
Kluchefgkoi, Atka Igland. . _ 174 1878 Steamed,
Korovin, Mount, Atka Island 14, 1830 Bmoked.
1844, Do.
: 1878 | Quiet.
Barychef, Mount, Atka Is 176 1812 Violent eruption.
land. _
Koniuwji Teland ... _.._..___. 178 1760 Rose,
1827 Smoked.
1828 Do,
Great Sitkin Island_.. .. __.. 176 1792 Fire.
1829 Smolked.
Adalkh, Monnt_ ... _..._._. 1T 1560 Active,
Kanaga, Mount >, oo 177 1763 Solfataras.
\ 1786 | Flames.
1780 Active.
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Voleanic eruptions in Alasho—Continued,

Loaality. Aﬁ%‘é}%ﬁ:“‘a Year. ) Phenomena.
aQ
Kanags, Mount - ....__... 177 1791 Smoled.
1897 . Do,
Tanaga, Mount______...___. 178 ) 1768-1770 | Constantly active.
' 1701 Smoked.
Grareloi Island, .. ... __.___ 179 1760 Do.

1792 Emitted lava.
1828 Smoked.
1878 Active,

Semisopochnoi Islands . ... 1804 1772 Smokod.
1790 Do.
1792 Do.
1880 Do.
1873 Active.

Sitignak Island (near west 181 1776 " Do,

end of Amchitka).
Little Sitkin Tsland. __..._.. 181% 1828 #moked, °

No active vuleanicity is recorded west of longitude 1804°, but Bul-
dir Island, in 184°, is described by Dr. Dawson® as a once symmefrical
voleanic cone much eroded by the sea. The Semichi Islands are low
and flat. Attu, Bering, and Copper islands are reported to consist
largoly of pre-Tertiary igneons rocks, but Dr. Dawson reports basalt
also on Bering Island. On fhe mainland of Kamchatka there are, as
is well known, many finely developed voleanie cones forming a chain
with a northwesterly trend, and several of them have been observed
in aetivity. ‘ ,

‘Whether there is an immediate and direct connection between the
valeanice belt of Alaska and that of Kamehatka is questionable, The
digtance from Buldir to the Alaskan coast is nearly 600 miles, and
between them is a deep submarine channel. FEven if the basalt which
Dawson noted on Bering Island is a recent rock, a break of over 400
miles gpanning the channel remaing., On the other hand, the eruptive
character of the more ancient rocks on Attu and the Commander
islands indicates that vulcanicity once existed in the interval, though
now fotally extinet. A very handsome diorite is also abundant in
Unalagka, and fragments of diorite have been broughi up by the
eruption of Bogoslof. But ancient eruptives are so widely dissemi-
nated that it is not justifiable to associate the earlier and later extru-
sions without further evidence. That which is available is of a very

. 1Bull, Geol, Boc. Amerlea, vol. §, 1854, pp. 117—1-16.
18 ¢moL, PT 3 2 .
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general character. The connection between the Alaskan voleanio
belt and that of Waghington, Oregon, and California, so recently
extinet, is also interrupted, and to the southward of this series of
voleanoes there is another brealk before the voleanoes of Mexico and
Central America are reached. In short, the shores of the Pacific seem
marked at intervals by belts of voleanooes nearly parallel with and at
no great digtance from the edge of the continental platesn,

The goological structure and the fossil fauna of the Pacific coast
manifest a marked tendency to parvallelism nearly on the present
lines. 'The Mesozoic uphesvals and erupfions were gubstantially
parallel to the present edge of the plateau, and characteristic fossil
shells stretch along the coast for great disfances. The Pacific coast
of the Amoericas lies along a line of weakness in the earth’s lithoid
shell, upon which movements seem to recur as often as the tendency
to isostasy is brought into action by redistribution of matter on the
earth’s surface, or by other caunses. Such lines of wealtness seem fo
be of great antiquity and, as has been suggested before now, may
have been outlined early in the Archean. In accordance with Dana’s
theory of the permanence of confinental areas, the shore line from
time to time comes back nearly to the edge of the abysmal submarine
plain of the North Pacifie, now lying nearly 8 miles below the surface
.of the. oceair.

To me it would appear that there is a close relationship, though no
direet continuous connection, between the modern voleanie belts; and
that in past goological periods also there have been various stretches
of tho coastsimilarly atfected by vulecanicity, these sometimes overlap-
ping the present volcanic belts. The Alaskan beli seems to have

- existed since the late Eocene or early Miocene, and may coincide with
still earlier lines of achivity.

During the Oligocene (Kenai Group) something like one-half of the
Territory of Alaska was submerged.! TIn the late Pliocene a greab
uplift took place in British Columbia,? and about the same time the
Mount St. Illias Alps were formed.® 'This uplift probably affected
western Alaska, and united the Asian and American continents. A
partial subsidence seems to have followed,® succeeded by a gradual
rise, still in pl()gTBSS, from about longitude 145° W. to Bering Sea.
The limits of time just indicated eorrespond fo the peried during
which it is known from fossil evidence that voleanie activity has been
in progresz. To me it also seemns most natural to conceive of vul-
canicity as due to the active progress of upheavals and subsidences,
the fusion of the lava being ascribable o the dissipation of the energy
of uplift.! The immediate disturbance of equilibrimin which gives

1W, H, Dall, Bull. T. 8. Gool. Survey No. 84, 1892, p. 251,

2¢t. M. Dawson, Trans. Royal Soc. Canada, vol. 7, sec. 4, 1. b4,

31, C, Russell, Nat. Geog. Mag., vol. 8, 1801, pn. 174.

+1f the rocks at a certain depth are near the point of fuslon, but are solid on account of the
pressure to which they are subject, the principal expenditure of heat would be in supplying
the “latent hent. of fusion.”
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.rise to the recent upliff is perhaps in part due to the erosion of the
Yukon and the Kuskowim rivers.

The effects of uplift are manifest all along this part of the southern
coast of Alaska, and were familiar o Grewingk, as well as later
writers. Haised beaches and almogt unsecarred baselevels at eleva-
tions of 100 feet, more or less, are very abundant. The Tertiary beds
are usually raised to a height of some hundreds of feet, while the
westorn end of Kadiak, Chirikof Island, and other localities seem to
represent very modern elevations. Grewingk suggests that the penin-
sula of Alagka, may have been a series of islands eomparable to the
Aleutians, and certainly if the coast were now to sink 200 or 300 feet
the peninsula would be resolved into several ingular masses.

A portion of the uplift seems to Dbe historical, Al a slight earth-
quake in 1868 the elevation. is said to have amounted locally ai Unga
to over 20 feet; the Isanotski Strait has become impassable; near St.
Michael, windrows of rotten driftwood lie far above the reach of gtorm
waves, and barnacle shells are found 15 feet above high-water marlk.!
Dr. Dawson records evidenees of recent elevation amounting fo from
10 to 80 foet at Unalaska, Attu, Bering Island, St. Paul Island, and
St. Matthew Island, while concluding that the Aleatian Isla,nds as a
rule have been unsubme1ged since the Miocene. '

Possibly the recency of the last uplift may explain the treelessness
of western Alagka. One of the most striking contrasts which the
country affords is that between the exceedingly dense forests of the
east and the absolute treclessness of the west. There is no apparent
elimatie cause for the sudden disappearance of the spruce west of a
line passing through Kadiak. The temperature scarcely changes on
a course following the eoast along this line. 'The rainfall maintains
the same superabundance, the winds are not severe enough to explain
ireelessness excepting in very expossd places, and the soil of wooded
Edgecumbe can not be very different from that of the treeless Alaska
Peningula, On tho other hand, salt-water straits with heavy tidal
currents might prove very effectual barriers to the advance of the
forests. If Bristol Bay was connected with Cook Inlet by the way of
Iliamna and Clark lakes in recent times, and if the western portion
of Kadialk was thon under water it would be quite intelligible that
the spruce should not have made its way to the westward oJ:‘ the
meridian of Redoubt, or 153°.

Bering Sea is, on the whole, a very shallow one. _About one-half
of its area is within the 100-fathomm contour, but there is a deeper
basin to the northward of the western end of the active voleanic belt,
whieh seems G0 connect by a deep channel with the adjacent floor of
the Paecific Ocean. DBering Strait is so extremely shallow that a
further rise of the country of less than 200 fest would connect the
continents of Asia and America. Were such an uplift to oceur the

P

1W. I. Pall, Alagls, and 1ts Resources, 1870, p. 445,
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iand would be continuous from the Cape of Good Hope to the Straits
of Magellan, excepting for the Suez Canal, or to the east coast of Lab-
rador and to Cape Finisterre. The continentul area would then be
unbroken except by man over more than 130° of latitude and 313° of
longitude, Tn the more philosophical sense of the word ‘“continent,” -
"in which the shoal-water plateau is recognized as continental, Asia
and America are already united, while Newfoundland and Ireland are
not insulated. 'There is no doubt that the two continénts were united
by dry land, perhaps more than onece, during the Tertiary.

So far as the ocean currents and the climatic features dependent
itpon them are concerned, the unipn of Agia and America would make
little or no difference. Mr. Dall hag shown the commonly received
-opinion that a branch of the Japan Current flows through Bering Strait
$0 be erroneous. His own observations and a careful diseussion of all
the known records show that the currents in the strait are chiefly tidal
“and that they are cool. *The strait is incapable of carrying a current
of warm water of sufficient magnitude to have any marked eflect on
tho condition of the Polar basin just north of it.”' When the land
in this region was at a considerably lower level, go that a free and
ample communication existed between the Pacifie and the Polar
bagin, more warm water must have reached the Arctic, and the eli-
mate of northern Alagks must have been relatively mild, as was long
gince pointed out.

FORM OF VOLOANIC CONIES.

The voleanic belt of Alaska shows many symmetrical cones of the
typo of Tnjisan. There are at least equally numerous cases in which
the eruptions have produced masses without marked gymmeftry, Tf
ig quite conceivable that when the voleanic conduit is vertical, its
cross section being nearly round and the ejecta mainly ash, the ejecta
ghould be symmetrically disposed about the orifice. When such gym-
inetry of conditions iz wanting, it is highly improbable that symmetry
of form would result. Hence similar lavas, under-cireumstances
which differ only accidentally, may produce mountaing of very reg-
ular or of very irregular geometrical character. While the conditions
broadly considerod or on a large scale may nearly approach symme-
try, it is substantially impossible that circumstances shounld be sensi-
bly uniform when the minuter details are considered. Hence regu-
larity, resnlting from general average, can reasonably be looked for in
the larger features of a voleanic cone.

‘When voleanoss are symmetrical—and sueh volcanoes are extremely
numerous-—the form is found to correspond, except in secale, o the
well-known. outline of Fujisan, in Japan. 'The generating curve is a
continuous one, so far as can be judged by inspection. Mount St.
Augustine, a view of which is given on PL X, is of this type.

1 Clonst and Geodetic Survey Rept. for 1880, App. 16
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Voleanic cinder cones a few score feel in height are comparable
with artificial heaps of loose material sloping at the ““angle of rest.”
The problem might be proposed to Gud, for a mass of loose, dry male-
rial, with a civeniar borizontal crosg-section and an indefinite velame,
the loftiest continuons geometrical form consistent with stability. The
solution, however, would not answer exactly to a voleanic cone with a
very small arater.  Tyen damp ash behaves differentiy from dry ma-
terial, the film of water between adjacent graing producing a powerful
adhesion through capillary attraction,' and there is no deubt that wet.
voleanic ash bardens, or “sets,” to o relatively fizm continuons mass,
VYoleanic cones are also composed in paré of lavae streams which have
solidified from the ligquid state, The voleanic cone, therefore, seems
to me to be substantially & continnonrs solid of finile height. In such
a masy the presswre per unit area on any horizontal cross-section may
be assumed to be aniform over the whole cross-section, while a conieal
heap of loose material exerts a pressure on the base which is very far
from uniform, being greatestat the axis.*  Bubwhile the mountainasa
whole is to be regarded as continuous, its external form iy determingd.
very lnrgely by the fact that it is built up of layvers, each of which con-
sisty mostly of ash at the time of precipitation, though it subsequently
consolidates to frmer material, . ) S .

A mountain thus formed must be subject to many vicissitudes, and
it ig 1ok to be supposed that such a methad of genesis can lead to an
invariable form. Neither does observation show that voleanoes ave
all of one shape, as was stated above, Thug Makushin, Pl 11, and
Bogoslof, L V11, are rregular masses. On the other hand, there
may be a theoretieal form to which voleanoes will approach vnder
favorable conditions of symmetry and when the ejecta are mainly.
ash, , _
The problem which seems most nsarly to correspond to the case of
the well-formed voleanic peaks seems {0 be this: To God the loftiesi
figure of given volume and continnous curvature which ean bo builg
up of sunccessive showers of ash, each ash layer being supposed to
become indurated after its deposition. Near the summit. the slope
will be determined by the angle of rest of the einder, and the radinsg:
of eurvature of the genervating curve musk be infinite ab this peint
Tn lofiy voleanoes the slope ean not be uniform throughout, hecause
the pressure per unil area on a horvizontal cross-zection of a rigid
right eone would be simply proportional to the height of the cone,
and the pressure would thug oléimalely exesed the resigtance.  Atfa
great distance from the sammif the lead per unit area may approach

tEvoryone is asvare thot fwo web glass platos adhere strongly. Tho points of contact of
moistenad sand gralng ave held togethor in the same wuy, Compare. Am. Inst. Min. Eng., 1804,
. 3L .

fIna vight come of loose maderial sioping ab 45% it 18 easy to show thai the prossare at the
center of the base would be proporiéionsd to bate the helght, while the average prossure on the
baso would be propovtional to one-third of the helght.
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the limit of rvesistance, and in the loftiest possibie voleano of given
volume this Hmit must be approached,

Let the summit be taken as ovigin, and let Lhe distance from the
summit, measured parallel fo the axis of the mass, e x Then y
Deing the vading, ¥ ¢ its differential cocflicients with reference o,
and o the radins of curvature of the cutling, if is well known that

At the sumamit pis to be infinite, while ¥ for y==0 is the cotangent
of the angle of vest and ig finite.  IHence /" must he wero, when y=0
and x=0, Now,assmwming the curve to be continuous, Himust also be

possible to express ¢ in terms of v, or, by AMaclaarin's theoren,

y=f =ay-+bythoaft L (1)

o, by and ¢ being constants of the form " F{0/ nt dyo.

When @ is great, the load on a horizontal section is to approach the
limit of resistance, go that if ¢ is the specific gravity of the material
and ¢ phe resistance per unit avea al the elastic fnit

o 5 Wreline= oy

The corresponding valne of ¥ is, by simple differentiation,

e .
Y= (=)

and Chis is the form which (1) must asswme when @ and i arve guffi-
ciently large.  Bul (1) can not possibly assume this form lor large
values of 7 unless b, ¢, otes, are all zero.  Flenoe, if there is any con-
tintous cnrve which will express tho conditions postulated, its differ-
ential aquation is of the form (2).7

A first Integration of (2) gives

A

ERTEI L

where @ is the tangent of the angle of rest. Now, this tangent is by
definition the ratio of the frictional resistance of a swrface to the
normal pressure of a body resting upon it This resistance can not
axeced the pressure which exeites I, and the valio can not exceed

VIt dg ot worth wliile toregard o as varinble; for, excenting near the sunumit of a voleano, the
doal compression will be nearly nniforn and for such materiatas vock the variztion of deusity
is extremely small wvithin the elastic Hinit
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unity. Illence the maximum possible value of the fangent of the
@

angle of vest 18 unity,’ ov, for the present case, #=1. This gives

== sinh ;, )]

where for brevity ¢ s written for 2x/o.
Tt is easy to see that this enrve answers {he conditions postulated.
The ratio of pressure to resistance for (3) may be written

.rj:j] -y"rr'.];'q:f _ ;3“,:{ ) v "
a 6y " '

cosh™
-

which continually approaches unifty for increasing values of = A
the sommil i and " vanish, so that the mdius of curvalure ab that
point is infinite.  Both conditions therefore ave fultilled.” :

]

1

)1(“

M. T—Fovm of voleanic cones,

i, 2 —Form of voleanic cones,

oo c e : .
The curve smhr.:y, gshown in fig. [, agrees remarkably well with

the form of voleanic mountaing as digplayved in photographs, and the

£ According to Woisshach, the maximurn angle of rost for sawdust is £ -

¢ The expresaion for the volume in (4} is found withous laber, as follows: To each member of
e fhr
plied by ¥ Then

e g e,
i

general. It is of the form,
o, b

e
E ¥ !'J"

e, the case lustrated in fig. 1 the load on the base is abowt 1920 of the resistance,
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ralues of x, deduced from cases where the scade is known, are reason-
able,! heing comparable with those of briekwork and rubble masonry.

It may reasonably be asked why a voleanic cone might not be come
posed of Lwo distines portions: first, a right cone near the summit, of
such dimensions as to exert upon its base a pressure per unit area
squal to tho resistance of the material; and, second, a pedestal of
logavithmic form and such dimensions that the pressure per unit aves
ab any level is the maximum which the material will bear.?

The elements of such a figure are easily computed. Buppose a log-
arithmic column generated by the revolution of

B
Y=1yt

trancated in sneh a manner that the tapering portion eut off will be of
voluwe just suficient to form a right cone of base my,® having o slope
of 45°.  Then the volume of the cone must he my? ¢/2, and I & is the

o}

height of the cone, 73 ity e ov hi=30/2. The height and radius

)
in a come sloping at 45° are the same, so thad h=y,=3 /2. The
cotangent of the angle al which the logarithmic column glopes at the
base of the cono i '

R
3 s cot 337 40,
2

Thas this figare would show an abrupt change of slope at the hase of '
the cone, the angle suddenty diminishing from 457 to 33° 40, The :

outline of this wass is shown by the full line in fig. 2 (p. 23).
It one nowsupposes a fresh shower of ashes te fall on such & moun- -
tain, none of the new material ean lodge upon the 457 slope, which -
offers mo adeguate frickional resistance. On the other hand, fresh

ash will Jodge upon the shoulder and graduaally back up onto the -

higher slope. Thus the shoulder would be built out ivnto™n sensibly
continuous curve. But the additional load, if confined to the neigh-
borhood of the shoulder, would overweight the lower portion of the .
pedestal, which would then yield and broadlen. The mass as a whole
would not necessarily vield if the fresh ash were distribubed over the
whola surface below the shouider. Now, such a layer would ovi-
dently build up the mountain to a form closely resembling the dotted: :
lines in fig. 2, which are in fact deawn from the equation :/ s=gin },

the locus of which 18 shown in fig. 1. Thus the discontinuoeus hypoth-
exis of the voleanic cone leads to resalis uitimately indigtingunishable
from the continuous hypothasis, but il serves to throw light on the

+ A graphic comparison of the continuons eurve with the outlines of Fujisan and several athor
voleanows will e found in the A, Jouy Seci, vol, 80, I&E, p. 280, Prof. Joln Milpe hasalso made
such comparisons, Trang, Seism. Soc, Japan, vol. 9, pavk 2, 1886, p. 270, ’

2n the logarithmic column the pressurve per unit aves abauy level iz constant, or, in other
words, the area of the cross-seckion s proportional to the volume of the evorlying mass, :
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process of evolution of the mountains. It appears that if a peak like
Tujisan were carved by erosion or other means into any form mnot
inconsistent with stability, fresh eruptions of agh would tond to restore
its present symmetry.

In diseussing the form of the voleanic cone I have assumed the
angle of rest as the maximum possible, i. e., 456°. This angle can
never be quite reached, and, as a matter of fact, the steepest talus:
slopes dip at about 40°. This iz of little consequence so far as the
theory of a continuous ¢one i8 concerned, becauso on the hypothosis
of continuity the maximum angle would then be found only at the
sharp apex of the mountain, while real voleanoes have craters of
finite size at their summits, In the disconfinuous hypothesis there is
a long straight slope, and this would necessarily fall as low as 40° if
the material were loose. The right cone would then infersect the
logarithmic pedestal at a point where its radins is 1.79¢ and where
the dip of the surface ig 20° 10. The average energy pobentializod
in the eontinuons mountain for x= 2.5¢, the ease shown in flg. 1,
would be about nine-tenths of that potentialized in the mountain
composoed of cone and pedestal, the volume being the same in each.

BOGOSLOF AND GREWINGK.

"The island of Bogoslofl appeared above the sea in 1796, and a neigh-
boring island, sometimes called Now Bogoslof, but for which Mr. Dall
hag proposed the name Grewingk, rose in 1883. Hach island has
undergone changes, and the more recent one has been photographed
at various intervals. The higtory of these iglands is a very inferest-
ing subject, but the data are by no means precise. Estimafes of the
- height of an island made from the deck of a vessel are very untrust-
worthy, and the fact that successive observers give different altitudes
iz not valid evidence that a change in elevation has intervened.
Even the photographs are unsatisfactory, sineé the precise position
of the ecamers iz generally unknown and the different photographs
are not immediately comparable. Mr. Dall* has condensed the
description of the birth of the earlier island ag follows: ‘

On the first of May [1796], according to Baranoff, a storm arose near Umnak,
and continued for peveral days. It was very dark all this time, and low noises
resembling thunder were continually heard. On the third day the sky became
clear very early,and a flame was séon arising from the sea between Unalaska and
Urmnak., North of the latter smokewasobserved for ten days. At the end of this
time, from Unalaska a round white mass was seen rising out of the sea. During
the hight fire arose in the same locality, so that objects 10 miles off were distinctly
vigible. An earthquake shook Unalaska, and was accompanied by fearful noises.
Yocks were thrown from the new volcano ag far ag Umnak, With sunrise the
noises ceased, the fire diminished, and the new island was seen in the form of a
black cone. 1t was named after 8t John the Theologian {Joanna Bogoeslova), A
month later it wag congiderably higher, and emitted flames counstantly. It con-

1 Aleska, and its Resources, 1870, p. 467.
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tinned to rige, but steam and smoke took the place of fire, Four years after nec
smoks was secn, and in 1804 the island was visited by hunters. They found the
gea warm around it, and the soil in many places too hot to walk on, If was said
to bo 24 miles around and 850 feot high. The soil emitted an odor of bitumen,
It ig 45 vorets, or nearly 84 miles, due west from the north point of Unalaska.
Tn 1806 lava flowed from the swmmit into the sen on the north side. IPissures
appeared, lined with crystals of sulphur. Veniaminoff gays that it coased fo
enlarge in 1823, when it was of a pyramidal form and about 1,500 feet high.
Thers are many strong currents about it, and a reef extends from a rock west of
it to TTmnak, .

Ancéwmage Aug. 73,7885,
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About half a mile north and west from the island was a perpendie-
nlar-square-topped pillar, called on modern charts ¢ Ship Rocek,” pos-
sibly, but not eertainly, identical with that so named by Cook.

" Mr. Dall gathered such information ag was available concerning
the new island in 1884.7- Captain Hagus, of the Dora, observed erup-
tive action in the locality in the summer of 1883, but the maximum
activity oceurred in October of that year. Soon after Captain IHague
reported the island as three-quarters of a mile in diameter and from

LSeience, Jan. 85, 1884. Prof. CGteo, Davidson also described it in the same jourmali, March 7,
1854,
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500 4o 800 feet in height. Sinee that time it has undergone various
changes. ) ' :

The island was visited by the U. S. revenue cutter Corwin, Caph.
M. A. Uealy commanding, in 1884, and in the report of that cruise
six photographs are published. Cowmparing these views with those
taken in 1891 and 1895, it appears that Bogoslof, the old island, has
ginee undergone no vigible change in outline or in apparent elevation
sinee the appearanco of the new igland, bul it seemed to Mr. Dall less
lofty than in 1880. :

In 1884, however, Grewingk was considerably higher than it now
is or than Bogoslof. It was rough and pinnacled and from one point
of view dome-ghaped. In 1891 it had assumed the fat-topped form,
which it still preserved in 1895. In 1884, ag shown by the Corwin
photographs and as mentioned by Mr. Dall, 8hip Roek had not disap-
peared, and a sand spit enveloping Ship Roek extended between the.
two peaks. This beach was reported continuous in ordinary weather,
though showing evidence of submergence in storms. In 1887 the con-
ditions seem to have been uhchanged, ag 18 shown by a rough sketch

1M1, 4.—8keteh of Bogoslof and Grewingk in 1887, by Mr. William C, Greenfleld.

by Mr. William C. Greenfield, kindly given me by him and repro-
duced in fig. 4. In 1891 Ship Rock had disappeared, and the photo-
graphs do nof seem to indicate continuous beach between the peals.
In 1895 an apparently clean passage nearly three-quarters of a mile
in width separated the two islands. The new island then appeared
to be not more than gome 800 feet in height. It still steamed vigor-
ously, though not violently, and was colonized o some extent by
golan geese. Holfataric decomposifion was progressing, with some
deposition of sulphur. There was no trace of present or recent vol-
canic activity on the old island, on which every available nesting
place wag occupied.

The sketch map of the islands as they existed ih 1895 was prepared
by Mr. Dall from inspection and some logging, but without survey.
Pl Il is from a photograph by Chief Engineer A. L. Broadbent, of
the Corwin. It is believed to have been taken sither in 1884 or in
1883, probably the former, and represents the southerly side of Gre-
wingk. Pls. IV, V, and'VI are from photographs taken by Messrs.
N. B. Miller and C. Il Townsend, of the United States I'ish Commis-
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gion steamer Albatross, in 1891, TPls. VIL, VIIL, and 1X are from
photographs by Mr. Puringfon in 1885,

The islands seem to he composed entirely of hornblende-andesite,
with some included fragments of diorile. Nothing sedimentary wasg
detected. The igneous material iz ash, agglomeraie, and tuff, no
golid flows being anywhere observed. The rocks will be described. in
detail in another porﬁon of this 1‘01)01'13.

81, AUGUSTINE VOLGANO

- Mount St. Augustine is a voleanic mountain forming an igland in .
Cook Inlet. Tt is charted as lying in latitude 59° 23 and longitude
158° 81' W. It was discovered and mamed by Caplain Cook, who
deseribes it ag of conical figure and of very considerable height, In
May, 1794, Yancouver! wrote: : :

Thig 1sland is stated by Mr. Puget to be about 9 leagues in cireuil; toward the sea
pide it is very low, from whence it rises, though regular, with a rather ateep ascent,
and forms a lofty, uniform, conical mountain, pregenting nearly the same appear-
ance from every poini of view, and clothed down to the water’s edge with snow
and ice, through which- neither tree nor shrub were seen to protrude

In 1880, according to Mr. Dall, 8t. Augustine measured 3,800 feeb
in height by angles fromdifferent stations, -The peak was not sharp.
It is possible that the height was increased at the last eruption, but
the rounding of the summit mentioned by Mr. Dall probably refers
to the appearance from the south.? N

The only historical eruption of Bf. Augusiine oecurred in the
autnmn of 1883, being eoniemporaneouns with. the rise of Grewingk or
New Bogoslof from Bering S8ea. On the mérning of October 8, the
atmosphere being very clear, the people at Port Graham heard a loud
report and saw dense volumes of ““smoke” issue from the top of St.
Aungustine. A column of steam is also said to have arisen from the
sea near the.island, and the water was so.agitated as to make landing
or embarkation there impossible. Twenly-five minutes after the
explosion a great earthquake wave, 25 or 30 feet high, eame in upon
Port Graham, and it was followed by others. The fall of ash at this
point, 60 miles from the voleano, amounted to 4 or 5 inches. A new
island, 14 miles long and 75 feet high, rose between St. Augustine and
the mainland, and a little harbor on the west side of the island was
filled up. It was reported immediately after the eruption that the
mountain had been split from base to summit in an east-west direc-
tion. This last statement is certainly an exaggeration. Mr. Ivan
Petroff made drawings of the mountain from three sides eight months
after the eruption. They represent it subsgtantially as it existed in
1895, and show that only a ghoulder of the mountain had been blown

1 A Voyage of Digcovery to the North Pacifle Ocean, hook 5, chapter §.
2 F_‘:cienm, vol. 8, 1884, February 25,



CE6E NI CLSEMHLEON FHL WO "40750908

ATAUNE WDISON03D CF R

HA TS LLEYD LE0d3 IVANKNY HLNIALHDE






BEORER.] ' . ST. AUGUSTINE. 29

out, exposing a gecondary cone within the remaining portion of the
outer erafier rim.! The view given on L. X partially shows this
break and gives a good general idea of the form of the mountain.

In 1895 tho mountain wasg still emitting steam in varying quantities.
- The variation could be observed in watching particular -vents, but
doubtless the apparent qunantity was affected by the relative humidity
of the atmosphere. At a distance of a few miles the steam was some-
times searcely vigible, while at one time if ascended to fully twice the
height of the mountain above the summit. On ascending to the edge
of the crater it was found that steam escaped {rom countless crevices,
mogst of them on the inner cone. This was blanched and reddened by
solfatario action, and masses were from time to time detached, rolling
down to the bottom of the deep moat which separates the outer crater
wall from the inher cone. So continuous was this disintegration as
to excite wonder that any moat remained. During the two hours
which I spent in watching on the outer edge of the crater, it was esti-
mated that not more than thirty consecutive seconds elapsed during
which masgges of rock were not clattering down that portion of the
inner cone which was in sight from my station. Though relatively
small, thege picces of rock were often many tong in weight., The
inner cone being nearly as high as the outer rim, not more than a
third of its surface was visible. 7

The outer crater rim was estimated at about 1,200 feet in diameter,
but wag perhaps wider than this, The inner wall of the outer rim
was nearly vertical, and showed well-developed columnar struciure.
The moat was 600 or 300 feet deep. The northwoestern side of the
outer crater was broken through, and a solidified lava stream extended
from it nearly to the water's edge, Evidently the ash must greatly
have exceeded the liquid ejecta in quantity at the eruption of 1883.2
The new island has entirely disappeared. It may have been a mass
of floating or lightly grounded pumice. :

The mountain is very largely composed of ash, but solid Iava is by
no means lacking. The prevalent type is apparently an asperite, or
andesite of trachytic texture, and clearly in the main a pyroxenie
rock, Portions of the rock are black and glassy, and on many masses
shrinkage cracks are very apparent:

The form of the mountain, as seen from the south at a distance of
a fow miles, is very symmetrical, and corresponds closely to the locus
. agsigned to such mountaing in another part of this reptrt. From this
point of view the actual summit appears rounded, a fact due to an
accidental irregularity in the lip of the outer crater wall. When

1 Prof, George Davidson collected the accounts of this sruption (Seienca, vol. 8, Fehrua.ly 18,
1884), Mo also showed me Petroff's drawings,

Tt i possible that Mr. Purington and I were the fival human beings to asesnd this pealk.
The natives avoid such places with superstitious drend, and fur hunters are generally too busy.
Icould not learn that the ascent had ever been made. It had once been attemptod without
BUCCERE, \
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ageending the mountain the local topography is found to be very
irregular, and it strikes the climber with astonishment that the dis-
tant view can bring general order out of such chaotic details. When
seen at a distance from other points of view, 8. Augustine is less reg-
vlar. There is a bit of a shoulder on ‘rhe southern side, and the
broken erater mars the symmetry from the north, but from all points
the tendency toward a symmetrical form is apparent.

PLAGIOCILASE :DETER]}[L;NATIONS.

- In examining the rocks described in this report pains was taken to
determine the species of the lime-soda feldspars by modern methods,
The differenco of refraction between a mineral and the balsam or
between two minerals in eontact, aceording to the method of Prof. F.
Becko, is often useful, and Prof. J. E. Wolff was good enough fo
determine for me the index of refraction (1.5393) of tho Canada bal-
sam uged in the final mounting of the slides of this Survey. Much
more useful still is the method which Prof, A. Michel-T.évy has dovel-
oped in two memoirs which should be in the hands of all petrog-
raphers.! Ii wasintended also that the Fédoroff table should be used
in connection with the examinations, but unforseen delays in procur-
ing this bit of apparatus preventod its application on an extended
scale. The method of Professor Michel-Lévy doos nof nocessitate the
uge of the Fédoroff table, at least in rocks which show an abundance
of well-developed feldspars.

In such rocks it is usually sufficient to deal with the foldqpar‘%,
which aro cut nearly perpendicular to the brachypinacoid (010) or gt
or o P&. When a crystal is cut in this zone, of course the albite twin
lamells extinguish at equal angles on opposite sides of the eross-hair
of the microgeope. When a erystal is twinned both socording to the
albite law and the Carlshad law, this fact can be detected by placing

“the trace of the twinning plane at an angle of 45° to the prineipal
sections of the nieols. The associated albite twins are then equally
illuminated and eease to be apparent. On the other hand, the Carls-
bad twins ave not then equally illuminated, so that a crystal twinned
according to both laws seems o resolve itself into a mere Carlsbad
twin. The Carlsbad junction commonly shows signs of interpene-
tration, and is broken or irregular, while the albite junctions are
straight, Supposing such a section in the zone under discusgion, one
has in general two sets of alhite lamellee, each extinguishing ab an
equal angle to the cross-hairs, but each pair at a different angle; and
furthermore, the orientations of the two pairs of albite lamellm bear
a definite relation to each other, because the difference of orientation
ig due to Carlsbad twinning. If angles in the zone are counted from
the front edge of the prism, and if one pair of albite lamells is cut by
4 plane making an angle @ with the front edge, then the other pair of

1 Btude sur Is détermination des feldspatha, 1894, Bame, second fascicle, 1888,
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lamellee is cut at an angle of 180°-¢ to the same edge. Professor
Michel-T.évy’s beautiful stercographic projoctions (first fascicle) show
. how the extinctions in such cases will arrange themselves. Ile hag
also plotted the extinetions for this particular zone, and shows that
when a compound albite-Carlsbad twin is cut in ths zong it can in
almost all cases ab once be referred to ils proper species and its proper
orientation.

By some mischance errors have clept into this diagram of the
extinetions of the feldspars in the zone of sgymmetry, and Lhave taken
the Tiberty of replotfing it on P XI (p. 36) from the stereographic
projections. T have also added plots of the extinetions at 10° from
the zone of symmetry in oither direction. In a thin gection of a rock
the chances are infinitely againgt any feldspar being cut with mathe-
matical precision in the zone of symmetry. Hence the question at
onge arises how the extinetions will vary in case the plane of gymmetry
ig glightly inclined. These supplementary diagrams give this infor-

mation at a glance and agsure the observer whether or no the varia-
tion of the orientation from the pOSIthD of exact gymmetry precludes
precise determination.

In a vory great number of cases feldspars exhibit traces of zonal
gtructure due to gradual variation in thé composition of the succes-
sively doposited layors of the crystal. Professor Michel-Lévy hag’
ghown in higssecond fascicle that if one regards the several plagioclases
as mere mixtures of albite and anorthite, instead of as independent
‘species, tho position of equal zonal illuminafion is absolutely char-
acteristic of the orientation of a feldspar in the zone of symmetry.
There is only one angle in each quadrant at which equal zonal illumi-
nation occurs, This method can be used, for example, in determining
when a erystal is cut so nearly perpendicular to the prismatic axis
that the extinetion of Carlsbad lamellse should be taken upon opposite
gides of the cross-hair. In that case the angle of equal zonal illumi-
nation can not exceed 11°. The angle of equal illumination as a
rule is less sharply determinable than, for example, that of equal
illumination of albite lamellss. ‘

In his second fascidle Michel-Lévy regards all the plagioclases
as mere mixtures of albite and anorthite, and deflnes the special
occurrences in percentaged. There is, of courge, a very greal amount
of evidence for this position, and, so far as fhe needs of the working
lithelogist are concerned, it is probably without sensible error. Af
the game time it may be-remarked that were there no dissipation of
energy accompanying the union of the albite and anorthite they would
not tend to unite. The liberation of energy corresponding to their
actual tendency to union must, one would think, be acecompanied by
 gome modification in physical qualities; but thls change, so far as
known, is negligibly small.

Mlchel Lévy’s new attitude toward the feldspars involves some
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slight changes in the diagrams. He has given a new diagram for the
extinetions in the zone of symmetry, showing the zero angle for the
same orientation in all varieties. He does not give a new set of
stereographie projections for the several species, and the means are
therefore not at hand for plotting tho extinctions at 10° from the zone
of symmetry. Tor this reason I have not redrawn the diagram given
above of the extinetions. The changes which would be involved
appear inconsiderable, and I have found the diagrams for wha; may
be ealled latitude &4 10° too useful to be willing to abandon tlem. Tt
should be noted that Michel-Lévy’s new fascicle gives glereographic
diagramg for microcline.! o

While the zone of symmetbry js the most useful one, and is usually
sufficient, where material is abundant, cases also arise in which other
parts of the stereographic projections are indispensable. When need-
ful, a gkillful use of the stereographic projections will suffice to deter-
mine almost any doubly twinned phenocrysts, however out, and
sometimes mere albite twing. With the aid of the Fédoroff or Klein
stages any phenocrystic albite twin can be determined, buf the use of
-such a table involves the application of low powers only,

While Michel-Lévy’s method of -Carlsbad twins, reforred to above,
is usually sufficient t0 determine the species of the feldspars of
* Primary generation in porphyritic rocks, it is not easily applicable
~ to.the microlitic feldspars of secondary consolidation. Such miero-
lites are twinned, according to both the albife and Carlgbad laws, less
froquently than are the phenoerysts; they are also often entirely
embedded in groundmass which obseures the extinetions, and rela-
tively high powers must be employed in examining them. - Neverthe-
" less, with ‘patience and good eyesight, determinations can oftén be
made. Sucli determinations have been used as a check upon another
method which presents no difficulties, and which will now be deseribed.

In studying the groundmass of lavas from Alaska and California,
- T have observed many minute, nearly squaro, sections of plagioclage
microlites.? These sometimes show albite twinning parallel to one
pair of sides, while in more numerous cases no twinning is visible.

1Taking albite sa Na,AISiBOE, molecular weight 268,56, and anorthite as CaAlyBig(s, moleculor
‘woight 279.00, 1 find the following pereentages of ancrthite In the several feldspars. Michel-
Lévy gives sorhewhat different values in his second faaciole, page 107,

Teld Bymbol. | aga of o
'eldspar, ymbol. age of gn-
T - Srthite,
ATBI® & oo oo e .. 0
Bodie oligoeclase ... e e . 20,96
Cnleareous oligoclase. . .. _.____ - - 28, 11
Andesine. .__.__________.___ g 48, 85
Bodic labradorite . G146
Calcareous labradorite ..___..__.. 58, 5b
Anorthite ... 5. 06

2The 1engﬁh of a gide Is usually less than $wo one-hundredths of a millimeter. Somatimea
there are two generations of microlites.
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They also in some cages exhibit a truncated corner. Tt appears
probable that these microlites are elongated in the direction of the
edge between the base and the brachypinacoid, and that they aro cut
nearly at right angles to this edge, being occasionally truncated by a
hemi-domal face. This suspicion is confirmed by comparigon between
the exfinctions of such square sections and those of microlites in the
game slides which show both albite and Carlsbad twinningg., An
elongation in the direction of this edge is also to be expocted from
Bravaig’s theory of erystallization; the two faces, base and brachy-
piracoid, being those of perfect cleavage. Where such mierolites
Present themselves it is easy to see whether they are cut perpendicn-
larly to their axes by following the microlite through the glide; for if
the little prism is inclined, the image in focus will shift laterally as
the objective moves, .

Now it happens that prisms bounded by these faces, and in a verti-
cal position, are very favorably -
situated for discrimination. This
will appear by examining Michel-
Lévy's stereographic projections
of the various feldspars at 90° to

‘thepolep, In thigneighborhood
there is a saddle in the extinetion

- surfacesof the feldspars (the cen-
tral point of the saddle answering
-to Michel-Lévy’s ““most frequent
extinetion™},and the consequence
is that an inclination of even 10°
atfects the extinetion of a square
mmicrolite section very little.
Furthermore, the difference be-
tween the behavior of different
feldspars is great, so that a con-
fusion between the different species is almest impossible, as may be
geen from the little table below,! :

In favorable cases the gign of the extinetion can be made useful in
the determination of these microlites, which are not really square.
In albite the faces ¢ (001) and & (010) make an angle of 86° 24/, while
in anorthite this angle bhecomes 85° 50/, The divergence from rect-
angularity is thus sensible, and the proper position of the erystal is
then with an acute angle in the upper left-hand guadrant (fig. 5).
When the hemi-domal faces appear, n (021)truncates the acute angle,
making sensibly equal angles of between 46° and 47° with the adjoin-
ing faces.  The other corresponding hemidome, ¢ (021), truncates the

c g

Fia. b—Crosg-saction of bacillar feldspar
naicrolite.

. 1Tn this table the percéutages of anorthite are given as they appear in Michel-Lévy's work.
Asg g mentioned above, these do not answer precigsly to the molecular formulas, bub whebher

. the formulad or the percentages need correction I am not certain.

18 ¢moL, pT 3 3
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obtuse angle and makes angles of from 42° to 43° with the adjoining
faces. Andesine and albite can thus be diseriminated when orienta-
fion ig practicable. Thig discrimination can be confirmed by testing
the index of vefraction. Andesine has about the same index of refrac-
tion as quartz, and a higher index than balsam, while albite has a
lower index than either.

Orthoclage microlites would be exactly squa,re they would not show
polysynthetic twinning, and the index of refraction is much lower
than that of oligoclase, Which like orthoclase, extinguishes at 0°,

Emtmctzon of nearly square. sections of feldspar microlifes eut within 10° of ihe
: pm‘pendwulm to the edge (001) (010).

Treldspar, Composltion. . HExtinction.
Anovthite .. _.__._oo___o__| Aby Ang, =96 % An _.| {42484
Calcareous-labradorite ... ____ Ab, An, =060 % An __ --88 38
Sodic lﬂ.bradorite”,k ............ Ab, An, —47 % An _. 4-264-21

ol Andesine. ... ....oooeoieen. Ab, An, =384 % An _. 16 8

Calcareouns oligoclage.. ... ...._| Ab, An; —28 % An __ -+ 4 14
Sodic oligoclage .,..._. s Ab, An, =18 % An _. 4~ 0 =14
Albibte .l Ab = 0% An_. —13 23

"It meed not be said that in many rocks the determination of the
‘microlites 18 quite as important as that of the phenocrysts, their
nunited volume often equaling or exceeding that of the larger crystals.
It is also extremely interesting to compare the character of the two
generations. It is usually stated or assumed that the microlites are
all of oneé speeies.” The examination of the square sections, of which
a dozen or two are often visible in & single slide, leads me to a differ-
ent conclusion. As a rule the majority do belong to a single species,
bul it is seldom that two or three out of ten do not belong to a differ-
ent speeies; in short, the microlites in the slides T haye examined show
an irregularity of speciesof the same orderas, and often greater than,
that of the phenocrysts, The square sections often show zonal struc-
ture, and nearly always the exterior portion is more alkaline than the
inner portion; but in a couple of cases this order was found to be
reversed. Ococasional reversals of this sort are to be found among
phenocrysts also.  These facts clearly show that even the regidual
mother liquor of a consolidating lava is far from homogeneous, even
over the area of a aguare centimeter, and therefore, also, that diftusion
in guch a liguid must be extremely slow, since diffugion would bring
about homogenelty

The existence of rod-shaped microlites, in connection with the faet
that some of them show Carlsbad twinning, throws some light on the
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origin of twinning, Tf Carlsbad lamellsm of bacillar shape developed
in contiguity but independently, they would form X-shaped orystals.
These are said to occur, but are not common in my experience.! In
-the baeillar microlites under disengsion one lamella has controlied the
development of the rod, and the other lamella has accommodated
ilgelf. Tt is dificult 4o seo how this could happen in mere crystalli-
zation, for why should one part resign its tendency to elongation in
the direction of the cleavage edge? On the other hand, it is well
known, from the investigations of Messrs. Max Baur, O. Mugge, L
van Werweke, J. W. Judd, and others, that there is mueh reason to
ascribe polysynthetie siructure largely to stresses called in play by
the cooling process, This theory wonld fully explain the bacillar-
microlites as well as some beautiful cases of bent phenoerysts where
twinning by various laws stands in manifest relation to flexure. It
wotld also afford an explanation of the fact, of which comparison has
convinced me, that twinning is less frequent in the microlites than in-
the phenocrysts, for the smaller the erystal the less is the chance
that external stresses upon it would reach the intensity needful to
produce mechanical twinning.

In the same connection it may be noted that stresses such as would
lead to the mechanical twinning of plagioelases would also set up a
mechanical solotropy in glass.  As a matter of experience, I have
found it extremely difficult to detect any absolutely isotropie base in
gome lavas which I had reason to believe contained a small amount
of glass. The faint variation of tints observed with the gypsum plate
between crossed nicols in such cases may, perhaps, have been duse fo
strain and not to crystalline symmetry of gtructure.

LITHOLOGICAL. NOTES.
GRANITE.

True gra,mte is widely distributed in southern Alaska, but so far
as the observations recorded in this report go this rock is of small
relative importance. The rocks which in the field might be taken
for granite are more often diorities. Dr. George M. Dawson reports
that the hornblende-granites of the coast ranges extend in two, and
perhaps in three, parallel ranges, with intervals, as far northward as
Fortymile Creek. Some of these granites have been described petro-
graphically by Dr. ¥. D. Adams.®* Dr. Dall menfions granite as
oceurring on the Yukon River at the mouth of the Tanana, and Lieut.
IL T. Allen vaguely mentions granite on the Tanana River.® Mr.
C. W. Iayes * also refers to rocks regarded in the fleld asg granite, at

1 That phenoorysts often take the form of fully developed Carlgbad twins inwell known,
2 Gleal, Natb. Hist. Burvey, Canada, Ann, Rept., vol. 8, part 1, 1887, p. 81 B,

% Rosonn. Tansne, Copper, and Koyuliul, 1887,

+ Wat, Geog, Mag., vol. 4, 1802, p, 180, '
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different points on the Taku River and along his path to the Copper
River, including the region northeast of Mount St. Elias range.

In the examinations made for this report, granite was found at
Juneau Island, which lies near the Alaska-Treadwell mine, at Funters
Bay on Admiralty Island, and at Hot Springs, Baranof Island. A
rock collected at the Bald Eagle mine, Sumdum Harbor, is probably
a granibe, but it is too much decomposed for satisfactory determina-
tion. The southern end of the ridge running along the wesierly coast
of Kadiak Tsland is called Saddleback, and is granitic, and bowlders
found on this coast secem to indicate that there is an area of the roek
of considerable size. Finally; on Nagai Island in the ‘Shumagin
group granite occurs, as appears from specimens in the National
Museum collected by Mr. Dall. ~

The granite from Juneaun Island is a coarse rock of originally nor-
‘mal composition, though now considerably decomposed. It hag much
original quartz, accompanied by orthoclage, albite, and muscovite,
both primary and secondary. The original ferromagnesian silicates
have disappeared, but secondary epidote in remarkably large erystals
and secondary muscovite are abundant. In a granite from Wrangell
Island Dr. Adams found epidote, which he thinks an original constit-
uent. The granite from Funters Bay is somewhat gneissoid and con-
tains much rutile, It is ‘a muscovite-orthoclagse rock, At the hoti
springs on Baranof Island the mass of the granite is normal and con-
tains orthoclase and albite with biotite, but there are also dark
gireaks in the rock (“schlieren®)} which contain much andesine-
foldspar. A pebble or bowlder from the west shore of Kadiak is a
normal muscovite-granite containing a certain amount of a feldspar
showing well-developed albite and pericline twinning, but not pre-
senting exactly the appearance of microcline. When examined on a
Klein table it appears to have an extinction curve not identical with
that of micerocline, bubt nearly parallel to it, giving extinetions of
4° or 5° less than microeline should. Such a depression would be
caused by the partial replacement of potash by soda, and the mineral
is probably one of the so-called anorthoclases. The other granites
mentioned above seem to call for no remark, '

-

DIORITES AND SODIUM-SYENITES. ‘

It was formerly the habit to divide feldspathie rocks into two great

. groups—the orthoelase rocks and the plagiociase rocks,! The prevail-
ing custom is now to draw the line of division between the alkali-
feldspar rocks and the soda-lime-feldspar rocks. The clagsification
of rocks ab the present day is a very arbitrary madtter, and it will per-
haps always remain so, yet there are cases in which of two possible

18ee for example U. 8, Geol. Mxpl. Rortlsth Par., vol.§,1876, by Prof. P, Zirkel, who, on the sub-
ject of definitions, I8 an excellent authovity.
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groupings one has advantages over the other. The union of the sodium
and potassium feldspars preserves a chemioal type, since both of them
are polysilicates, although one member of the group erystallizes in a
‘different system from the others. The fundamental idea of this
grouping seems to be that sodium and potassium are so closely allied
hat they should not be divided, yet it is well known that they do not
form parallel series of compounds, sodium salts being more closely
isomorphous with those of lithium and silver than with the other
alkalies, K, Cs, Rb, Am.!

But even the chemical type is not preserved in both rock divisions
by this classification. Schuster defined albite as ranging from Ab,
An, to Aby An,. If the feldspar of a diorite is Ab, An,, then 824 per
cent of this feldspar is sodium-aluminium polysilicate. Now, ordina-
rily, majorities rule in lithology; and if alkalis are to be pitted against
calcium, it would seem more rational to draw the line of demsgreation
at (Ab, Or); An;. Such a distinction has been proposed between
andesites and basalts, and in my opinion it would be more expedient
in the case of granites or syenites and diorite than that at present
received.

On the other hand, the ecalcium-sodium-feldspars form a continuous
geries, the most important in the whole field of petrography. This
group of minerals forms an entity, if there is such a thing in miner-
alogy, and naturally thig entity embraces both extremes, both of the
two components which in mixture form the series. Is it rational to
malke a single group of all of this series excepting one of the extremes,
and to class this indispensable component in a distinet group? To do
80 is to ignore the serial character of the feldspars, and that without
any compensating theoretical or practical advantage. It appears to
me also less consistent with the occurrence of rocks than a division

intoa potassium-feldspar group and a sodium-caleium-feldspar group.

Normal diorites with a large predominance of the albite molecule are
common, and there seems to be.a complete gradation to a substan-
tially pure albitic rock. ' Normal granites are characteristically ortho-
clastic or microclinic; granites with feldspars which may be written
Ab, 01-1, Ab, Or;, Ab, Or; are not common. The ““sodium-granites”
and ‘““sodium-gyenites,” furthermore, appear to occur rather as dikes,
- and in regions where diorite dikes are abundant, than like granite, in
vast massifs; and there are other indications which point in the same
direction. ThIB aspect of the matter, however, would require mono-
“graphic treatment.
While, then, in compliance with prevailing custom, I shall use the
term sodium-syenite in this paper, I do so with reluctancé, and believe
that sodium-diorite or albite-diorite would be a more suitable term.,

1 Among other instances in the mineral kingdom, consider leucite and jadeite, The empirical
formula is the same, excepting that one is a sodium compound and the other is a potassium com-
pound, but there the likeness ends,
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TREADWELL SODIUM-SYENITIH,

T'rom an economic point of view the syenite of the Treadwell-Alaska
mine is the most important in the Territory, for it is in this rock thab
the greater part of the famous gold deposit oceurs. The mass is fis-
sured or reticulated; the fragments are surrounded by ore, and are
impregnated with it, as will be more fully set forth in describing the
mine. Most of the rock is greatly decomposed, as may be inferred
from its relation to the ore, and it is not an easy matter fo ascertain
its original character.! Much pains was taken fo collect the besb
material available for examination. In an unaltered state thisgranu-
lar rock consisted mainly of albite. A considerable amount of oligo-
. clase was intergrown with the albite, and more basic plagioclases
existed in verysubordinate quantities. The ferromagnesian silicates
have disappeared from most of the specimens, and it is imposgible to
gay in what proportion the various minerals of this group were origi-
nally present, but the indications are that augite predominated over
hornblende, with some local exceptions. Biotite was also an original
constituent. As aceessory constituents, the rock contains apatite,
zireon, and (in association with biotite) rutile.

The freshest specimen of the rock obtained is a fra,gm.en'['. included
in gabbro (specimen 90). It contains more quartz than most of the
rock, and the albitic feldspars are often broken into fragments, as if
the specimen represented a pyroclastic facies of the syenite.

Quartz is not abundant in the slides, and in almost all cases in which
this mineral is determinable by the help of Becke’s method it appears
to be secondary. There is a considerable amount of unstriated feld-
spar, all of a smaller refractive index than Canada balsam. This
feldspar, however, does not present the typical appearance of ortho-
clase under the mieroscope, and chemical tests appear to preclude its
determination as orthoclase. The followingisa eomplote analysis, by
Dr. W. F. Hillebrand, of specimen 95, which is one of the freshest in
the collection. The analysis, when reduced to molecular terms,
shows that the feldspar should be almost pure albite.

1 This mck wag deser ihad by Prof, I, D, Adams from a few small specimens as granite. The
seantiness of the materinl and its decomposed character no doubb account for this reference,
Am, Geologist, August, 1869,
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Analysis of Alaska-Treadwell syenite, No. 95,
[By Dr. W. F. Hillebrand.]

Per cent,

S0, o 68,01
Ti0, e e .18
ALO, . .| 18,48
Fe,0y s .06
FeO . .82
MnO ... ...... [, .06
CaO .. 2,66
BrO .. trace
BaO ... .02
MgO_ .. 06
KO . - .89
Na,O .. 10,01
H,0, below 110° C...._... .05
H,0, above 110° C___.. .. 27
POy oo e .06
FeS, s . 2.10
COp e 2,01
Total ... ... ... 09, 69

There is thus twenty-five times as much soda as potash in the rock,
and even if the whole amount of potash were present as pure ortho-
clase the quantity of this mineral would be trifling. On the other
hand, most albite eontains as much potash as this analysis shows.
The analysis also indicates that there is a deficiency rather than an
excess of silica, so that the effect of the partial decomposition of the
feldspar has been to remove gilica. Another specimen (76) shows
feldspars similar to those of the rock analyzed. A test was made on
the thin section with hydrofluosilicic acid, the result of which was to
show abundant soda but no sensible amount of potash. Tests by the
same chemical method were made also on doubtful feldspars in other
slides of this rock, and specific gravity determinations of the mineral
were regorted to in still other cases. All gave accordant results.

The decomposition which this diorite has undergone is manifold.
The large amount of calcite present can hardly have been derived
from the decomposition of the plagioclases, for the anorthite molecule
plays a very subordinate part in the compogition of the rock. On the
other hand, in the reticule of stringers intersecting the rock quartz.
vastly predominates, though not to the total exclusion of caleite.
Hence, just as in the Ophir district, studied by Mr. Lindgren, it seems
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that ealeite in solution has probably permeated the rock, leaving the
silica mainly in the fissures.® :

Pyrite is abundant in the rock as a secondary mineral, and is often
intimately associated with the calcite. This pyrite might have entered
the rock as a solution of iron sulphide; orit may be that it is the result
of the action of a solution of sulphydric acid on the ferrous-rock com-
ponents. I incline to believe that the pyrite is mainly due to the lat-
ter process, for reasons which will be stated in discussing the ore.

. That epidote and chlorite should be found in the decomposed rock is
almost a matter of course. Zoisite also occurs in some slides as a
decomposition product. A green miea is found in some of the slides
in guch intimate association with the calcite and pyrite as to leave no
doubt as to its secondary character. )

Mr. Turner informs me of an oceurrence in California which deserves
to be noted in comparison with that of the Treadwell. Itis a sodium-
syenite dike to the eastward of Moccasin Creek, Tuolumne County,
which is mineralized to a considerable extent, portions of it contain-
ing low-grade gold ore.

OTHER OCCURRENCES.

Besides the Treadwell rock the only albitic syenite met with oceurs
as a dike in the granite near Hot Springs, on Baranof Island. This
dike presents a somewhat peculiar appearance under the microscope,
the feldspar being very imperfectly striated and being mingled with
the hornblende in ragged shreds and patches rather than in defined
crystals. The hornblende is present in greenish-brown needles, many
of them being skeleton crystals, and usually possessing sharp out-
lines, indicative of early crystallization. The only other original
constituent appears to be iron ore, mostly octahedral in form, but
seemingly accompanied by a certain amount of leucoxene, The rock
appears to have chilled rapidly and the féldspar is clearly the young-
est constituent. It has a lower index of refraction than balsam and
gives extinetions appropriate to albite.

At the Lane and Hayward, and the Bennet properties in Silver
Bow Basin, there are three dikes parallel to one another and about
6 feet wide. The rock is a diorite, the feldspars showing an ophitie
structure, though there is no augite present. Hornblende and biotite
are the ferromagnesian silicates, and magnetite and quartz in small
grains fill the spaces between the larger crystals. Chlorite, epidote,
and muscovite are present as decomposition products. The feldspars
are not well twinned and do not show good crystal outlines; a few,
however, are in a position to be determined and prove to be more or
less caleareous labradorite.

The diorite from the Bear mine, in Berners Bay, is coarse and gran-
ular, and bears considerable resemblance in hand specimens to the
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rock of the Treadwell mine; under the microscope, however, it appears
- considerably more idiomorphic and the feldspar is much more anor-
thitic, ranging from acid labradorite toward albite. The ferromagne-
sian silicate is chiefly hornblende, which is present in very considerable
quantities. Thereis a small amount of original quartz in this rock.
Zoisite and the usual decomposition produets of ferromagnesian sili-
cates are present. The rock at the Comet mine is similar to that of
the Bear. : :

At Karluk, on the northwest coast of Kadiak Island, there are mag-
nificent cliffs of an interesting hypidiomorphic diorite. The face of
the cliffs, of which a general view is given on Pl XII, is partly
gray and partly black, the two colors manifestly belonging to allied
rocks, which, however, are so mingled that it seems impossible to
determine by mere inspection whether they represent successive
intrusions, imperfectly separated masses, or a partial solution of one
material in the other. The rock is extremely fresh, and under the
microscope is seen to vary in composition with the color. The gray
rock is a quartz-diorite containing hornblende, biotite, and labra-
dorite. The analysis of this rock given below, made by Dr. W. F.
Hillebrand, evidently answers to the composition ascertained under the
microscope. .The dark streaks and patches are more porphyritic than
the gray portions just described. -They consist of a peculiar reddish
feldspar with the optical qualities of anorthite, embedded in a ground-
mass composed mainly of green horriblende, a little biotite, and quartz
mingled with some feldspar. The microlites of the groundmass as
well as the phenoerysts are anorthite. Needles of apatite and grains
of magnetite are also present. The black diorite contains much more
lime and much less soda than the gray material, as the partial analysis
given below shows. Considering the relations of the chemical com-
position, it appears to me probable that the dark material in this
diorite corresponds to the blebs so often found in granite and grano-
diorite, and that while the two materials have always been assoelated
they haVe never been thoroughly mingled.
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Analysis of Karlule diorite.
[By Dr. W. I, Hillebrand.]

Rarluk di-

Reslgledt| N 1
No. 218, (fe:::"gﬂlrf'g'

facies).

$I0; - ee e 6158 | 54.28
o T, e e Y R
ALO, woom it e | AR89
O 2,10 |o...o...
FOO oo et o] BUBO [
MnO . oo e J) O

0a0 o, S 6.49 8.88
BAO oot e 1T IR
b1 7210 TSR I3 B PGSR

oo SO .51 C .64

Na0 ..o... S 3. 04 1.99
H,0, below 110° O ..o, A6 |
H,0, above 110° O._.____.__......_. 126 joo..oao.o
120 R RS - I .
oS, ceer eanes e R 06 |
T 100,88 [eeonenes

A very handsome.diorite oceurs abundantly in and about the island
of Unalaska. This rock has often been referred to by previous visit-
org ag a granite. It occurs at Captaing Bay and on Amaknak Island,
and seems to be abundant through the interior of the larger island,
occupying a considerable area in the Amber Range east of Makushin
Bay. In its typical occurrences this rock is remarkably fresh. The
feldspars were found to range from andesine to bytownite, the major-

- ity lying between acid and basic labradorite. The ferromagnesian
gilicates include biotite, hornblende, and augite, of which the first is
the most abundant. The hornblende and augite are frequently inter-
grown. The rock contains a very moderate amount of quartz, most
of which occupies interstices between the hypidiomorphie silicates.
The various occurrences differ from one another chiefly in minor
variations in the relative quantities of the constituent minerals.

On the island of Bogoslof a fragment of granular rock was found
included in the andesitic lava. This ineclusion is a diorite of the
same general appearance as that just deseribed, and showing under
the microscope a composition indistinguishable from that of the
Unalaska rock. No doubt the andesite broke through earlier intru-
sions of this rocl, which is, of course, allied in composition to the
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more recent lava. It is probable that the two rocks represent recur- -
rent phases of eruptivity.

Another rock similar to that of Unalaska was collected by Mr, Dall
many years since at Nushagal, on the north shore of Bristol Bay.
Some of the feldspars in this rock appear to be somewhat more alka-
line than the diorite of Unalaska. My, Dall’s collection also contains
a diorite from Saranna Bay, on' the island of Atth, the westernmost
possession of the United States. It is a fine-grained granular rock
consisting chiefly of labradorite, hornblende, and augite.

PYROCLASTIC DIORITH.,

A very peculiar rock occurs in the mneighborhood of Sitka, and

appears also to be of very widespread occurrence throughout the Ter-
ritory of Alaska. So far as the neighborhood of Sitka is concerned,
this rock long ago attracted the attention of geologists. The first
deseription appears to be by E. Hoffman, in his Geognostic Observa-
tions, collected on a journey around the world in 1829. He says, in
substance: In the neighborhood of New Archangel. the rocks consist
of a fine-grained, siliceous graywacke, which contains clay-slate in
long and short strips, and sometfimes alternates with this rock asif
interbedded. This remark apparently refers to the oceurrences at
the mouth of Indian River, on the easterly gide of the river, where
there are a number of tidal islets upon which the rock can be observed
with great facilify. At this locality the material is rather fine-grained,
and exhibits no schistosity, though showing many irregularly dis-
tributed joints. TIf contains blebs similar to those found in diorites,
andesites, and other igneous rocks, distinguished from the main mass
by their darker color and finer grain. The rock here containg numer-
ous masses of slate, which is thoroughly cleavable and often coal-
black in color. These masses of slate vary in size from 10 or 20 feef
in width to the smallest dimensiong; indeed, in portions of the rock
the mass is peppered with minute chips of slate no more than a quar-
ter of an inch thick, The larger masses of slate strike with very
considerable regularity about N. 40° W., true, and they contain
stringers of the imbedding material. It is proper to observe that the
complete cleavage of fhe included masses of slate indicates that the
intrusion of the pyroclastic mass occurred after the country had been
affected by the slaty structure.

The same rock is found in very widely dispersed localities else-
where. It constitutes the main part of the country near Silver Bay,
where it is olearly intrusive. It was found on the little island of
Ugak, near Kadiak Island; it is believed to exist at the mouth of Cop-
per River, Prince William Sound; it was found at the head of Cook
Inlet, on Turnagain Arm; there is a probable occurrence of it on the
northwest side of Red Cove, Popof Island, and a specimen has been
inspected from Nushagak, on the north shore of Bristol Bay; if occurs
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in pebbles on the west shore of Kadiak Island and on the south side
of Kachemak Bay, Cook Inlet. It would seem from the descriptions
by Mr. H. P, Cushing?! that the same rock occurs on the north shore
of Glacier Bay near the Muir glacier. Specimens of this rock, how-
ever, were not submitted to Prof. George H., Williams for microscopic
study. _ o .

While the field oteurrence of this rock seems to leave substantially
no doubt of its intrusive character, slides examined under the micro-
scope present an extremely unusual appearance for an igneous rock.

Specimen 172, from the mouth of Indian River, has been selected as
a type. The hand specimen shows a blackish-brown mass with an
almost equal proportion of white grains, which under a lens are seen
o be incomplete grains of quartz and feldspar. Under the microscope
it is found that this rock contains phenocrysts retaining to a consid-
erable extent the form of dihexahedra. '

This mineral is accompanied by striated and unstriated feldspar in
small amount, together with relatively few pyroxene orystals and
irregular fragments of black slate. The groundmass forms a rela-
tively small proportion of the slide. The augite phenoerysts, which
are few in number, have idiomorphic form in only one or. two. cases.
There is also one remnant of dichroic brown hornblende. Biotite
existed in the rock when fresh, but it is now almost converted into -
chlorite, The rock contains chlorite, caleite, and muscovite as sec-
ondary products. The feldspars are partly striated, and all such
refract more highly than Canada balsam. The feldspars can be deter-
mined only with difficulty by their optical characters, but one sharp
determination was made for oligoclase. They are faulted to a very
great extent, and in one case a very beautiful micropegmatitic struc-
ture is visible. They are also to a considerable extent decomposed,
and some of their outlines are entirely filled with decomposed prod-
ucts. The unstriated feldspar, if there be any such, is indeterminable
on account of decomposition. The most numerous phenocrysts are
those of quartz. These have undergone nodecomposition, and in some
cases have retained their original outline, namely, that of short, dou-
bly terminated prisms. The quartzes are much the most remarkable
of the rock components. In a great majority of cases they have been
crushed and exhibit a fairly regular dynamic cleavage, the planes
being apparently parallel to the pyramidal faces  or 2, these cleavages
being nearly at right angles to one another. These appear to corre-
spond to Reusch’s Gleitflaechen, which Professor Judd has described
as developed in crushed or strained quartz. The groundmass of the
rock is difficult to distinguish from areas of decomposition and accu-
mulations of fragments due to dynamic action. Areas of closely
packed feldspar microlites with low-angle extinction seem, however,
to represent the real groundmass.

1 Nat, Gteog. Mag., Vol. IV, 1802, p. b7,
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From the above deseription it appears that the microscopic charac-
ter of this rock resembles that of a sandstone almost as much as it
does that of anigneous rock. Nevertheless, it presents features which
seem to be clearly igneous, and taken in connection with the field
oceurrence, the only explanation seems to be that the mass has been
intruded, not in the condition of an ordinary fluid magma like that
of modern lavas, but in a semigolid, more or less pasty state, an emul-
gion so stiff as to permit of rupture of the minerals in the process of
forcible injection. KEven on this hypothesis it is difficult to compre-
hend how such minute comminution can possibly have taken place.
That an occasional quartz should be broken ig not strange, but that
so large a proportion of the quartzes should have a superinduced
cleavage is extraordinary. It was only after many tests that I was
able to convinee myself of the true character of this mineral. Two
specimens of the rock have been analyzed by Dr. W. F. Hillebrand.
One of these is the specimen 172, from Sitka, already described, and
the other was collected on Bear COreek, in Turnagain Arm, some 500
-miles from 172, The analyses showed the following composition:

Analyses of pyroclastic diorite.
: [By Dr. W. I, Hillebrand.}

Sp%g?izr.nan Spu?cggmn
80, oo e G0, 94 62, 92
415 16 N fuemmnes=nn ————- .80 L84
ALO, (ol e 18,74 14. 29
Fo,0p ... e P .49 .84
FeQ oo e e e 5.21 4,606
WO e trace trace
MnO e e s L1 .15
(670 N 2.87 2.79
S0 . o e trace trace
BaO oo e 12 .10
MgO. .o oceen s S 2.88 8.14
O S - 1,68 1.89
B o S 2.80 4,80
LiO el [ trace trace
ILO below 11090 e e .21 -
H,0 above 110° Gy oot 2,59 2.84
POy e e .21 .13
T0S, - e i A1) T .82
GOy e e .59 1.24

Carbon from carbonaceous matter. . R0 |l

e ? s
) Total ooooooeoeoeeae.| 100,25 | 100.10
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It will be seen that these analyses show a strong likeness to each
other. When reduced to molecular terms it appears that No. 172
ghould contain an average feldspar intermediate between andesine
and oligoclase, but nearer the latter than the former. The metasili-
cates and free quartz should be prédent in about equal molecular pro-
portions. In No. 283, from Bear Creek, Turnagain Arm, the feldspar
is, orghould be, oligoclase. Themetasilicates and free quartz are pres-
ent in about the same proportions as in the Sitka rock. The extent
of the ocourrence represented by No, 283 is quite unknown and may be
great. _

A fow notes may be *‘made on other specimens of this pyroclastic
diorite. No. 174 is from a dark, elongated bleb in the rock near
Sitka. Its dark color appears to be due to an accumulation of brown
hornblende accompanied by very small amounts of augite. The
unstriated feldspars in this specimen are less refracting than balsam,
and must, therefore, be either albite or orthoclase. - In one section a
feldspar appears with rectangular cleavages and extinctions parallel
to the cleavages, determining it as-orthoclage. At least one striated -
albite also oceurs in this slide. There are, furthermore, areas which
remain nearly dark between crossed nicols and which seem: to repre-
sent a partially devitrified glass. Specimen 32 is from the same
locality and is chiefly remarkable for the number and variety of the
forms of perthitic intergrowths. Micropegmatitic and granophyric. -
gtructures are not uncommon in this slide. Among the larger feldspars
some were found to be oligoclase, and one was determined as andesine.
The slides from Silver Bay and its neighborhood call for no special
remarl, being in general extremely similar to those from the mouth
of Indian River. The microgranitic, microperthitic, and granophyrie
structure of the groundmass in some of these slides is, however, more
pronounced than in the Sitka specimens.

The more western oceurrences of this rock do not differ in any note-
worthy sense from those near Sitka and on Silver Bay., While the
pyroclastic diorite at the mouth of Indian River shows little or no evi-
dence of a secondary schistosity, and the included slate is evidently

“ of a totally different origin and greater age, on Silver Bay a consid-
erable proportion of the diorite in question has been reduced to a
schistose condition by movements subsequent to this intrusion. The
same is true of the occurrence on Cook Inlet and elsewhere; and in
many cases, although the diorite seems to alternate with slate, the
slate is merely an altered form of the diorite itself. Tn all cases
where the rock could be collected in a state fairly free from induced
schigtosity, the microstructure was found similar and gave evidence
of a very intense comminution prior to the final solidification of the
Mass,

Concerning the age of the pyroclastic diorite there are few data.
That it is pre-Tertiary is certain. On Cook Inlet it certainly appears
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much older than the almost unmetamorphosed Jurassic rocks of:
" Tuxedni Harbor. Carboniferous strata are now known to exist at
several points in the Alexander Archipelago, and such may be the
age of the slates associated with the pyroclastic diorite. This rock
may also be as young as the Jura.

GABBRO.

One of the important rocks of the Treadwell mine is a heavy intru-
sion or dike of a green, granular material, regarded in the field as a-
gabbro.  All of this rock is in go advanced a stage of decomposition
that a satisfactory examination is imposgible. It is composed chiefly
of augite and plagioclase, the feldspar, however, being so clouded
that its species is indeterminable. While a majority of the specimens
must be classed as granular or hypidiomorphic, a few are distinctly
porphyritic. In these last the groundmass has ophitic structure, so
that taken alone the term porphyritic diabase would fitly deseribe
them. Considering their relation to the mass-as a whole, these speci-
mens must be regarded as a porphyritic facies of the gabbro. The
analysis, by Dr. W. F. Hillebrand, given below, is clearly that of a
basic rock with feldspars, probably belonging to the labradorite series.
The augites are largely decomposed to chlorite and epidote, while
the feldspars are replaced by aggregates of muscovite, calcite, ete.
The amount of magnetite is, on the whole, small. * In some speci-
mens hornblende oceurs as an original constituent associated with
augite. At one point in the Mexican there is asbestos in the green-
stone. In portions of the mine this rock has assumed a somewhat
schistose structure.

Analysis of gabbro from the Treadwell mine.

' [By Dr. W. T. Hillebrand.]

Per cent.
1o YR 48,18
Ca0 e 8.7
RO e 1,99
1P ¢ JOR 8.11

A float rock was found in Sheep Creek Basin which bears much
resemblance to the gabbroitic material of the Treadwell mine. Tt con-
tainsg some hornblende, as is the case with some of the Treadwell rock,

A gabbro occurs as the southerly bhounding wall of the Grewinglk
glacier on Kachemak Bay. The structure is granular, and the ferro-
magnesian gilicates are olivine and augite. The former predominates,
but ig largely converted into serpentine. The feldspars in this rock
are so clouded with decomposition products as not to be capable of

'
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‘identification. Doubtless fresher specimens might have been col-
lected in the neighborhood. These were taken at the glacier wall on
account of the relations of the glacier to the dlamt.egramon of the
mass.

DIABASE,

' The only porphyritic pre-Tertiary pyroxene rock collected was found
on the dump of the Tellurium mine at Funters Bay. The country at.
that point is so covered in with vegetation and moss that the exposed
rock is almost a vanishing guantity, and even the excavation from
which this specimen came was filled in. This diabase is in all proba-
bility a dike. If shows large porphyritic crystals, recognizable with
the naked eye as pyroxene and under the microscope as augite. The
roclk is somewhat remarkable for the extreme decomposition of the
feldspars in connection with the very fresh augites. The feldspars
are recognizable only by their outlines, now filled with sericite, cal-
cite, secondary quartz, and other decomposition products. The out-
lines, however, are entirely similar to those of labradorites in fresh
diabase dikes, and there need be lititle hesitation in asserting that the
feldspar phenocrysts belong in the labradorite series. The ground-
mass still containg augite, but it is naturally more decomposed than
the phenocrysts, and shows a considerable amount of epidote and
chlorite. This fact and the state of the decomposition of the feldspars
make it difficult to study the groundmass, but it appears to me that
the last material to consolidate was pyroxene. The slide contain
some magnetite. ' ' : :

- SCHISTS.

Eruptwe schists.—A few schistose rocks were met with which seem
to be of unquestionable eruptive origin, though now so thoroughly
metamorphosed that the original character of the rock is obscured.
The best of these occurs on Bear Bay, an arm of Silver Bay, Baranof
Island. It is a saussuritized, plagioclase rock, and the ferromagne-
gian silicate is hornblende, probably of paramorphic origin. The
feldspars which remained intact are labradorites of both varieties, but.
most of the feldspathic constituents are disintegrated with the develop-
ment of zoigite and muscovite. Some garnet is also probably second-
ary. The hornblende is green, coarsely fibrous, ragged, and strongly -
pleochroic, decomposed in large measure to chlorite. The rock car-
ries magnetite and some pyrite. Asismanifest from this deseription,
this schist strongly resembles many hornblendic schists derived from
augitic intrugive or evuptive masses. In this case no direct evidence
is at hand that the original rock was pyroxenie.

A somewhat schistose rock oceurs on the northeast side of Gashneau
Channel, along the beach about 2 miles to the southeast of Juneau.
As seen in the field, it is a brownish-green rock with veins of calcite,
indicating alteration. Under the microscope the schistose structure
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is less evident than in the hand specimens. The feldspars, however,
are much disintegrated and are determinable only in a few cases.
These seem referable to oligoclase. The most prominent congtituent
is a colorless amphibole (tremolite), oceurring in short, rather well-
developed prisms which extinguish at about 15°. Nearly every one of
these crystals contains flakes of biotite, varying in tint from nearly
colorless to deep brown. The amphibole and mica seem to me to be
coeval, secondary minerals, Theslide contains much caleite and other
ordinary decomposition produets. The original rock may very prob-
ably have been diabasic. ‘ '

At the Taku mine, Silver Bow Basin, a large mass of pyrrhotite is
accompanied by schistose rock similar to that just described, but in a
more decomposed state. The amphibole in this rock is light green in
color, but is associated with biotite in the same way as in the beach
rock. Quartz and magnetite are also intimately mingled with the
hornblende. There are remnants of plagioclase, but they are not
determinable. ' '

At the site of old Sitka, some 6 miles to the north of the present
settlement, a little prospecting was in progress at the time of my visif.

" The quartz stringers were in an extremely fine-grained, greenish roclk,
~which ig composed of minute hornblende needles mingled with tiny
graing of quartz. Such schists are known to oceur as the result of
the alteration of eruptive rocks, and it seems on the whole more .
probable that this material is igneous than that it is sedimentary.

Sedimeniary schists.—The main mass of the country rock in Silver
Bow Bagin is of sedimentary origin. It is a schistose material, fhe
greater part of which consists of quartz grains: Some of them are
probably of granitic origin and are full of inclusions; others have
recrystallized. Brown flakes of biotite occur along what I suppose to
have been surfaces of relative tangential motion. A earbonate, which
is certainly in part calcite, is digtributed through the slides in patches.

~ This carbonate probably contains a certain amount of magnesia, cor-
responding to the magnesian mica. A small quantity of magnetite is
present, and a few grains of garnet, partially decomposed. The mica
has decomposed in part to chlorite, and the rock carries a little pyrite
irregularly disseminated. It is not improbable that this sulphide is
due to the action of sulphydrie acid on magnetite or biotite.

A specimen of sedimentary schigt from the Gould and Curry prop-
erty in Sheep Creek Basin is amphibolic. Rays vibrating parallel to
L are of distinetly bluish tinge. The cleavage of the amphibole is
very strongly marked, but it can nof be called fibrous in the mass of
the rock. The slide containsg a beautiful little vein, which is filled
with quartz, calcite, and fibrous amphibole. All of these minerals
seem to have crystallized at the same time, and the amphibole pene-
trates the others much like the rootlets of a plant, in sinuous lines,

18 GmOL, PT 3—d '
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~ which converge to fairly well-defined centers. This vein amphibole
is less blue than is that in the mass of the rock.
A schist collected at Funfers Bay resembles that from Silver Bow
Basin in its microscopical character, '

ANDESITES.

Under the term andesite I understand an effusive plagioclase-
porphyry in which the groundmass is composed of plagioclase micro-
lites and magnetite, while the phenocrysts are ferromagnesian silicates
and triclinic feldspars. The most important difference between an
‘andesite and a basalt lies in the character of the groundmass, or of
that portion of the magma which is the last to consolidate; for the
fluidity of the lava and its capacity to form extensive sheets depends
wholly upon the properties of this portion of the mass. In basalts
the residual fluid, the mother liquor, is augitic arid has the properties
of a basic slag. In the andesites it is a relatively very viscous mass
and the'lava flows with much greater difficulty. In my opinion any
gystem of classification which should ignore this distinction in the
capacity to flow would be very artificial and inexpedient.

All the specimens of lava collected in the expedition of 1895 from
Cook Inlet westward turn outb to be andesites. Some of them were
regarded in the field as possibly basalts. Grewingk mentions basalts
at the Pavlof volcano on the mainland, and on Atka. Dr. Dawson
notes the basaltic strueture of volcanies on Akutan and the basaltic
appearance of little islands in Nazan Bay, Atka Island. Columnar
structure is not infrequent in andesites, and in Grewingk’s time a
confusion between dense andesites, von Giimbel’s ‘‘basaltic” ande-
sifes, and basalt would not have been strange. Nevertheless, there
seems no inherent improbability in the oecurrence of basalt in the
voleanic belt of Alaska. To the northward-ifi is known to ocecur.

The andesite of this region  may be grouped as augife-andesite,
augite-bronzite-andesite, and hornblende-andesite. There is also a
pyroxenic dacite which is closely affiliated with the andesites. They
appear to represent substantially the same magmas as the diorites
of the region, and it is interesting to note so close an approach to
uniformity in composition ‘oxtending over something like 1,000 miles
in distance and over several geological periods in time.

The feldspar most characteristic of the Alagkan andesites, as seen
under the mieroscope, is basic labradorite, which seems o be present
both as phenocrysts and as microlites in every slide. On the whole,
the augite-andesite contains somewhat more calcareous feldspars than
the augite-bronzite-andesite, while the hornblende-andesite of Bogos-
lof shows less calcareous feldspars, Nevertheless, in all three varie-
ties anorthites have been found. In hornblende-andesite elsewhere
pure lime-feldspar is considered a rarity, and details of these feld-
spars will be given below, The phenocrystic feldspars are scarcely
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over all of -the same species in any slide of the Alaskan andesites,
though one species generally predominates very greatly over the
others. Careful examination of the. square sections of microlite
shows thatf these too vary, and indeed beftween much wider limits
than the phenocrysts. The majority of thé microlites in all these
andesites lie within the range of thelabradorites Aby An,and Ab, An,,
“but in almost all there are also microlites of andesine and of oligo-
clase. The average microlite is always more alkaline than the aver-
age phenocryst. Both phenocrysts and microlites often show pro-
nounced zonal structure, and in such cases the exterior portion is as
a rule more alkaline than the interior; but there are exceptions to
this rule both among the larger crystals and among the microlites,
showing a very fundamental heterogeneity in the composition of the
- fluid rock. While the crystals are conveniently classified as pheno-
erysts and microlites, several distinct sizes may often be observed, _
and sometimes there seems fo he a complete gradation 1n gize, from
phenocrysts some millimeters in length to microlites say 0.005 milli-
meter square. It may be proper to note that most of the slides of
andesites afford much irreproachably good material for the determina-
tion of feldspars by optical methods,

The pyroxene of the andesites is present in very much smaller
quantity than the feldspar; and though pyroxene microlites oceur,
they are of much less relative importance than the phenoerysts, A
. large part of the phenocrystic pyroxene is always augite, and no
rhombic pyroxene microlites were found. The rhombie pyroxene
shows scarcely noticeable pleochroism, and the axial dispersion has
its smaller angle perpendicular to the prismatic axis. This charac-
terizes the mineral as bronzite instead of the more usual hyper-
sthene. Basaltic hornblende, with black borders, occurs sparin, crly in
a few of the augite-andesites.

Olivine is rare in the andesites. It occurs in one slide out of five
from St. Augustine, and remnants of this mineral are found in the
andesite from Makushin. :

Primary quartz is rarer than might be expected in the andom’res.
A few small erystals were found in the rock from Cape Douglass and
in an agglomerate from Amelig Harbor. A specimen from the west
side of Amaknalk Island also shows a fewill-defined grains. Tridymite
was detected with certainty in only one specimen, an augite-bronzite-
andesite from Coal Harbor, Unga Island (No. 278). - Mr. G. P. Mer-
rill also notes it in the Bogoslof lava.

Glass occurs in greater or less quantity in many of the andesites,
but it is not always easy to decide on the amount of this substance
present. Many areas which between crossed nicols appear black
show faint changes of tint when the gypsum plate is employed. It is
possible that this behavior merely indicates strain in a mass, which
in a state of ease would be isotropie, or it may be that an incipient
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crystallization of certain components of the glass has given the mass
-an optical character. -

The order of ‘succession of the phenocrysts appears to be bronzite,
augite, feldspar. The feldspars include pyroxene, and when the two
pyroxenes are crystallized together, ag often happens, the outer .por-
tion is augite. The bronzite appears to resist decomposition better
than the augite. ' ' : )

The following is an analysis, by Dr. W. T, Hillebrand, of specimen
244 from St. Augustine. The slide shows phenocrysts of augite,
bronzite, and plagioclase in a groundmass containing glass, plagio-
clase microlites, and some magnetite. The feldspar, optically deter-
mined, is almost exclusively ealcareous labradorite, but there is also
a little alkaline labradorite. There is no free quartz.

Analysis of St. Augustine andesite, No. £}4.
[By Dr. W, I, Hillebrand.]

Parcaht.
810, o 60. 40
11 (o T .61
ALOy. - oo .| 16.89
T0,05 +oemmeieeeeean | 1.8
FeO.oomeeen. e 8.72
NiO. o .02
MnO il .18
(o7Ye S 7.25
S0 | ftte
BaO.... . [, .06
MgO .o o] B.82
RyO oo e .7
, NaOo oo R 3.80
T4,0 oo | Tt
H,0, below 110° C ... .00
H,0, above 110° C ... ___. .20
=X o T .16
FeS, o .08
_ | 09.87
Sin FeS,....... 04
|

It is not easy to offer a satisfactory discussion of this analysis, The
calcareous character of the feldspars as determined by optical methods
does not seem borne out by the analysis, and although microscopic
examination would lead one fo expect a fairly high percentage.of
gilica in the thoroughly andesitic groundmass, a silica content of over
60 per cent would not be suspected. By converting the analysis into
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terms of molecular weights ‘rhe d1i‘ﬁeulmes are not diminighed. If
the alkalies are reckoned as polysilicate.feldspars, and nearly all of
the residual alumina is regarded as going to form anorthite, then the
feldspars would be nearly expressed by AbsAng or andesine. The
microscopic observations must be greatly strained to answer to this
resulb; for all the determinable phenoerysts and nearly all the deter-
minable microlites are more calcareous than andesine. The only pos-
sible conclusion seems to be that the glass is very alkaline, The
tendency of alkalies to accumulate in. the glass is not unknown; but
the difficulty does not end here, for after the maximum amount of
feldspar and the ferromagnesian silicates are allowed for, there
remains a surplus of silica amounting to over a fifth.of the total
silica, or about one-eighth of the entire weight of the rock, There is
no visible free silica in the slides, and the excess must either he
present in the glass. or possibly in part in a free state, but so finely
disseminated as to escape observation.

As a chee]t upon the microscopic work, specific gravity determina-
tions were made of the phenocrystic feldspars in the St. Augustine
lavas. Such examinations on specimen 244 gave in mean a density of
2.684. Specimens 241, 237, and 238 were also examined. The densest
feldspar found had a specific gravity of 2.694, and the lightest 2.661.
All of these feldspars, judging from their density, were thus labrador-
ites, in entire accord with the mieroscopic examination. A separation
of 244 by the Thoulet solution and analyses of products could hardly
throw valuable light on the composition, It is substantially certain
that the phenocrysts would prove normal and that the inseparable
groundmass would show a large amount of sodium and a great deal
of silica. o

The composition of this lava is so peculiar that I procured from Dr.
Hillebrand the following partial analysis of specimen 241, which is
nearly or guite holoerystalline, contains no visible free quartz, and no
olivine. The essential components as determined by the mlGlOSGOpB
are pyroxene, labradorite, and magnetite.

 Partial analysis of St. Augustine lava, No. 241,

[By Dr..W. FF. Hillebrand.]

| Per cent,
Si0, . eeeeeeeeo...| D8.08
AL,0,, Te,0,, FeO, TiOmPO e e o4, 97
OO e AR .65
MO oo e e 41D
RO e . B 0,98
NayO oo | 8,25
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Supposing the alumina in this specimen to be present in the same

" ratio to the iron, titaninm, and phosphorus as in specimen 244, the
alumina here would be 18.18 per cent. The partial analysis would
indicate a sodie labradorite, according in so far approximately with
the microsecopic examination; but there is again a large excess of
silica which one would expect to find separated out as quartz. Thus,
supposing all the soda and potash to form polysilicates, there remains
a mags in which there are about 8 molecules of SiO, to 2 molecules of
oxides; in other words, the residue would have the mean composition
of a polysilicate. The visible minerals, on the other hand, are ortho-,
meta-, and sub-gilicates. The only mode of reconciling the analysis
with the microseopic work seems to be to assume that films or sub-
microseopic grains of quartz are present, or perhaps more probably
scales of tridymite, so distributed in the mass as to escape detection.
Tridymite is a fairly frequent ingredient of andesites, and occurs in
some at least of the Alaskan lavas. When this mineral is present in
small patches it is not easily detected on account of its low polariza-
tion colors and lack of definite form. It might therefore be present
as disseminated seales in considerable quantities without betraying
itself.

The similarity in echemical composmon between the Karluk dior ite
and the St. Augustine lava is so great as to render it probable that glow
cooling would have produced from the lava substantially the same
minerals as the Karluk rock shows. The structure is another matter.

In the lava, slow cooling would not have robbed the mags of its por-’

phyritic strueture, though a granular groundmass might have resulted.
I can not believe that the hypidiomorphic structure of the diorite
could result from the consolidation of any truly fluid mass, though it
might perhaps be produced by the slow cooling of a mixture of solids
with fluids, such as mortar.

An andesite (No. 268) from Delarof Harbor, near which the Apollo
mine is situated, forms in some respects a transition between the lava
of 8t. Augustine and the more usual type of pyroxene-andesites. Itisa
greenish-black, somewhat vesicular porphyry, in which the microscope
shows phenocrysts of augite, a rhombic pyroxene, which in this case
seems to be enstatite rather than bronzite, and labradorite. The
groundmass consists of ‘‘felted” feldspar microlites, a little augite,
- a liftle magnetite, and a considerable amount of glass. The feld-
* spathic microlites are mainly alkaline labradorite, while the pheno-
erystic erystals are more calcareous, approaching Ab, An,; but some
of the mierolites have angles of extinetion appropriate to oligoclase.
The slide shows decomposition produects, especially chlorite, but not
in important quantities.
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The following is an analysis by Dr. Hillebrand of specimen 268:

Analysis of andesile from Delarof’ Harbor, No, 268,

[By Dr. W. P, Hillebrand.] .

Per cent.

SI0, wo 56. 63
THO, « e e, .67
ALO, o 16.85
0,0y oo ...|  B.62
FeO .ooonoe. . e 8.44
NiO e e trace
MnO ... .28
CAO - e 7.58
SrO ... . oo | trace
BaO.. o .09
MgO oo 4,23
KO o ) 2,24
Na,O oo 0| 8.08
© L0 Lol e e trace
H,0,below 110° C__. ._._. .80
H,0,above 110¢ C___._._. b1
PoOg e .16
FeS, ........ [ - .06
Total. ... ... __.... 100. 14

When computed in terms of molecules it appears that the feldspars
should approach andesine. After deducting the feldspar there remain
about 4 molecules of silica to 8 of oxides, indicating that there is
either free silica or that the glass is very acid. If about a tenth of
the silica were free, the rock after subtraction of the albite and free
silica would approach a metasilicate in composition. Thus, although
the rock has only the rather moderate silica contents of 56.63 per
cent, it is still needful to assume the existence of free silica or a
highly siliceous glass. ' _

The only well-developed dacite met with in Alaska oceurs at Delarof
Harbor, Unga Island, near the Apollo Consolidated mine, As
appears from the notes above, dacites are to be expected in the vol-
canie belt, and some at least of the andesites have a dacitic chemiecal
composition. The rock at Delarof Harbor is much altered and highly
“propylitic” in appearance. Only one specimen (collected long ago -
by Mr. Dall and numbered 28064)is fresh enough to show the ferro-
magnesian gilicates, which arve deep-brown hornblende accompanied
by a little biotite. In other slides there are patches of decomposition
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products which suggest original pyroxene. The quartz grains are
often large and seem to be corroded dihexahedra. They are full of
inclusions of glass and gas. The feldspar phenocrysts are usually
indeterminable from decomposition, but andesine and oligoclase were
identified among the larger crystals and oligoclase among the
miecrolites. Some unstriated feldspars ocour in the dacite slides. Of
these some at least have a higher index of refraction than balsam and
are probably oligoclase, but it is possible that some of the unstriated
grains may be orthoclases, the optical tests for potassium feldspar
being rather negative than positive and unsatisfactory in their charac-
ter, The groundmass is in part feldspathic and in part spherulitic.
The very beautiful spherulites in Mr. Dall’s specimen are partially
devitrified, and are stained with a brown pigment, probably limonite.
The decomposition products are chlorite and epidote, so character istic
of “propylites;” and calcite, too, is abundant.

In comparing this dacite with the andesites it will be observed that
the feldspars in the gquartzose rock are much more alkaline than in
the other lavas. Doubtless there is a connection between the appear-
ance of the quartz phenom ysts and the pr eponderacﬂee of sodium over
caleium,

A partial analysis by Dr. Hillebrand of a daclte specimen (271) gave:

Partial analysis of dacite, No. 271,

" [By Dr. W. F. Hillebrand. ]

Par cent. I
SI0y. o 62.32
CaO . i 3.08
oo JO 2.88 ‘
N0 oo 8. 924}

Ag compared, in terms of molecules, with the andesite from Unga, -
No. 268, this dacite contains about the same amount of potassium,
more sodmm and silica, and less caleium. It would seem to point to a
more albitic rock but not to an admixture of orthoclase.

The hornblende-andesites are, so far as is known, much less com-
mon in Alaska than the pyroxenic variety. Specimens are at hand
only from Bogoslof and Grewingk and from Kiska, one of the Rat
Islands. These rocks are for the most part yellowish-gray porphyries
with a rough fracture, outwardly resembling frachytes. They belong
among the trachytic andesites of von Gilimbel, the same group for

“which I proposed the name asperites. The ferromagnesian silicates
are chiefly deep-brown, black-bordered hornblendes accompanied by
a very subordinate amount of augite, while orthorhombic pyroxenes
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were detected only in the specimen from Kiska. The feldspar pheno-
crysts are chiefly calcareous labradorite, Aby An,, but in some eases
they are anorthite. Thus, in specimen 310, a Carlsbad-albite twin
phenocryst gave albite extinetions of 18° and 22° and the Carlsbad
lamella extinguished at 43°. This corresponds to anorthite cut at 10°
to the zone of symmetry. In specimen 295 there are also unquestion-
able anorthites, showing Carlshad and albite twinning and giving
characteristic extinction angles. The microlites are also surprisingly
calecareous; in one slide (292) 10 square microlites gave an average
extinetion of 88°, showing that they were calcareons labradorite. A
few square microlites in the same slide gave angles characteristic of
godic labradorite. Some of the lath-shaped microlites show Carlsbad
twinning, and all such that were examined proved to be Abg An,
The rock contains no visible free quartz. Prof. G. P. Merrill, how-
ever, mentions tridymite as one of the components of the rock. The
groundmass consigts of feldspar microlites, a few augite grains, mag-
netite, and glass, possibly with more or less admixed tridymite.

Other slides of the Bogoslof lava ave very similar to 292, which was
selected as a type. The proportion of augite to hornblende, and of
the ferromagnesian silicates to feldspars, varies considerably. In
some slides apatite and zircon are rather abundant. Most of the feld-
spars show pronounced zonal structure, and this is the case even with
the microlites.

Professor Merrill has described two gpecimens from Bogoslof, and
they were analyzed by Mr. T. M. Chatard. One of them is a gray rock
representing the main mass of the islands, and its analysis is given
under I, below (p. 58).. In mineralogical composition and external
appearance it corresponds to the deseription given above, excepting
that according to Mr. Merrill® it contains tridymite. The average feld-
spar may be interpreted from Mr. Chatard’s figures as Ab, An,, yet
basic labradorite is certainly present, The residue, after subtracting
the feldspars, contains about 8 molecules.of Si0, per molecule of basic .
oxide. Hence it would seem that about an eleventh parf of the silica
must exist in the free state. Mr. Merrill also examined a dark
variety of the lava, which contains more hornblende. The analysis
is given under II (p. 58). This analysis does not indicate any free
gilica. C

1Proe. U, 8, Nat. Mus,, vol, 8, 1885, p. 81,
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Analyses of Bogoslof lowva.
,  [By M. T. M. Chatard.]

I 1L

Tgnition .. ... oo .99 .84
T 56, 07 51,54
O, -« e e et e o Led .82
ALOy v | 19,06 20.81
F0,0; - ooeoie i 5.80 |  4.64
FOO oo v ,92 8.56,
MO e e .28 .82
CaO o 7.70 9.55
MEO i e 2.12 ‘8.16
=X o M hemmen mmemmm—m—n- .16 BT
N8O e e 452 4.290
2 T ce 124 2. 47

Total oo e i 99, 64 101,07

The following is a list of the andesite localities in Alaska known to
me by specimens:- '

List af known andesite localities in Alaska.

* Locality. Longitude,
-] L
Augite-andesite ...._...........| Cape Douglas_.............| 153 30
Belkofski . ......_...___. 162 b5

Ungalsland.. .. .. ....._..| 160 80,
CPopof Island...._.........| 160 20

Unalagka ____._. ... _..... 168 00

- : "AmalknakIsland. . ... _.____ 168 00
Augite-bronzite andesite.... ._. | St. Augustine Island ... _._ 158 80
e - Amelig Harbor. .. ... __._.| 154 80
Ungalgland._ .. ... _____. . 160 80

~ Hornblende-andesite ......__._.| Bogoslof Island...._. .....| 168 00

Kiska Island ... ......._.:| 177 80

BASALTS.

Only two basalts were met with in this reconnaissance. One of
these is a dike in the Treadwell-Alaska mine; the other occurs on
Kruzof Island near Mount Edgecumb. Edgecumb forms a fairly
well-developed cone. Of what material the cone itself is composed, I
can not say. It is so guarded by a broad strip of forest of almost
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impassable density that no attempt was made to reach the cone. The
goutheastern shore of Kruzof Island is a beautiful exhibit of basaltic
flows, 8o recent as to show superficial flow structure; scoriacesush '
masses, and pumice. It is evident that the rock has been. of & highe
degree of fluidity, and hand specimens show abundant olivine pheno-
erysts,

Under the microscope the rock is seen to be a normal basalt both.
as to composition and structure. The feldspars are anorthife and
labradorite, the microlitic crystals being more alkaline than the
phenocrysts. The olivine is very fresh, and several of the specimens
‘show a large amount of glass. '

The dike in the Treadwell is less ordinary and more important,
since it is seemingly associated with the genesis of the ore body.
Though much decomposed, this rock can be fairly well studied under
the microscope. It-consists of augite, some olivine, a little feldspar,
mostly zeolitized, and sensibly isotropie minerals.

A partial analysm of specimen 87 by Mr. George Steiger showed—

Per cent.

X O S T L ECTTTEERRRRES 2,12
K S 2.39
Water above 110° C . ..ot 2.41

From these figures it would appear that analcite and leucite are
both present, the analeite perhaps resulting from the decomposition
of the leucite, perhaps being an original constituent, as in the analeite-
basalt first deseribed by Mr. Lindgren. Under the microscope some
arrangements of inclusions may be seen which remind one of the sym-
metrical disposition of such bodies so often seen in leucite, but the
minerals do not oceur in the glides in such a way as to make it prac-
ticable to discriminate the hydrous silicate from the anhydrous one.
Mr. Lindgren informs me that the general appearance of the slides is
extremely similar to that of his analeite-basalt.:

SOME NOTES ON GLACIATION.

Prior to 1895 glacial action on Kadiak and the adjacent smaller
islands had not been obgerved. The topography of Woody Island
and the islets which lie between it and the port of St. Paul, however,
is strikingly glacial. In particular, the surface shows hummocks and
tarns such as unglaciated areas do not exhibit. The rock beneath
the grass roots is undecomposed and sometimes nearly smooth, but
neither here nor along Narrow Straits was I able to find actual
seratches on the rock. Mr. Dall, however, found on Woody Island,
in the Mission garden and elsewhere, erratics showing groovings., A%
the entrance of the southeast arm of the Uyak Bay, about a mile to
the westward of the Wamburg and Boyer prospect, there is topography.
gimilar to that about Woody Island, but in addition there are seratches
and grooves which have been perfectly protected where covered by
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mogs. The prineipal set of seratches strikes N, 83° W. (true), and a
sull;)oldma,te one N. 68° W. The steeper surfaces of the ro(,hea mou-
Wnnées are turned toward the head of the arm.

In conmdmmg Lhe glaclers at various points it oceurred to me that
tegration must he exhemely 1a,p1d along the edge of the ice; for
“the’ temperature of the ice being zero centigrade, the number of dﬂ,ys
in the year must be great upon which the adjoining rock is chilled
below the freezing point at night and raised above the melting point
during the day, and such alternations form a most effica¢ious means
. of breaking up solid rock. In guch a position,too, the local precipita-
tion of dew must often be sufficient to wet the wall rocks daily.

I had an opporfunity of examining such effects.on the westerly
wall of the (xrewmg]c glacier in Kachemak Bay. The rock here is a
gabbro. Within a few yards of the glacier it is full of gaping cracks,
~dividing the mass into fragments of an average volume of a cubie inch
or less, and tliese are so loose that although nearly in place they can
be pulled down with the hand by the bushel. Fifty or a hundred
feet away from the ice, on the contrary, the rock was smooth, hard,
and so tough that it was difficult to get specimens. It appears to me
that all along the edge of a glacier, and along ifts névé field as well,
frosts must be more frequent than, ceteris paribus, at a distance from
them, and. that disintegration must be correspondingly rapid. The
U-shape assumed by glacial gorges and the cirques at the névé basins
may be in part explicable in this way.!

A somewhat sgimilar action seems to be produced in many parts of
Alaska by the ocean spray or the lapping of wavelets. Along many of
the shores above high water a groove may be seen in the cliffs which
is perhaps a couple of feet deep and in which the rock is eracked and
disintegrated, but not in the least waterworn. It seems probable that
frequent wetting in frosty weather has caused the disintegration.

" The ability of a glacier to excavate beneath the level of its course

depends on the faet that if is a solid and not a fluid. For this reason.
“it- can move up hill for a certain distance, depending upon its
“ solidity” or on the elastic limit of the material. The Grewingk
‘glacier at one point is mounting a moraine, and P1. XIII shows the ice
advancing on a rising grade.
Pl XIV shows the foot of one of four superb glaciers at Ca,pe Doug-
las. “~These, like most Alaskan glaciers, are remarkably free from
mommes, and in the clear, dust-free air dlsplay their structure in a
most dlagmmmatlc fashion.

REMARKS ON DISTRIBUTION OTF GOLD IN SOUTITERN
ALASKA, _
The data which are available concerning the gold are too meager o
permit of any very important generalizations. There is a distinct
.zonal development of the deposits in the Alexander Archipelago,

Tam fold that My, Willard D. Johnson, in an unpublished lecture, gave expression to some-
what similar yiews, but I am not acquainted with his precise opinion o1l this subject.
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including Sumdum, Juneau, and Berners Bay, and fthe general direc-
tion of this belt is that of the schistosity of this part of the country.
Pls. T and XV show the general geographical relation of these local-
ities. The great mine of this belt is the famous Alaska-Treadwell.
The ores are normal gold ores, except that caleite is unusually abun-
dant, and there is a sufficient reason for connecting their genesis
with eruptive phenomena. The deposits of this belt are so similar in
position and character to those of British Columbia and California
that, in the absence of direct evidence, they may be regarded as con-
- temporaneous with them and probably of early Cretaceous age.

Turther westward occur the deposits near Sitka on Baranof Island,
and very possibly the source of the gold of Lituya Bay, in west longi-
tude 187° 30", may be a prolongation of this group. The mineralizing
action on Baranof Island does not appear to have been very vigorous.

Tt seems to be quite as old as the more easterly belt.

At the head of Cooks Inlet, some 14° west of Sitka, are the placers of
Turnagain Arm and the Kaknu River, indicating the presence of gold
veing which may or may not be strong enough to be worked singly.

The veins on Uyak Bay, Kadiak Island, are few, so far as yet known,

. and not important. -

Next to the Douglas Island deposits the Apollo Consolidated, on
Unga Island, in west longitude 160° 80', is the most important mine
in the Territory. It is an extremely interesting occurrence in ande-
site of Tertiary age, and represents a relatively very modern repefi-
tion of the conditions of gold genesis in the northwest. Though there
is as yet but one working mine here, it would be strange indeed if no
other valuable deposits exist in the same region.

A memoir on the gold deposits of the Yukon region has been pre-
pared by Mr. J. E. Spurr, who made his examinations in’ 1896, and
will appear in the same volume with this report. While together
these reports will represent most of what is yet known of the gold
resources of the Territory, the reader may be reminded that the area
of Alagka is greater than that of all the States north of Tennessee
and east of the Mississippi River, more than half a million square
miles, and most of it is peculiarly inaccessible. It will be long before
any fairly complete view of the resources of this vast region can be
presented.

GANGUE MINERALS.

The list of gangue minerals known to occur in the Alaska mines is
not a long one. Quartz and pyrite are found everywhere with gold
in place. There is possibly an exception in the case of the Taku
mine, where pyrrhotite in uncommonly abundant and where Tobserved
no pyrite, but very likely a methodical search for this mineral would
reveal it at this locality. Worthy of note is the native copper at the
Apollo Consolidated. This mefal oceurs also in the Smuggler vein,
Telluride, Colorado,' and was reported long ago (1847) in the property

1 My, Purington saw a specimen at the mine.
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of the Orange Grove Mining Compa,ny, Vil;ginia.l Prof. Henry Howe

also mentioned the oceurrence of native copper in the gold mines of

Nova Scotia, at Oldham and elsewhere.? While the list of gangue

minerals is not a long one, it includes most of the minerals usual in
Tellurium and the tellurides are fortunately absent, so

gold mines,
far as is yet known.

The following is a list of the minerals, other than quartz and pyrite,

thus far detected in the Alaska gold deposits:

List of minerals, other than quartz and pyrite, detected in the Alaska, gold deposits
during this empedition,

Mineral. Mine, Locality.
Brormre ... . _______. Alagka-Treadwell ... ... Douglas Tsland.
CALOITE _ ... ... Apollo ..o . ... Unga Island.

Beur. oo e, Berners Bay,

Comet ___________. ... __._. Do.

Bennet... ........... .....| Silver Bow Basin.

Liberty ..o oo Silver Bay.

Lucky Chance. ... ........ “. Do.

Mexdean , ... ... ______. Douglas Island.

Thetis_ .. ... ... .. Baranof Island.

Treadwell. ... ____....._._.| Dounglas Island.

Willoughby mines. __ _____ TFunters Bay .,
CHLORITE ... _o.....| Apollo ... . ........__.. Unga.

Glacier _....._......_._...| Sheep Creek.

War Horse ... ....__.._... Admiralty Island,
COPPER, NATIVE. .. ... .. Apollo ... ... .. ... Unga. |
COPPERPYRITE . .. .... .|.... Ao __._.. ..___...... Do.

Bear........._...________.| Berners Bay.

Comet ... ..__.._......... . Do,

Bureka ... ... _____._. Silver Bay.

Glacier ..._.....__._..... | Sheep Creek.

Gould & Curry....__..._. . Do.

Hague . ......_.._..._._.| Unalaska.

Silver Bay_........_._.....| Silver Bay,

Silver Queen _...._.._.___. Sheep Creek.

Treadwell._..__._...___.. .| Douglas Island,
GALENA oo Apollo .........__._.._...| Unga.

All mines of mainland belt

except Funters Bay and
Talku.
Calaveras ... ......... Uyak Bay.
Thetismine .....___.__.___ Baranof Island.

1Gold fields of the Southern Appalachians, ligt of gangue minerals: Sixteenth Ann Rept.

U, 8. Geol. Survey, Part 111, 1805, p. 275.
*Mineralogy of Nova Scotia, 1868, pp. 89-61,



63

List of minerals, other than quartz and pyrite, detected in the Alaska gold deposits

BECKER. ] GANGUE MINERALS.

during this expedition—Continued.

Mine,

Tellurinm ......ooovveenons Admiralty Island.
Thetis ...oosoeoaamaan. Baranof Island.
SIDERITI - - o eeeeoemmmm e Treadwell ... .........._. Douglas Island.
Lane & Hayward _....... Silver Bow Basin.
Lucky Chance.... ... Silver Bay.
BSERICITE. . cecannes Apollo .. oo ciiiaaian- Unga.
Glacier - . ..oooeeiaeaan. Sheep Creek.
Lucky Chance_ .. .......... Silver Bay.
Mexican .. ovoooee e Douglas Island.
Talkw . oo Silver Bow Basin.
Treadwell. ... ..o.coaoo.. Douglas Island.
Willonghby . .ooo oot Admiralty Island.
HILVER oo cciccccnman Occurs in alloy wherever
gold does.
PYRARGYRITE. ..o - n-- Silver Queen .. ... Sheep Creek.
Glacier. . .ooo.oooonn . Do.
ZINOBLENDE ... ooneano Apollo ..o Unga,
Bald Eagle . ...... oo oo .| Sumdum,
Glacior «...oooeeooaaaoo. Sheep Creek.
Gould & Curry......o--. -- Do.
Lane & Hayward ... ... Silver Bow Basin,
Silver Queen ... ... ... Do.
Taku - e Do.
War Horse...occeeveen an- Admiralty Island.

Bennet._ . ... .o
Gould & Curry -..........
Silver Queen
Tako cceeees oo -

‘7 Mineral, Locality.
MISPIOREL - oo | Bear . il Berners Bay.
Bennet ... ... Silver Bow Basin,
Allthemines of Uyak Bay_| Kadial Island.
Duncan'’s prospect. ... Douglas Island.
GHacier - ... .-oo---.....| Sheep Creek.
Haley & Rogers - ..__.. ... Hilver Bay,
Liberty -oo. oo Do,
Lucky Chance. ... ........ Do.
Silver Queen .. ..o ... Sheep Creek.
Stewart ..o Silver Bay.
ORTHOOLASE _ . voveee o Apollomine__._._.........1 Unga.
PYRRHOTITE . .. ...... | Bald Bagle___.2.______....| Sumdum,

Silver Bow- Basin.

Sheep Creek.
Do,

Silver Bow Basin.
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THE ALASKA-TRIEADWELL MINE.,

The Alaska-Treadwell and the Alaska-Mexican mines lie on the
same lead and are worked under the same superintendence. They
are separated by the Alaska claim, 700 feet in length, upon which
little work has been done. The Alaska-Treadwell is justly famous

- both for its large yield and for its economical working. Thus, for the
year ending May, 1894, the profit was nearly 60 per cent of the total
vield; yet the ore ran only 83.20 per ton; but the total expense of
treatment was only $1.85. Such results could not be attained were
the mine not situated asit is. The deposit runs nearly parallel to the
shore of Gastineau Channel, at a distance of a few hundred feet from
it, leaving just convenient space for offices and storage. Thus, coal,
machinery, and other supplies can be procured with ease. Water
power is also available for a portion of the year, but it must be sup-
plemented by steam power, involving the consumption of two or three
thousand tons of coal annually, at some $9 per ton. On the other
hand, the climate is severe (450 inches of snow fell in the winter of
1893-94) and wages are high. The pay of some of the men is as fol-
lows: Blacksmiths, $5; amalgamators, $4; roasters, $3.50; miners,
$3.50; Indians, $2. That the expense per ton should, nevertheless, be
so small is a real triumph of intelligent organization and labor, largely
due to Mr. Thomas Mein, who was formerly superintendent, The
total product of the Alaska-Treadwell, as shown in the statistical
notes in the earlier patt of this paper, amounted to $7, 028 649 up to
the end of 1896.

A plan and section of the Treadwell as it was developed in 1895 are
given on Pls, XVII and XVIII, and a view of one of the pits is shown
on PI1, XIX,

The Alaska-Treadwell deposit has been described by Dr. George M.
Dawson, and his specimens were examined under the microscope by
Prof. . D. Adams.! The following guotations from Dr. Dawson’s
paper give his opinion of the origin of the deposit:

The impression formed from such examination of this remarkable deposit as T
was able to make is, in fact, that it represents the upper portion or * feather edge”
of a granitic intrusion, probably contemporaneous and connected with the chaxr-
acteristic granites of the neighboring coast ranges, but which, owing to peculiar
conditions, has become decomposed and silicified by solfataric or hydrothermal
action, to which the concenfration of gold in it and the deposition of pyrites are
also due, * % %

It is conceivable that the hydrothermal action which has affected this part of the
original granitic magma may have been due to the water included by the mass
itself while in a state of **aqueo-igneons’ or ** granitic” fusion, the escape of such
water through the substance of the upper part of the intrusive mass being rendered
possible by the relief from pressure consequent on the approach of the inftrusion
to the actual surtace,

1 Am, Geologist, August, 1889,
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1t may, however, perhaps with greater probability, be supposed that the water
included in the adjacent sedimentary deposits became vaporized by the heat of
the intrusive mass, and found its way to the surface, in the form of steam, through
the substance of that mass. It will be noticed that Mr, Adams finds evidence, in
the microscopical character of the rock, of much crushing and fracture, so that in
any case it must have afforded a convenient channel for the passage of heated
waters or steam; and this appears to have been one of the more important cirveums-
stances leading to its mineralization, * * # This deposit therefore affords an

“interesting example of the manner in which intrusive masses may directly give
rige to ordinary metalliferous veins,

As Tunderstand him, Dr. Dawson supposes the formation of the ore
body to have followed immediately upon the intrusion of the granitic
mass, without any interval of time, and either just before or just after
its soliclification. Professor Adams, on the other hand, seems to con-
gider the ore as consisting of a mass of fractured rock, filled with
veinlets in the ordinary manner, and f{inds in the slides no indication
of a genetic connection. Ie concludes his remarks upon the slides
as follows: -

It may therefore be stated that the ore of the Treadwell mine is a granite,
probably belonging. to the class of the hornblende granites, much crushed, altered,
and impregnated with secondary quartz, caleite, and pyrite; that the *“ kernels " are
portions of the rock in which alteration is less complete than in the mass of the
granite, and that at least a considerable portion of the gold present in the oveis
contained in the pyrite as free gold.

It has already been shown in the portion of this report dealing with
the rocks that this rock is to be regarded as a sodinm-gyenite or, more
logically, as an albite-diorite. It will be shown below that the ore
deposition ocecurred much later than the intrusion of this syenite, two
other intrusive masses having followed it before the deposition of the
ore was complete. o

“ The main mass of the country at this locality and the oldest rock is
a carbonaceous slate of very uniform texture. While it is unques-
tionably sedimentary in origin, it does nof display any variations in
lithological features, such as calcareous or sandy facies, sufficient to
mark the original lines of bedding, and it was found impracticable to
discover whether or no the bedding and principal cleavage coincide.
At Juneau Island, close by, slaty cleavage and bedding do not coin-
cide, At many points in the mine the slate passes into what I term
a schist, being affected with more than one pronounced cleavage of less
regularity than that of true slate. The strike of the slate is N. 50°
W., true, being nearly the same as that of Gtastineau Channel and
coineiding with one of the two fissure systems which affect nearly the
whole of the Alexander Archipelago. 'The cleavage dips steeply to
the southeast. The age of the slate was thought by Dr. Dawson to
Dbe very probably Triassic, from its analogy with rocks on the coast
of British Columbia. There is no direct evidence as to age yet
available, ' -

After the sediments had been reduced to the condition of slate, the

18 gEoL, PT 3——5 '
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syenité was intruded into them. This intrusion was of a very irreg-
ular character, although it may be called a dike. In the Alaska-

~ Treadwell it swells out to 450 feet in width, including, however, large
“““horses.” To the northwest and to the southeast it narrows, and is

gometimes reduced to a system of parallel dikes divided by slate.
The lithological character of the syenite has a]re.‘-l,(ty been described
in sufficient detail.

“After the syenite intrusion came one of gabbro. It forms a dike a
couple of hundred feet in width and follows the northeast wall of the
deposit pretty closely, though sometimes separated from it by slate.
This rock has been turned to *‘greenstone” by the action of solutions,
gseemingly those attending the ore deposition. The color, due to
chlorite and epidote, and the granular structure, make its identifi-
cation easy. At some points it is porphyritic or semiporphyritic,
and would then, strietly speaking, be known as a diabase, but the gran-
ular modlﬁca,tlon seems to be the prevailing one. This gabbro con-
tains some fragments of the granite. Though decomposed and inter-
gected by a considerable number of guartz stringers carrying a little
pyrite,-it is nowhere converted into profitable ore, and relatively to
the syenite it is but slightly mineralized. Calcite is more abundant
in the gabbro than in the syenite. The gabbroappears as a cropping
on the northerly side of Glory hole, or the northwesterly of the open
pits. It appears again in the adit level and on the 110-foot level of the
Treadwell, in the south pit of the same property, at a watercourse
on the Alaska claim, and in both levels of the Alagka-Mexican. It is
always on the hanging-wall side of the deposit.

Latest of the intrusions is the amalcite-basalt, of which a petro-
graphical description has been given. This dike is seen in the south
pit of the Alaska-Treadwell, which it crosses at a moderato angle,
striking N. 20° W, and dipping steeply to the northeast. This dike
is very regular and from 4 to 6 feet in width. It cutsslates, diorite,
and gabbro, and at one point contains numerous slabs of the diorite.
The rock evidently chilled rapidly and has a fine-grained selvage.
For the most part the dike rock is decomposed to a brown-black
earthy mass, which can be crumbled in the fingers. Portions of it,
however, are fresher, and the fine-grained selvages are less decom-
posed than the body of the dike. At some points it contains hard,
bean-shaped bodies, which look as if they might be spherulites, but
under the microscopoe there seems to be no essential difference between
these bean-shaped masses and the fresher specimens of the solid rock.
I infer that they have been formed by decomposition of the basalt,
starting on shrinkage cracks and acting more rapidly upon the edges
and corners than upon flat surfaces. I have discussed the effects of
guch decomposition on a former oceasion.!

The structure of the Treadwell is complex in detall but shows some

1 Mon. U. 8. Geol. Burvey, Vol, XIII, 1888, p. 68,



TANIN TI3MAVIYULYASYTIY 40 NOILD3S

S NI N A e et s N MY
LN AN NS ,q\f N ANED Pacea: 7
/)/L\ov = NN AT R 7

CEw DN T L row Az oy | =1 , 4 5 L
%.-w Iz ollo 7 o 77 ©
= B T Ay A ey
R AT WMN _ /
G 00/ %ﬁ\f ;&_,M /\ﬂﬂwwf% % 29
= A y ..l.ML...w.I.. nrJu_\. A ’ N
MW/#////%MM/‘M 7 //.14.\ .lJ.\__Jw\l._“./_...\w“. \\‘M\ |
W r/hﬁ//f%%ﬂ/mw/ A vy i, ,_..., N W‘\ \ \
L .

e

\w\\\“\ i

972 3712 JPIUOZIOL

wr 057 S s, 228 27099 )DL

MAX “Td 1 LHYd  LHOJIH TYNNNY HLINSILHOIS . ASAHNE WIIDCT03D S N






BECKER.] TREADWELL MINE, 67

distinet general features. The slates, which are the oldest rocks,
acquired their slaty structure prior to the intrusion of the igneous
rocks; for the fragments caught up by the intrusions have as well-
developed slaty structure as the walls of the deposit. The slaty
cleavage is thus an ancient feature of the gemeral structure of the
counfry. Under external pressure the slates have yielded mainly
along the cleavage planes, opening up into lenticular spaces, many of
which are now filled with ore. These lenticular masses are arranged
in overlapping groups, and form ore bodies similar to some in the gold
fields of California and the southern Appalachians, for which I have -
proposed the name stringer lead.! The faulting on these slates has
been normal, as is shown by the character of the stringers. These
have an average dip greater than that of the slate, and the steepest
portions of the stringers are the widest.”?

The gabbro is in some places in contact with the granite, while in

others it is separated by more or less slate. In the Alaska-Mexican
a considerable amount of slate intervenes. In places the gabbro has-
been: rendered schistose, and near the south pit of the Treadwell the
ginuosities of the schistose surfaces seem to follow the undulations of
the contact with the syenite. ’

The gyenite has yielded to pressure much more camplete]y than the
other rocks. At first glance it seems to have been reduced to mere
rubble, but on good exposures it can be seen that the initial yield-
ing has gone on methodically along planes at nearly 90° to one
another and atb nearly 45° to the horizon. They strike with the lode,
and were probably caused by nearly horizontal forces. Crushing,
however, was carried beyond the rupturing point, so that the frag-
ments after separation were ground together and some faults were
produced in the broken mass. _

Such conditions might naturally influence the distribution of ore.
While erushing of the mass opens the way for solutions and leaves
space for auriferous quartz, the faulting in the erushed rock might
give rise to layers of finely packed atfrition products, which would
affect the course of the solutions and make against uniformity of dis-
tribution. Inequalities in riehness are known in the mine and are
said by some of the miners to be related to such surfaces of motion.
A detailed study of this subject with an assay plan would be 1nt0resb-
ing, but I had not time to malke it.

The gangue minerals of the Alaska-Treadwell are not’ numerous.
Quartz is the chief gangue, but it is frequently accompanied in the
interstitial stringers by calcite, sometimes ferriferous. Inthe impreg-
nated rock these carbonates are in excess of the quartz. Pyrite is
by far the most abundant associated sulphide or metallic gangue.
Professor Adams found free gold in his slides embedded in pyrite,

1Gold flelds of the Southern Appé]&chiu.nﬂ: Sixteenth Ann., Rept. U. 8, Geol. Burvey, Part
11T, 1885, 1. 288,
2Ibid,, p. 271, Compare von Uotta, Hrzlagerstiitten, 1859, p. 161,
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but I was unsuccessful in a similar search. From the -assayer, Mr,
Booth, T 1ea,111 that chalcopyrite is more freq_uent in the Treadwell
than in the Mexican, while mispickel is found in the latter mine but
not in the former. Pyrrhotite, galena, and zincblende are rare, but
are not confined fo any particular portion of the deposit.

- The ore assm'mmd with the syenite is sepaﬂ'ablc into two distinet

v_a,nebms Of these one.congists of stringers of quartz carrying some
calcite a,ild_q(‘cupymg interstitial spaces between more or less decom-
posed syenite fragments. In such ore the pyrite is often grouped in
bunches and at other times is dlssemm&wd through the quartz. The
distribution of the pyrite seems to be without effect upon the tenor
of this variety of ore, which is usually rich in proportion to the quan-
tity of pymt,e The other variety of ore congists of fragments of the
gyenite which have been, as it were, soaked in the auriferous liquid.
They are impregnated chiefly with carbonateq and pyrlte, only a little
silica, penetmtmg where there were no open ﬁssures, The pyrite in
this variety is also Bth(—,‘.I‘ bunched or disseminated, ﬂ.nd all the mine
foremen aaqort tha,t where ﬂug pymte is seattered the ore is nea.};ly or
qulto Worthless. IL appeared to me that the disseminated pyrite rep-
1e.‘.=ents for: romagnesian silicates attacked by sulphydme acid or solu-
ble sulphides, and study of the ore under the, mieroscope lends
si.rongth to this hypothesis, L}muwh without absolutely proving it.
- Wherever the ore is Btrong]y mineralized the ferromagnesian sili-
cates have totally disappeared from the syenite, and the pyrite is
scat{m ed init in about the same manner as the iron- -bearing silicates
in the frasher material. On the other hand, as the bunches of pyrite
are a,ecompmued by much calcite, they could not have been produced
from any ordinary &(‘cumulatlou of ferromagnesxa,n silicates, and I
think such pyrite must have entered the rock in a state of solution,
The association of calcite and pyrite in the wall rock of gold veins i
Ca.hiornu has been studled by Mr. Lindgren." It appe::us to be very
Sll)’]]lal to.the association of pynLo with fibrous silica which I have
descrxhed from the gold mines of the southern Appahehlans ? Sem-
cite and a secundary green mica are common in the ore. .

'l‘he 1mprcgn&tlon of rocks with various substances seems to he
accompa.med by a separation of substanc es, as if certain compounds
in solution permeated the rouk more rapidly or more Gomplote]y than
0“;‘[61?5. This would be equwaleut to an osmotic separation, and a
Londency to such a separation seems almost inevitable when solutions
are in co:nta,(,i, with dense rocks. .1 have before (,s.lled attention fo
ﬂus a,oinon and the theory ﬁnds conmdmable support in the recent
1uvcst1gn1,10ns of Mr. Lindgren on the alteration of wall rocks.

J

CaGeld-guartz veins of No\fa.da. Qity and G n.sa Valloy: Sevontcanﬁh Anm, Rupt . 8, Geol. Sm--

vey; Part 11,1800, p. 147, )
2 Loo. eif., p. 808, '

.8 Quickmlvel ore depmit& Minel L Ronom ces U, 8 1802, p. J.%ll
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The genesis of the Treadwell-Mexican deposit is probably connected
with the intrusion of the dike of analeite-basalt. This dike must
either have accompanied the mineralization of the deposit or have
J;‘ollowcd cloge upon it. The dike is not erushed or impregnated with
ore o any notable extent, though here and there a few crystals of
pyrite are visible. Tragments of the syenite included in the basalt
gshow much erushing, but only a slight amount of mineralization, On
the other hand, along portions of the dike small pyritous quartz seams
lie between the dike and the surrounding masgs, and I was informed
that rich ore and free gold are usually abundant near the dike.” The
preceding intrusion of gabbro has evidently been subjected to intense
dynamic and chemical a(,tmn, and must have antedated most or all of
the auriferous injections. Thus, the crushing of the country rock
and the deposition of the ore seem to have takenplace mainly between
the two intrusions, but ore deposition had not enfirely ceased when
the basalt dike was formed. The basalt was injected after mineral-,
ization began,.bub before it had ceased, The phenomena are not
absgolutely incompatible with the hypothesis that after the main ore
deposition and a period of quiet the basalt was intruded and a fresh,.
relatively unimportant mineralization ensued, but there is no evidence
of such a recrudescence, and the.character of the includéd syenite
fragments does not support this more complicated hypothesis.

So far as I know, thig is the first known ease of an association of
analcite-basalt with ore generatior. It is worth while to note that in
a certain way the gabbro is intermediate in chemical character between
thc syenite and the basalt. The sodium is least and the potassinm
gre&mst in the basalt, which probably came from the deepest Goudle
with the ore-bearing solutions.

The date of the mmerahzatwn is un(,ermm. Thora is no ba’qall, of
any kind known within a long distance of Douglas Islamd On the
~other hand, no analcite-basalts are known to be older than the Lara-
mie, and both in Alaska and California gold deposition has acecom-
panied neovoleanic rocks; but all analeite rocks are not relatively
recent, and the general aspect of the deposits in eastern Alaska indi-
cates Mesozoic rather than Cenozoic age. It may be that this basalt
is connected with some eruptions concealed from Vmw by the forests,
which are of more than tropical density.

The basalt dike oceurs near the center of the ore-bearing ground.
The mosgt probable hypothesis at the present time seems to be that
the ore chutfe follows downward nearly in the track of the basalt,
keeping for the most part to the syenite on account of the superior
fragility of that rock, and not because of any chemical influence of
the albite rock on ore deposition. :

- 1Rich ore, running up to more than §100 per fon, is oceasionally found in small quantifies, :
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THE ATLASKA-MEXICAN MINE.

Thig mine is on the same deposit as the Alaska-Treadwell and
shares most of its characteristics. The syenite is much narrower in
the Mexican and much of the ore is in ‘“stringer leads” in the slate.
Thq glates show undulating and carunculated surfaces, and are marked
by incised grooves caused by the relative motion of the slaty sheets at
the time of dislocation. These grooves pitch to the northwest, and
the result has been to produce pipes pitching downward to the south-
east, which is the piteh of the ore chutes according to the informa-
tion obtained at the mine. The richest ore is said to occur on the
foot wall, or southwestern side. In the proper sense there can not
be said to, be any foot wall, since the deposit in the slate is a series,of
imbricating lenses of quartz, and in the syenite a reticulated vein.
More generally the deposit occurs on a zone of distributed fracture
and not on a single fissure, :

" The ore of the Mexican has about the same tenor as in the Tread-

well, and the gangue minerals are nearly the same. The slate at
some points is impregnated with pyrite, which, however, I understand
to be of very low grade. - The deposit is not so wide, but reaches 100
feet at some points and is amply large for convenient economical
worklng

O’DH'ER DEPOSITS OF DOUGLAS IS'LAN])

" Some excltement was once created by the Boars Nest proper‘ny on
Douglas Island. The ground was not accessible at the time of my
visit. I was informed that it was opened on the same sodmm-syemte
dike as the Treadwell, but that the rock was too poor to pay expenses.

On the shore of the island about 2 miles to the northwest of the
Treadwell a very little work had been done on a quartz vein about 3%
feet in thickness, from which some fine specimens are said to have
come. The exposure as I_Saw it was quite insufficient to justify any
opinion on my part. . The vein carries pyrite and pyrrhotite. Juneau
Island is a mere rock near the Treadwell wharf. It is of true granite,
c(_mta_,mmg masses of stratified slate and some quartz veins said to
carry a little gold.,

SIT/VER BOW BASIN.

Silver: Bow B'asir} lies about 3 miles from Juneau, a little to the
north of east, near‘the head of a stream called Gold Creek. Its posi-
tion is shown on the map, Pl. XVI, the topography of which was
supplied app1.0x11nately from local surveys by Mr. C. W. Garsgide.
This basin is the site of considerable mining activity and is a locality-
of mno little geological interest. In the hills to the southeast lies
a glacier which formerly extended to the mouth of Gold Creek and
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built up the moraines, a part of which is now occupied by the out-
skirts of Juneau. Thig glacier excavated, or at least sweptl out, a
considerable depression in the position of Silver Bow Basin. The
depression was subsequently occupied by a lake separated from the
lower glretches of the creek by a solid rock divide.

The excavation of a depression by glacial ice is sometimes referred
to as if it implied a paradox in mechanics. Were a glacier a slowly
moving fluid mass, however viscous, like sealing wax or asphalt, it
could never exeavate beneath the level of ils course. Ice, however,
igs not a fluid, but a solid; and it is entirely practicable for a glacier
to move uphill provided that the back pressure thus produced does
notexceed the limit of solidity of theice. An opportunity was afforded -
during the expedifion here described of observing the faet that ice
may move upward at the Grewingk glacier on Kachemak Bay. 'The
action at Silver Bow Basin was no doubt entirely similar. I was
informed that the solid rock of the divide is about 100 feet above the
bottom of the lake basin.

The lake-beds of Silver Bow Basin are auriferous, and that to a very
congiderable extent. It is asserted that mo less than $250,000 was
extracted from these beds prior to 1895 by the hydraulic process,
drainage being secured by a tunnel 8,500 feet long through the schists.
The mining operations have made an excellent section of the deposit,
a general view of which is given in PL XX, Directly upon the bed
rock oceurs.a fine, muddy sand, a foot or more in thickness; néxt
comes a fewinches of a black vegetable mold containing a great quan-
tity of leaves which, though blackened, are still tough., Upon this
mold rests a layer of large bowlders, some of them 2 or 8 yards in
diameter, more or less rudely mingled with gravel and muddy sand.
Thig is illustrated by Pl. XXI. The topmost layer is in some por-
tions a peaty mass, and the entire deposit averages some 50 feet in
thickness. The gravel is extremely little rounded and many of the
rock fragments are almost sharp cornered. The pebbles are of the
most diverse character and many of them are gold-bearing quartz.
It is probable that the bowlders in these beds were deposited at a time
when the glacier ended in thelake, perhaps after having already once
retreated to a higher level. The period during which the glacier sup-
plied the lake with bowlders was probably brief, since otherwise the
bowlder layer would be heavier. The upper portions of the beds seem
to have been filled in, in the ordinary way, by wash from the surround-
ingslopes. Ttis believed to be only the southwestern side of the lake
deposit which is auriferous, this side having received the drainage
from the area containing the gold-bearing veins to be deseribed pres-
ently. 'This is almost the only case known to me in which lake-beds
have proved auriferousto a remunerative extent, though gold-bearing
lake-beds are not very uncommon. ‘

It is a remarkable fact that although ice has filled Gold Creek,

4
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patehes have been left near Silver Bow Basin which have never
been subjected to gldciation; in faet, in the higher portion of the
Lane and Hayward properfy there are left considerable areas of de-
cayed rock, or saprolite, exactly similar to those so abundantly found
inthe southern Appalachians. Thig saprolite also is atriferous, deriv-
ing its gold from a very great number of quartz veins, many of them
‘of the most tenuous deseription. It is the wash-from this saprolitic
mags which seems to have furnished the gold to the lake-beds:

- The saprolite on the Lane and Hayward property has been worked
‘for years as a placer deposit. = The best of it is no doubt gone, but
‘enough remains amply to illustrate its character. A little lower down
the hill ‘than the saprolite deposit are a couple of open cuts and a

.short tunnel, also on the Lane and IIaywal d: prope1 ty, known as the

Tuller No, 1 mine.

The country rock is a micaceous schist of bedunentary origin, carry-
ing garnets. The schists strike N. 60° W. (true) and dip about -60°
to the northeast. These schists are cut by at least three dikes of a
fine-grained diorite. The dikes are nearly vertical, strike north, and
-are each about 6 feet in thickness. They occur near the western limif
of the ore-bearing ground, but do not seem to cut off the ore entirely
in this direction. Another and similar parallel dike occurs somewhat
farther east’in the Aurora claim.” There appear to be no large veins
on this property; the quartz occurs in innumerable stringers and
Tenses, varying in width from 2 feet or more to the thickness of a sheet
‘of paper.  Many of the veins, especially the smallest of them, are
infiercalated in the schists in perfect conformify to the cleavage, and
mzmv considerable lenges occur in the same manner. Still more .
numerotis and of greater average width are seams cutting upward
into the schist and very strikingly displayed on the surface of the

- smooth rock. The stringers have been opened by normal faulting.
There seems o be no large body of quartz on this property which
would pay for underground development; but the rock lies in a posi-
tion very favorable for quarrying, and it is believed by the owners that
a large amount of material carrying 84 or $5 a ton can be cheaply -
extracted. The maximum value of the ore obtainable in commercial
quantities is said to be about $8 per ton. The fineness of the battery
plate gold saved is about 0.856. The gangue minerals are calcite,
siderite, pyrite, mispickel, galena, and zincblende. As nearly as I
could learn, this property has produced by milling something like
440,000 worth of gold The product of the ssuprohte workings is
entirely unknown.
* The Aurora or Bennet mine lies directly north of or down the hill
drom the Léane and Hayward, and is opened on a portion of the same
‘deposit. The peculiar feature of this mine is that it possesses a well-
developed cross-fissure vein from 2 to 6 feet in width, striking at 15°
west of north and dipping at about 70° to the southwest. I was

u
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mf(nmod that there is no Bonmble difference betwe(,n the ores of this’
vein and those of the lenses or stringers, and T-see 1o indication that
its age or its origin is different.” If has an advantage over the’
stringers in the fact that it lends itself to underground iining with -
more facility. The gangue miner rals are the same as those of the Lane
and Hayward, but include also pyw’hotlﬂe and muscovite. The ore
is reported as mllllng about §18, and the concentrates are shipped to
- Puget Sound to be smeélted. The vein hasbeen followed for about 200-
feet underground, and is essud to have been followed on Lhc Suri'ace-
for 200 feet more, - :
© About a mile and a hal[ down Gold Creek from Silver Bow Basin is
 the Takn mine. The rock at this point is a dioritic schist and hasg
been intruded among the slate, horses of which are included in it
The schistosity of the dioritic mass is of course due to subsequent
movements. The ore consists of very irregular quartz stringers inter-
secting both diorite and slate; they strike about N. 80° E. (true) and
dip eastward. This ore is remarkable for the unusual quantity of
pyrrho‘rlto which it contains, this sulphuret often-occurring in masses’
several pounds ih weight. I had a special test made for nickel in the
pyrrhotite, thinking this worth while on account of the very usual
association of nickel with pyrihotite, but none was detected. No other
sulphuret was observed at the Taku mine, and the only other gangue
mineral noticed was muscovife. - The gold is said to be very free, as’
is usual in pyrrhotite ore, so that, the sulphuretgs after mlllmg have no
considerable value. ' A

S'I'IJ IEP .CREEK ]}ASIN

Sheep Creek Basin lies to the southeast of Silver Bow Basin, at a.
- distance of about 8 miles, and the two areas are separated by a divide.
The direction of the mines of the two localifies from one another is
the same as the strike of the schistosity of the country, or as the course
of Gastinean Channel. They are, in fact, on a continuous belt of
quartz deposits, ~ Sheep ‘COreek Basin is a picturesque little valley
lylng 750 feet above sea-level, and if seems to represent a glacial
égirque. KEven in June masses of snow heavy enough to interfere
gomewhat with mining remain upon its declivities. A view of the
Sheep Creek Mountains, taken from the Treadwell Mine, is ShOWJII.
on PL XXIL

- In Sheep Creek Basin there are three mines from which there has
been a considerable output-—the Silver Queen, the Glacier, and the
Gould and Curry. Besides these, there are several prospects of minor
importance.

The Silver Queen mine is that on which thers is most devclopmant
Tt is situated on the northwest side of and about 600 feet above the
floor of the basgin, which is itself about 750 feet above the level of
the channel., A wagon road 2 miles in length runs from the beach



74 GOLD FIELDS OF SOUTHERN ALASKA.

to the foot of the steep slope on which the mine is situated. A track
tramway, working by gravity, serves to tra.nsport ore from i.ho mine
to the end of the road. :

The rocks of the basin consist of carbona,eeo11s and miecaceous
schists, whose strike is 50° west of north and dip 70° north. There
are also possibly dikes of gabbré similar to that accompanying the
Treadwell ore deposit. At the Silver Queen the carbonaceous slate
forms the country rock of the vein, while the gabbro is perhaps
represented by a decomposed greenstone, which occurs on the foot-
wall side a few feet away from the vein. The vein is 5 feet in widest
dimension, is intercalated with the laminae of the slate, and corre-
sponds to the schistosity in strike and dip. It pinches and swells
in the manner characteristic of such intercalated veins, Vein min-
erals consist of quartz, pyrrhotite, zineblende, copper pyrite, galena,
mispickel, g liftle iron pyrite, and}yit is reported, native silver and a
little ruby silver. The galenh- =3 rgentiferous. In fact, the product
of this mine and that of the Glacier above has been mostly in silver,
and has contributed the major part of the silver hitherto obtained
from the Territory. Upto the end of 1895 the Silver Queen had pro-
duced about $100,000 in silver and $20,000 in gold. The mine work-
ings consigted of about 800 feet of drifting_ on the vein, representoed
by three. tunnels of 200 to 300 feet in length. The ore is milled
in the basin below, and the concentrates shipped for smelting.

The Glacier mine, situated 800 feet above and to the northwest of
the Silver Queen, on the same slope of the basin, has workings on
three parallel veins, one of which is the same vein as that worked in
the Silver Queen. The most westerly of these three veins is on a
contact between two varieties of schist. Its foot wall and the country
rock of the two veins lying to the east is the carbonaceous slate seen in
the Silver Queen The hanging wall is, however, a micaceous schist,
containing scales of muscovite and of light-green chlorlte The veins
all éorrespond in sfrike and dip with the inclosing schist, but differ
from the veins of Silver Bow Basin in that they do not have so
much the character of stringer leads. Iaults have been noted in the
veins, the faulf plane being nearly vertical and directly across the -
strike. The throw is in each case about 5 feet, the southeast side

" having slipped downhill. Detailed observations on these dislocations
were not practicable, but it seemed more reasonable to refer them
“to the subsidence of blocks or seales of the rock which had been
loosened by surface weathering. Such phenomena are probably much
more. common than has been generally noted hitherto, especially in
regions subjected to the Vlolent action of frost, such as the one under
congideration.

The veins of this mine average 3% feet in width, a,nd are said to
have a lenticular character, the long axes of the lenses having a pitch
in the plane of the strike downward toward the west. Like the
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Silver Queen, this mine carries more silver than gold, but the ratio
between the two is variahle. The average tenor is about $40. Min-
erals found in the vein here, besides quartz and some muscovite, are
iron pyrite, argentiferous galena, zincblende, copper pyrite, pyr-
rhotite, mispickel, argentiferous tetrahedrite, pyrargyrite, and native
gilver., 'The mine has been worked for gix years and has 1,500 feeti of
development. No complefe statistics as fo its product are available.
Thirty to forty thousand dollars will probably represent its output.

The Gould and Curry, in the north end of Sheep Creek Basin, at
about-2,500 feet above the sea, was a mere prospect in the summer of
1895, (‘onslderable development has since been done on it. The
rock, although schistose, appears to be of igneous origin and of dioritic
type. 'The strike of the schistose lamina is N. 70° W.; dip, 80° to the
north. There were three veins exposed in a small crosseut 30 feet
long, each vein being about 15 inches in width. Stringers of quartz
were seen in the schist between the veing. Thege cut slightly upward
into the schistosity. They are barren of any value. The vein min-
erals consist mostly of quartz, confaining zincblende of the black-jack
variety, accompanied by small amounts of pyrrhotite and iron pyrite.
The veing are said to show free gold frequently, and specimens con-
taining it were found on the dump. According to the United States
Mint report for 1895, the produet of 1Jh13 mine for that year was
$26,000 in gold. -

SUMDUM BAY.

The only mining in progress on Sumdum Bay in the summer of 1895
was at the Bald Eagle, in longitude 183° 80". 'The mine is at an alti-
tude of about 1,000 feet above sea-level and 24 miles from shore.
The rocks are green slate, black bituminous slate, and dikes of a
massive rock seemingly granite, but too decomposed for satisfactory
study. The schists strike and dip very irregularly fu)m N. 45 H. to
N. 70 W., and have been greatly disturbed.

" The deposﬂ- is a stringer lead, following the schistosity with so
much regularity in dip that I was unable to observe in the exposures
momentarily visible whether the stringers eut upward across the
schistose surfaces or not. The foreman, however, asserted that they
do so0, which would indicate normal faulting. In strike they offen
break across laming, and the lead shows a divergent stringer, so that
the deposit clearly occupies an opening due to fracture. The lead
lies for the most part along the contact between the two varieties of
slate. -
The main lens of ore being worked is from 5 feet in width down-
ward. 'The ove consists of quartz, galena, zincblende, pyrite, and
mispickel, and is richest on the foot wall. At the cropping I observed
copper stains, so that there is probably some chalcopyrite in the lead.
The ore is said to be very rich, averaging, according to the superin-
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tendent, Mr. Trowbridge, $40 to $50 per ton. The data obtained
indicate that the ore eontamq abbout equa.l quanhtles by Welght of
gold and silver. -

AL the time of my visit this property could bo mga.ldod only &s a
promlsmg prospect, but the ore was good and the disturbed condition
of the country rock was a favorable indication for further develop-
ment. Trom the Director of the Mint I learn that the product of the
mine for 1896 was ne&lly $96,000, so that the fa,vomblo lmproasmn
produced is confirmed. : : :

BERNERS BAY.

" The Comet and Bear mines belong to the Berners Bay Mining and
Milling Company, but the landing, called Sewaid City, is on the west
side of Sherman Point and notin the bay. The 40- -stamp mlll 1<=; ahoub
2 miles from the landing and 700 feet above tide-water.

' The Bear mine is about 500 feet above the mill and a third of a mﬂe .
away.  The country rock is a diorite, which is described on an earlier
page. It isirregular in texture and muoh fissured, but I detected no
system in the partings. Thereare three small funnels cutting several
guartz veins, all of which strike in a westerly direction, but do not
seem fo be pamllel They also dip at various angles to the northeast.
The widest of them is known as the Bear vein. It strikes due west
(true) and dips at 60° or 70° to the north. .In width it varies from
2% to 11 feet. 'T'he vein contains quartz, calcite, sericite, pyrite, chal-
copyrite, and mispickel. The vein also inclosés many fragments of
wall rock, often sprinkled with pyrite, though embedded in white
quartz not visibly charged with sulphurets.. The quartz is much
broken and disturbed, no doubt by movements of the ground. The
direction of movement seems to be indicated by the groovings on the
walls, which piteh westward at about 30°. 'While portions of the Bear
ore look fairly well, much of it is sugary, dead, and barren-looking.
The mine at the time of my visit had produced no ore.

The Comet is said to be 7,000 feet eastward of the mill, and is about
1 000 feet above it. It lies at least approximately in the strike of the
Bem doposﬂ, The development consisted of three small tunnels and
‘one winze down about 100 feet below the lowest funnel. The country
rock is the same as that at the Bear. There arc several small veins
besides the Comet, and the stlucturo is as irregular as in the other
mine. The strike of the Oomet varies from N, 15° E. to N, 75° K.
but the former course seems to be the more characteristic. The dl}_)
also varies from about 70° to 45° to the north. The vein varies in
thickness from 8 feet ‘downward, and averages about 3 feet. .The
quartz, which is usually somewhat bl oken, carties pyrite, chalcopyr ite,
and galena. In some portions of the mine there is much free gold
accompanied by an unusually small amotunt of sulphurets, and, judg-
ing from the statistics, some of *he other quartz must be richer than
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it looks; the deposit, however, is apparently somewhat ¢ pockety.”
Iwas informed that the mine had produced over $200,000-in the year
preceding June, 1895, and that the ore averaged $50 or $60. It is said.
that only 1 per cent of the ore is sulphurets, and that these run about
§160 per ton. If so; 97 per cent of the gold recovered is obtained by
direct amalgamation, a very unusual state of things. * The fineness of
the bullion is .0.840 to 0.800. The Berners Bay Mining Company,
according to the Director of the Mint, pmciuu,d $125,000 in 1896.

" UN T F‘B.S BAY

Thclo were two prospects on I untcrs Ba,y at the time of my visit,
both seemingly on the same series of veins. The more easterly was
known as the Tellurium mine, and the other, about a mile distant, as
the War Horse. : The strike is somewhat different, but there is evi-
dence of curvature on the exposures along the shore, and the discov-
erer, Mr. Richard Willoughby, informed me that substantial continu-
ity is established by intermediate.cr oppmgh and what may be e&]led
soundings.

The surface of Admiralty Isla,nd is deeply covered with decaying
timber, overlain by a thick layer of moss, and overgrown with bushes
and tl'ées. Mr. Willoughby states that ]16 igin the habit of prospect-
ing through this vegetable layer with a steel rod armed with a  car-
bon.” Aftera little practice it is easy to diseriminate the feeling of
quartz from that of less gritty rocks. More than 99 per cent of south-
eastern Alaska is covered by dense moss and decaying wood, and
some such method of facilitating prospecting as that deser 1bec1 is
highly desirable.. :

The Tellurium Mining and Milling Company is said o possess six
parallel veins, striking a little east of mnorth (tw ue)_ and dipping
southward at 70° or 80°. Of these, four were visible, averaging about
3 feet in thickness, but sometimes swelling to 10 feet and occasionally -
pinching. The country rock is a schist seemingly of eruptive origin,
very probably once a diabase, but rendered cleavable by. pressure.
The present position of the sehistose laming is nearly horizontal. On
alittle dump I found fragments of a diabase which seem to belong to
a dike not visible in place. This is the only diabase met with during
the trip, though, the closely affiliated gabbro of the Alaska-Treadwell
might at some points be r(,garded as diabase,

The veins fill cross fissures in the schists. They consist of qua,rbz,
a little calcite, and a fair amount of pyrite and pyrrhotite, accompa-
nied by an unusual quantity of chlorite, The chlorite is often inter-
grown with the quartz so as to produce a somewhat 1egu]aﬂ mottling.
Iree gold is gomefimes found in the chlorlte -Mr, Willoughby asserts
that some Lellumda oceurs.in the ore in thin silvery streaks, but Lho
specimen given me to 1]1ust1 ate this oceurrence containg no tellurium,
Free gold is sometimes seen in quartz. carrying mapprecmble quanti-
ties of sulphmets
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Tt is stated that the pyrite contains $150 per ton, while the pyrrhotite
‘carries only $10 or $15. The ease with which gold entangled in pyr-
rhotite ig extracted is well known, and this fact tends to throw a doubt
on the favorite hypothesis that gold in pyrite is altogether free. How-
ever, pyrrhotite is so much softer than pyrite that, other things being
equal, the moncdsulphide should be more easily treated. The ore is
said to average $10, and there is nothing incredible in this assertion.
The proximity of the veins to the water and ftheir nearly vertical
position will facilitate the working of the property.

The War Horse veins strike about N. 15° E. (true), and the geo-
logical condifions seem similar in nearly all respects to those of the
Tellurium property. The veing on the War Horse often send off
sheets of quartz into the schists, these sheets following the cleavage
surfaces. In this way very pretty illustrations on a small scale of
“pipe and rake” veins are produced. It is said that, as one would
suppose, the intersection of pipe and rake is often much richer than
the average ore. Besides these pipes, there are portions of the slate
which show numerous small lenses and sfringers of pyritous quartz, -
and some of the ground thus impregnated is believed to be worth
extraction.

The Director of the Mint reports $16,000 from Funters Bay in 1896
eredited to the Boston and Alaska Company. Whether this company
has acquired the Tellurium claim I am not informed.

REGION NEAR SITKA.

There is a very considerable number of prospects within a few miles
of Sitka. Most of these occur about Serebrennikof Arm or Silver Bay,
bnt the Thetis lies to the eastward of Sitka, and a little (so far as I
“could see, hopeless) prospecting has been done at the site of Old Sitka
on Katliana Bay. PL XXIII is an approximate map of this region,
* the general position of which may be seen on Pl. XV. The rocks
associated with ore throughout this region, so far as observed, are
carbonaceous slates and the eurious pyroclastic diorite described in
‘the earlier portion of this report. The cleavage of the slates ante-
dates the diorite, which is itiself more or less schistose at many points.
At the hot springs, however, not very far away from Silver Bay, there
is granite and a dike of sodium-syenite, and Mount Edgecumb is at
least in part basaltic. No product is reported by the Director of the
Mint from this region for 1896, _ . : '

The Liberty mine, owned by Major Turner, lies on the south shore
of Silver Bay, about three-quarters of a mile from the indentation
called Bear Bay. The country rock is slate, but near by are intru-
sions of the diorite in the form of dikes varying in width from a few
inches fo several feef. The slides from these dikes are among the
most characteristic of this pyroclastic roek., The glates strike N. 70°
W. (true) and dip 80° southward. The ore forms a series of imbri-

[
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SITKA DISTRICT. ' 79

cating lenses, or a stringer lead, in the slates, the quartz conforming
as a rule to the carunculated schistose structures, though occasion-
ally breaking across laminse, and sometimes the slate is so broken as
to form a reticulated deposit. The slate fragments are angular, and
there is no evidence of substitution. The width of the lead is vari-
able, but reaches 7 feet in maximum so far as explored. The ore con-
sists . of quartz, caleite, chlorite, pyrite, chalcopyrite, and mispickel.
The ore is said to average $2.50, half of it ‘“‘over the plates.” Mill-
ing fiests have yielded as much as $5.

The Silver Bay property is nearly on the strike of the Liberty, on
the other side of Silver Bay, and shows a vein 8 feet in width in pyro--
clastic diorite, with the dip and sfrike of the Liberty lead. Ore on
the dump showed pyrite and chalecopyrite. No work was in progress..

The Eureka prospect is about 2 miles southeast from the Liberty,
on the westerly side of the bay, and about 500 feet above the water
level. It is a stringer lead of pyritous quartz inclosed in slate, but
lying close to masses of the diorite, which forms both dikes and bree-
ciated masses. The strike is the same as that of the preceding depos-
its. The amount of development is insignificant. °

The Haley and Rodgers lies east of Salmon Creek, about two- thirds
of a mile from fhe southerly extremify of Serebrennikof Arm, at an
elevation of 675 feef. The country rock is slate, The vein is several
feet in width, strikes N. 60° W., and dips 70° to the northeast, not con-
forming to the schistosity of the sedimentary rocks. The vein as a
whole is white and unpropitious, but there is said to have been a rich
streak on the foot wall, Pyrite is present in the vein, and on the
dump fragments of mispickel carrying free gold were observed.

The Stewart is near the last prospect, a little farther from the bay,
on the same creek, at an elevation of about 1,000 feet. The deposit
is a stringer lead, sometimes developing into a nearly solid vein, A
little of the ore is brecciated, and much of it is mingled with slabs of
glate. The lead is 15 feet wide at one point, and may average 8 feet
in width. It carries pyrite and mispickel. There is a ruined mill at
the Stewart, but how much ‘bullion it has turned out I was unable to

ascerfain.

The Lucky Chance is.24 m‘llﬁﬁ irom the southerly end of Silver Bay
as the crow flies, but 7 miles by the wagon trail. It lies on the crest
of a ridge, 2,500 feet above water and far above timber, in a very pic- -
turesque position. The main country rock is the pyroclastic diorite,
carrying, as usual, numerous included fragments of slate. The prop-
erty is opened by two tunnels, but the entrances to both were deeply
buried under snow (June 26), and it was only with much effort that
an entrance was effected into one of them, the lower one.

As there seen, the ore forms irregular stringers, each a few inches
in width, sometimes massed and sometimes scattered through the
country rock, which here consists of diorite mingled with slabs of
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slate. If the deposit were a solid vein, it would be perhaps 3 feet in
thickness., The strike is irregular, but is approximately N. 45° W,
(true), and the dip 80° NE. - A peculiarity of the ore seems to be that
the sulphurets are massed in contact with the walls or horses, the
body of the guartz being nearly free from sulphides, - At one point
the stringers were so crowded that a stope could be and was carried
up to the upper level. The ore contains, besides quartz, calcite, sid-
erite, chlorite, mica, pyrite, and particularly abundant mispickel.
HFree gold associated with mispickel occurs. A sample taken by. a
disinterested person is said to have assayed $30 per ton. The upper
tunnel ig said to look better than the lower one, and the mine is con-
sidered the best in the district. While as at present developed it is a
very unsatisfactory property, it might pay to follow the lead some-
what farther. A view of the Lucky Chance claim is given on PL
XXIV, and a view of Deep Lake, takén from the mine, on P1. XXV,
~ The Thetis is about 5 miles north of east from Sitka, and lies in a
locality known ag Billys Basin. The country rock issomewhatschistose
diorite, and the deposit a reticulated zone striking N. 35° W., with a
dip of 40° to the northeast. It showsabout 24 feet of quartz carrying
caleite, pyrrhotite, and galena. A mill test is said to have yielded $7
gold and $1 silver per ton. :

UYAK BAY.,

- Several small prospects exist on Uyak Bay, Kadiak Island. Their
-posiljio'ns are given approximately on the map, P1. XXVI. - The Bear,
Dan, and Calaveras claims lie close together, the first two on what is
supposed to be the same vein, and the last-on a second, nearly parallel,
vein. - The country rock is a carbonaceous schist or slate, and the
fissures cut the cleavage. The Bear vein strikes N. 25° W. (true)
and-dips in a southwesterly direction at 40°. In width it varies from
a few inches to about 6 feet, and averages perhaps 2% feet. The
quartz is usually solid, but is not entirely: free from ineluded schist
fragments. A number of fine outlying parallel stringers accompany
the vein. The sulphurets are arsenopyrite and pyrite, the former
pmpondem‘rmg‘ TFree gold is easily p&nned from the croppings, and
some extraction has been effected with an arr astra, but I was not a,ble
to ascertain yxeld or tenor,

“The Dan is about 500 yards from the Bear ‘and on its strike, but
the deposit has not been fraced through the heavy timber. The vein
is about 2 feet in width, and contains the same sulphurets. The
mispickel hére is well erystallized, and the general appearance of the
quartz is good, No work was in progress and scarcely any has been
done. The Calaveras lies to the northeast of the Dan, on a similar

“vein of the same strike. Itis aboht 20 inehes Wide, and shows pyrit-e,
m1sp1ckel and galena,

The Tiake claim is about 4 miles nolth of’ the Bear and on the east
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shore of the bay. The vein abi this point strikes N. 70° E. (true) and
dips 80° to the southward, cutting the slate, which is here manifestly
of sedimentary origin. The vein ig only a foot wide, and the only
sulphuret observed in it was a very little mispickel. This vein lies
on one of a double series of joints forming a nearly rectangular sys-
tem. On the shore below the vein is a neat illustration of the mechan- -
ism of jointing. The partings cross both sandstone and shale. In
the sandstone the joints are from one-fourth to one-half inch wide
and filled with quartz, but in the shale the same cracks are so nar-
row as to be scarcely visible, although sometimes carrying: quartz.
* Evidently the shale yielded far more prior o rupture than did the
sandstone. '

The Wamberg and Boyer is 10 miles north of the Bear and near
the entrance of Uyak Bay. The prospect is on a veinlet 7 inches
wide, striking about N. 55° E. (true) and dipping to the southeast at
65°. Tt lies in sedimentary schist, and conforms nearly in strike, less
nearly in dip. Near by excellent glacial modeling and seratches were
observed,

TURNAGAIN ARM PLACERS,

At the time of my visit stream gravels had been worked for a year
or two on Resurrection Creek and Bear Creek, and prospecting was
going on at a locality called Sixmile Creek. These loecalities are
shown in fig. 6 (p. 82). They lie on Turnagain Arm at the head of
Cook Inlet, shown on Pl. XXVI. Rich gravels were found higher
up the arm a few weeks after my departure. The only profitable
workings in July, 1895, were on Bear Creek, but I was informed that
a ‘“color” could be obtained in any stream for miles about. - On Bear
Creek, which ig a small brook running northwestward, the pay was
confined to a length of about 1} miles, the lower end of the stretch
being perhaps 24 miles from the mouth. The deposit consists of a mass
of moderately coarse gravel, composed of pebbles of the size of cobble-
stones, mingled with a few bowlders: They extend in some cases a
couple of rods from the present bed of Bear Creek. The gravel is
evidently the result of modern erosion. The bed rock is exposed at
Riley’s claim toward the upper end of the produetive stretch, and
consists of slates striking nearly at right angles to the course of the
stream and intersected by heavy dikes of pyroclastic diorite. A view
of Riley’s claim is given on PL. XXVIL - A desecription and analysis of
this diorite have been given on a preceding page. Most of the pebbles
are diorite, and this is said to be the prevailing rock at the head-
waters of the ereek. The rocks, where seen, contain a limited quantity
of small quartz veing, and it is probable that the gold is derived from
such stringers. Of course, prospecting for remunerative veins would
be justified, but the heavy growth of spruce forest renders the search
laborious, and hitherto no success in this quest has been attained.

18 grow, P 3——6
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The gold is found mostly in flattened but coarse and slightly worn
grains. It is light in color and said to be worth $14 to $16 per ounce.
This would correspond to a fineness of about 0.740,

It should be noted that the first discovery of gold in Alaska was
made in 1848 by P. P. Doroshin. He found auriferous sands on the
. Kaknu River, the grains being coarse toward the source, or a region
not far from Resurrection Creek, and he speaks of the association of
gold with slates and diorite dikes. The miners on the Bear assert
that the gravels have been worked to some extent before, and that
they find old pick points deep in the gravel. It seems hardly eredible,
however, that any working in this locality can have antedated the
discovery of a couple of years before my visit.

Late in August, 1895, fresh finds were made, particularly on Canyon
Creek and Mills Creek, shown on the map, fig. 6. This map I owe

THoT L * P

< -

F1g. 8.—8ketch map of Turnagain Arm,

to the courtesy of Mr. J. A. Becker, of Sitka. It is decidedly more
accurate than that given on Pl, XXVI. The miners at the new dig-
gings are said to have made over $100 a day, and many slightly worn
nuggets were obtained. The richness of the new washings stimulated
the placer industry throughout the region, and pay gravel was found
on Resurrection Creek and elsewhere. A rush fo this region took
place in 1896, as one would suppose, and while good diggings were
found, not enough auriferous gravel was discovered to supply the
needs of the influx of miners, and great disappointment followed.
Such a result was sure to oceur. Had there been enough gold for last
year’s crowd, twice as large a one would have sought the fields in 1897,

Aceess to the region is difficult and dangerous on account of the
stupendous tides, which are about as great as those of the Bay of
Fundy. For this reason many partics have gone in by way of Prince
William Sound and Passage Canal.
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BECKER. ] o i UNGA ISLAND, 83

THE APOLLO CONSOLIDATED MINE.

This remarkable and important deposit lies on the island of Unga,
about 24 miles west of Delarof Harbor. TUngais one of the Shumagin
Islands, and is shownon Pl XXVIII. Nearly the whole of the exposed
rock in this region is andesite and dacite, but on the norfh side of the
entrance to the harbor there are rocks underlying the andesite which
from the deck of a vessel looksedimentary. At-Coal IIarbor, or Zach-
areffskaia Bay, similar andesites overlie the Miocene. It is reported
that there is a belt of granite farther inland than the mine. This is
very probable, and it is cerfain that granite occurs on the Nagai, an
island of the same group as Unga, and one of its nearest neighbors.

I saw nothing to lead me to suppose that there is any considerable
geological difference between the dacite and andesite of Unga. They
geemed at least associated eruptions, if not merely different facies of
the same series of eruption. These rocks at some points show well- -
marked columnar strueture. - As the mine is approached the decom-
position of the rock increases and there is a large amount of ““propy-
lite,” or ehloritic andesite, as pronounced in character as that of the

Jomstock lode, At the mine itself the rock is so decomposed that it
is nearly impossible to decide whether all of the quartz which it con-
tains is secondary. On the whole, it seems probable that at least a
portion of the wall rock is dacite, The walls are highly chloritized and
charged with pyrite. There is no sensible amount of sericite, nor
any conversion to carbonates. The pyrite would seem to have been
formed in part from ferromagnesian silicates, and perhaps also from
magnetite. In one case a colony of minute pyrites occupies the posi-
tion of an augite or hornblende.

The ores of the Apollo Consolidated consist of free gold, pyrite,
galena, zinecblende, copper pyrite, and native copper. Red oxide of
copper and malachite are joined as decompogition products, The
oceurrence of nmative copper is remarkable, though not absolutely
unknown elsewhere. Its usual form is that of fine filiform aggre-
gates. A large part of the gold occurs in the free state, finely
disseminated through quartz, and almost wholly unaccompanied by
sulphurites. The quartz there often has a yellow stain, not at once
recognizable by those unfamiliar with this unusual mode of occur-
rence. A large part of the value of the mine is said to depend upon
kidneys of this free gold ore. A slide from such a specimen shows a
fow particles of galena with the gold. In some cases, also, the specks
of gold are intimately mingled with tiny shreds of native copper, both
being embedded in quartz and manifestly contemporaneous, Most of
the surfaces of the gold grains are rough, and the metal tends to fili-
form and sealy configurations. Only oceasionally is a plane face vis-
ible under the microscope on a gold grain. It evidently requires
peeuliar conditions to develop good crystals of gold even on a minute
scale. - '
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Much of the quartz is sugary. This condition seems due in part to
conditions of crystallization and in part to movements which have
taken place since ore deposition. The evidence of such movement is
found in thin sections of the ore. One locality in the mine is known as
the “ Ilour Mill,” because the ore can be shoveled up as if it were
meal. The ore has crystallized on walls and fragments of andesite in
a very striking manner. Comb structure appears wherever there
were relatively marrow spaces between fragments or along walls.
There is not the slightest evidence of substitution; on the contrary,
the fragments of rock are as sharp as possible. One of the specimens
collected is a piece of andesite with a nearly square cross-section
having sides an inch long, the length of the andesite fragment being
perhaps 2 inches. The ore has erystallized out from the surfaces of
the andesite in all directions, the crystals being arranged like iron
filings on a magnet; but the corners of the andesite nucleus are as
well defined as if it had been broken but yesterday.

Calcite occurs as a gangue mineral in the Apollo, though in quan-
tities very subordinate to quartz. Much more remarkable is the
presence of a mineral believed to be orthoclage. It oceurs in small
quantities in the stringers of ore, and is of the same age as they. It
has a lower index of refraction than the balsam, displays a cleavage
like that of orthoclase, and gives a strong reaction for potassinm with
hydrofluosilicic acid. Mr. Lindgren has more recently found micro-
cline in auriferous veins at Silver Crown, near Cheyenne, Wyoming.

The deposit as a whole is nearly vertical and strikes N. 43 E. (true).
It occupies a zone of fracture rather than a fissure, and might be
called as a whole a reticulated vein. It is supposed to be bounded
by two fissures, offen marked by clays. There is often a pay streak
at one or both of these fissures, but the pay frequently makes from
the eagiorly fissure into the intermediate ground. So far as I could
see, the presence or absence of remunerative ore depends chiefly on
the amount of interstitial space present. The included rock frag-
ments often show pyrite, but I could not learn of any more rock which
was richly impregnated with gold. The ove-bearing ground is some-
- times 40 feet in width, and, on the whole, forms a chute pitching novth-
ward. . If there are other such chutes, as is to be aasumcd they will
probably be rudely parallel with this one.
~ The average yield of the ore is said to be $8, and about four-fifths
of this amount is obtained from the plates. The bullion carries 0.767
gold as collected from the plates. The sulphurite contains $50 or
$60 per ton, and carries more silver than the plate gold. Thisis no
doubt due to the large amount of galena in the ore. The amount of
the production is given in the early portion of this paper under the
heading, ¢ Statistics of gold production.” In 1896 the Apo]lo pro-
duced over $400,000 gold and nearly $40,000 silver, coining value.

Of course the Apollo Consolidated is a very recent deposit, and
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there has been little erosion since its deposition. In its general

features it resembles the deposits of Bodie, California, and the irreg-

ularity of the fracturing in both cases is due to proximity to the sur-

face as well as to lack of homogeneity in the rock. Such a mine

requires careful management and systematic development. The

" Apollo also deserves careful treatment. A plan and section of the
mine appear on Pl. XXTIX. :

There are other deposits in the neighborhood of the Apollo. The
King mine is about half a mile northward, and is believed to be on
the same lead. It is reported to have produced 838,000, Gold has
been found at various points east and west of the Apollo, as well as
northward, and there is said to be a belt of auriferous ground extend-
ing through the island on the strike of the Apollo. Nearly in this
direction lies Red Cove, Popof Island, where the andesites are

" intensely decomposed and heavily charged with pyrite.

UNALASKA.

On the island of Unalaska some prospecting has been done, and
one of the funnels near Pyramid Peak is several hundred feet in
.length. This tunnel follows fissures on which a little quartz is occa-
sionally seen, accompanied by iron and eopper pyrite. This is cer-
tainly not a valuable deposit, but it is reported that there are other
occurrences of sulphureted quartz on the island. A view of the
eastern portion of Unalaska, taken from a hill ¢lose to Dutech Harbor,
on the little island of Amaknak, is given on PL XXX.

AURIFEROUS BEACH SANDS.

L] . "
~ As is well known, auriferous beach sands have been worked at
various points along the Pacific Coast from lower California north-
ward. Gold-bearing sands are especially abundant from Lituya Bay
to Yakutat Bay-—that is, between longitude 188°.and 140°. Accord-
ing to Mr. Henry Boursin,* auriferous black sand was first discovered
on the western beach of Khantaalk, a small island in Yukutat Bay,in
1887. Tt is said that $3,000 was extracted from the sands near Yakutat _
in1891. In 1890 beach sands were worked a few miles cast of Lit-
uya Bay, and in 1891 the yield at this locality is said to have. been
$15,000, obtained by sluicing. According to the reports received by
the Director of the Mint, Lituya Bay sands produced $39,000 in 1896, _
- Sands from the Khantaak Island have been carefully examined by
Mr. J. Stanley-Brown.? He found, besides gold, magnetite, garnet,
hornblende, pyroxene, zircon, quartz, feldspar, calcite, and mica
agsociated with fragments of a slaty or schistose character, Tron,

1 Tleventh Censug, Pop, and Res, of Alagka, 1893, p. 280,
3 Nat, Gteog, Mag., Vol, I11, 1801, p. 196,
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platinum, and chromite ecould not be detected, and only a trace of
fitaninm is present. Mr. Stanley-Brown concludes that the sand is
derived from the destruction of metamorphie rocks. The rocks sur-
rounding Yakutat Bay seem to be Pliocene or Pleistocene, but as
they are composed of the débris of older rocks, the sand derived from
~them might bear an older character. There is nothing known to me
which suggests that the gold of this region is of recént origin, and it
is more probable thatit was derived from deposits affiliated with those
of Baranof Island, though the croppings may now be concealed by
Pleistocene beds. In the expedition here deseribed it was impractica-
ble to - stop on this sghore compatibly with visiting the more western
auu[erous districts.

“Gold washing was in progress durmO’ my visit to the western shore
of Kadiak Island, at Portage River and Ayalkulik River., The beaches
here lie along a bluff, averaging 50 feet or more in height, which limits
an extensive grassy plain. This represents a very recent uplift which
- has been general throughout western Alaska, elevating most parts of

Kadialk, Chirikof, Tugidak, and other islands. The recency of the
elevation is shown by the fact that the little streams draining the low,
flat plateéaus have made small progress in cutting back into the bluffs.
- A view of the Portage River locality is given on Pl. XXXI. At the
beach washing, the bluffs as well as the beaches carry streaks of black
sand, and those in the bluffs are 'said to be auriferous as well as those
at tide-level. The source of the gold is doubfless in the ranges which
lie several miles to the east of the bluffs. Pebbles of granite and
metamorphic rock are found on the shore, and have accompanied
the gold from its original position. The gold-bearing sands do not
occur in masses, but in patches, perhaps an ineh in thickness and
extending over a few square yards. When sueh a pateh is found the
material must be gathered and carried out of reach of the waves,
which. constantly shift the sands from place to place. The Kadiak
sands consist of magnetite, garnet, quartz, slate, serpentinoid mate-
rial,'and very light, scaly gold. The gold floats easily and does not
seem.to amalgamate well. No doubt much of it is lost, and some new
process, such as cyaniding, must be adopted before large proilts can
be madé from any but exceptionally rich beach sands.

‘Whlle on Kadiak and elsewhere the gold is associated with mag-
netite, I do not regard this as necessarily any evidence of a common
origin. The two minerals would be found together, because both are
.denser than quartz, whenever both gold and magnetite exist in the
rock undergoing degradation. As is well known, voleanic rock usu-
‘ally confains much magnetite, so that an area consisting of schists
carrying gold-quartz veins, and basalt carrying no quartz, would yield
an auriferous magnetite sand. .
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