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ABSTRACT

The Alaska-Juneau lode system for meny years wes one of the
World's leading gold-producing areas. Total production from the
year 1893 %o 1946 has amounted to about 94 million dollars, with
principal values in contained gold but with some silver and lead
values. The principal mine is the Alaska-Juneau mine, from which
the lode system takes its name.

The lode system is a part of a larger gold-bearing belt,
generally referred to as the Juneau gold belt, along the western
border of the Coast Range batholith.

The rocks of the Alaska-Juneau lode system consist of a
monoclinal sequence of steeply northeasterly dipping volcanic, slate
and schist rocks, all of which have been metamorphosed by dynamic
and thermal processes attendant with the intrusion of the Coast
Range batholith. The rocks form a series of belts that trend northwest
parallel to the Coast Range. In addition to the Coast Range batholith
lying a mile to the east of'the lode system, there are numerous smaller
intrusives, all of which are sill-like in form and are thus conformable
to the regional structure.

The bedded rocks are Mesozoic in age; the Coast Range batholith
is Upper Jurassic and Lower Cretaceécus in age. Some of the smaller
intrusives pre-date the batholith, others post-date it. All of the
rocks are cut by steeply dipping faults.

CORY
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The Alaska-Juneau lode system is confined exclusively to the footwall
portion of the Perseverance slate band. The slate band is composed of
black slate and black phyliite with lesser amounts of thin-bedded
quartzite. Intrusive into the slate band are many sill-like bodies of
rocks generally referred to as meta-gabbro.

The gold deposits of the lode system are found both within the
slate rocks and the metae-gabbro rocks, and particularly in those places
wvhere meta-gabbro bodies interfinger with slate. Thus the ore bodies are
found in and near the terminations of meta-gabbro bodies.

The ore bodies are quartz stringerelodes composed of a great number
of quartz veins from 6 inches to 3 feet wide and extending along their
strike and dip for several tens to hundreds of feet. In addition %o
quartz the only other vein gangue mineral is ankerite. It occurs in
small amounts along the borders of the quartz veins. Mate;ll:l.c vein
minerals, in addition to native gold, are, in order of decreasing abund-
dance, pyrrhotite, galena, sphalerite, and arsenopyrite. In the aggre-

gate the metallic minerals comprise only 1l to 2 percent of the total

amount of vein mte@
The wall rock, 1c\|©thePyy”u profoundly
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altered by the vein-forming m_s. The principel effects on the meta-
gabbro were the addition of large amo unts of soda, potash, titanium, car-
bon dioxide, and phosphorous, and the removal of considerable quantities
of iron, magnesia, lime, and combined water. Silica also mey have been
decreased. The mineralogical changes involved in the alteration were the
development of biotite and ankerite at the expense of original hormblende
and feldspar, resulting in a brown-colored biotite- and ankerite-rich
/rock. The slates are relatively unaffected by the vein-forming processes.
Because of their small size, relatively low grade, and discontinuity,
no attempt has been made to mine any individual vein. The prevailing prac-
tice has been to mine large blocks of ground by a system of modified block-
caving, followed by hand softing to remove the barren country rock from

the gold-bearing quartz prior to milling.

CORY
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Mrsmuw&,mmAmrmtmmmdmmmW
the present city of Juneau and until all mining operations ceased in 1945,
the gold mines in the vieinity of Juneau have been among the largest in the
world., The two principal groups of mines have been those of the Treadwell
group end those of the Alaska-Juneau lode system. The former is on Douglas
Island across Gastineau Channel from Juneau and was comprised of the Ready
;Bu.'l.l:l.on, Alaska-Mexican, Seven-Hundred Foot, and Alaska-Treadwell mines.
jm latter group is on the mainland east of Juneau and was comprised of the
Perseverance, Alaska-Juneau, and Ebner mines, all of which mined ore from
the Alaska-Juneau lode system.,

These two groups of mines have been the most productive of a poorly
defined gold-bearing region extending from Windham Bay on the southeast to
4 or 5 miles north of Berners Bay on the northwest; this region is generally
imown as the Juneau Gold Belt. The term belt is applied as the region lies
within a group of metamorphic rocks that generally parallels the coast line
and the southwestern border of the Coast Range batholith. The total produc-
tion of the Treadwell group of mines is estimated at approximately $67,500,000

for their productive history during the period 1882 to 1926. The total pro-

duction of the group s e Alas lode system is estim-
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ated at approximately $92,000,000 for their productive history during the

period 1893 to 1947.

Although meny geologists and mining engineers have studied the gold
deposits of the Juneau Gold Belt the only comprehensive report covering the
geology and ore deposits is by Spencer (1906), who examined the area in the
field in 1903 and 190k, In 1916 the U. S. Geological Survey assigned A. C.
Spencer and H. H. Bakin %o a more detalled study of the Juneau Gold Belt,
?anicula.rly in the immediate vicinity of the Treadwell and Alaska=Juneau
mines. Their work lasted one season but because of World War I the report
on their work was delayed and in 1921 Bakin again visited the area to as-
semble more date that had been revealed by subsequent mining operations.
The results of the 1916 and 1921 work of Spencer and Eakin have not been
published.

Af'ter World War II, the U.S. Geological Survey initiated a new
study of the Juneau Gold Belt. The area selected for field study and
examination was that portion of the Belt extending from Taku Inlet northwest
to 4 or 5 miles north of Bermers Bay: i.e. the northern half of the Juneau
Gold Belt. W. 5. Twenhofel and F. A. Stejer were assigned to this tudy

and they commenced field work in the swamer of 1946.

CORY
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It is planned that Stejer will prepare en official Geological Survey
mmmmmm,-mhtmmﬁnpmasmmm
covering the area of his responsibility. Much, but not all, of the date in

this preliminery report will be included in the more comprehensive report

that is being prepared for the Geological Survey.

COPRY
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PREVIOUS INVESTIGATIONS 8

Mthummmmmgemgofmeaommnnﬁmw
Spencer (1906) based on field work in 1903 and 190k. His report is still the
most comprehensive report on the area. At the time of Spencer's work the Alaska-
Juneau mine was just getting into operation and his description of the geology of
the Alaska-Juneau lode system is necessarily sketchy. Since Spencer's work vire
tually nothing has been published on the geology of the Alaska-Junea lode system.
The September 1932 issue of the Engineering and Mining Journal was devoted to a
discussion of the Alsska-Juneau mine. Wernecke (1932) contributed to the issue
with a description of the geology of the north ore body as it was then known.

Several unpublished reports of a private nature have been prepared on the
Alaska-Juneau mine. These have been consulted in the preparation of this report.
They include reports by Wernecke (1918), Ball (1916), Graton (1916), and
Rogers (1916).

The Geological Survey manuscript report by Eakin (1922) also was freely
consulted.

A selected bibliography is given on the following pages. It is divided into

two parts. The first part lists articles dealing with the geology of the Alaska=-

Juneau lode system and the second part lists articles of a more general nature
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Alaska=-Juneau Gold Mining Company staff, The entire
issue of the Eng. and Min. Jour., vol, 133, no, 9, 1932,
was Gevoted to the Alaska~Juneau mine with articles ag
followes

History, organiszation, and outlook, by P, R, Bradley,
Consul ting Engineer.

Development, mining, and transportation, by L. H. Metzgar,
General Buperintendent.

¥1lling methods and ore-treatment equipment, by W, P,
Bcott, MNill Buperintendent,

Nechaniocal operations and roock disposal, by J. A. Williams,
Chief Engineer.

Bafety, welfare, and labor compensation, by L. H. Metzgar,
Ceneral Superintendent.

Gco]'.:fy of the ore zones, by Livingston Wernecke, Con-

ting Geologist.

Burveying, sampling, and assaying, by J. A. Williams,
Chief Engineer.

Purchasing methode and warehouse practice, By T. A.
Hellenthal, Chief Acoountant.
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HISTORY
The following historical summery of mining of the

was compiled from reports by Spencer (1906, pp. 2-3), Bradley (1932, pp. 460-461), |
and Rickard (1932, pp. M4-45, 57-61).

The history of mining of the Alaska-Juneau lode system is an integral part
of the history of the vhole Juneau area, including the Treadwell group of mines.
In order to maintain the continuity of the following summary, references necessar-
ily have had to be made to these other developments in the Juneau area, even
though they do not directly pertain to the Alaska-Juneau lode system.

In 1879, the distinguished naturalist, John Muir, in company with S, Hall
Young, was comuissioned by the United State government to explore the coast line
of southeastern Alaske from Windham Bay to Glacicr Bay. His report (San Francisco
Evening Bulletin, Jan. 10, 1880) prophesized that the area from Windham Bay to
north of Berners Bay, now lknown as the Juneau Gold Belt, would prove to be rich
in gold deposits. The later discoveries of febulous mineral wealth near Juneau
are testimony to the accuracy of Muir' s prophecy.

Muir's report was read by George E. Pilz of Sitka in 1880. Pilz, & mining
engineer, had just completed the first 10-stamp mill at the Stewart claim cn

Silver Bay near Sitka. Two prospectors, Joseph Juneau, & French Canadian, and

CORY
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Richard T, Harris, an American, were grubstaked by Pilz and Hall Bros. of San
mm»mpmuwmmﬂ@mmmmy. According to a more
mmmmwmmamwmmmawx.mmﬁsmm'
but according to Brooks (formerly Chief of the Alaskan Branch of the U.S. Geolog-
ical Survey, unpublished notes) who personally telked with Harris the prospecting
agreement was as follows:

"In the year 18080 Richard T. Havris and Joseph Juneau entered into an agree-
mntwithGeorgeE._PilzofSiﬁmandmuBroa.ofSanFrancisootopraapeetthl
mainland of Alaska for gold and silver lode end placer mines. The agreement pro-
vided that Harris and Juncau as compensation for such service reserved the right
to locate a2ll gold placer they should find, while Pilz and Hall Bros in their twmn
should receive the first location on every quartz vein discovered by Harris and
Juneau, who were to have the right to steke extensions of such quartz veins. In
addition to the mining plans, Harris was to receive three dollars and Juneau two
dollars for every day spent in prospecting. It is evident from the character of
this agreement that the backers of the enterprise were seeking lode mines, rather
than placers,”

Harris hed been & clerk in a store in VWrangell and later both he and Juneau
had been employed in the Stewart mine., Juneau was a French-Canadian, a nephew of
the founder of Milwaukee., Harris was placed in charge of the expedition, largely
because Juneau was unable to read or write the Enplish language. The expedition,
consisting of Harris and Juneau and three Indians, left Sitka by cance on July 19,
1880, They prospected Windham, Sumdum, and Snettishem bays, finding colors in
some of the gravels but none in peying quantities. They conbinued north through
Stephens Passage, pessed between Admirality and Douglas islands and arrived at Old

Auk Village on August 13. From Auk Village they went as far north as Berners

CORY
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Bay with discouraging results. mmmwmtmymmamm
the Mendenhall flats and Wﬁaﬁaaﬁmm-theymdsmm; The
next day Harris and Juneau discovered another stream from which they panned gold.
They prospected this stream up to & polnt lmown as Snow Slide Gulch and found
pmer ground containing considerable gold. They then returned to the salt water
with & smell amount of placer gold and loose pieces of quartz containing free
gold; they named the stream Gold Creek. By this time their provisions had been
nearly exhausted sc; they returned to Sitka and reported to Pilz.

On September 29 they returned to Gold Creek and established a camp. A few
days later they explored up Gold Creek in search of the loes from which the gold-
bearing quartz had come. The weter in Cold Creek was high at the time and they
found it impossible to traverse the creek beyond what is now known as Cape Horn.
They then climed Snow Slide Gulch and discoverved Silver Bow Basin, the ground that
is now the site of the Alaska-Juneau Mine. In Silver Bow Basin they found the
outcrops of the gold-bearing gquartz from which had been derived the quertz
boulders they had found on thelr previous trip. In all about 1,000 pounds of ore
were collected and sacked for shipment to Sitka. The next few days were spent

in locating mumerous placer and lode claims and in steking a townsite, which was

mmms,atc@th@@ Vrlﬁmmdw
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Pilz, who assayed the samples and reported them to carry $30,000,000 a ton.
Needless to say, thia report mﬁda sensation and prospectors flocked to
Gold Creek. On November 24 a ;team launch f@ the U.5. Revenue cubter
"Jamestown” took Harris, Juneeu, and Pilz to the newly created town of Harrise
burg. By 1801 upwards of 100 miners were &t the new cemp, end the Treadwell
group of claims on Douglas Island had been staked as had most of the claims in
the Gold Creek drainege. For a time the new camp was known as Harrisburg, but
delay in mail delivery caused by the fact that much of the mail was missent to
Harrisburg, Oregon, instead of Harrisburg, Alaska, necessitated a change in the
name of the town. It was first called Pilzburg, then later Roclkwell (after
Lieutenant Rockwell of the Cutter "Jamestown"); finally at a meeting in Deceme
ber 1801 it was decidedio rename the towa Juneau, after the elder of the two
discovers, and to name the district the “m mining district" after Richard
T. Harris, at that time recorder of the district.

By 1882 both placer and lode mining were under way. Same of these old
placer workings mey still be seen on the slopes of Silver Bow Basin, particularly
on the mountain sides above the Perseverance ground and above the glory hole of

the south ore body of the Alaska-Juneau mine. Placer mining attracted the most

attention, for it waes the quickest and easiest way to secure immediate return

for one's efforts. Pﬁ V&hmgh it produced over
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half a million dollars worth of dust, made but a minor contribution to the impore
tance of this m.ningmm in itsm‘buqmt history, Lode mining, on the other
hand, on which the future of the camp wes to rest, attracted the attention of but
& few far-sighted individuals. The placer deposits of Silver Bow Basin were first
worked in 1891 by the Silver Bow Basin Mining Co. This same year ownership was
acquired by the Nowell Gold Mining Co., who successfully worked the ground during
the placer mining season from 1891 to 1902,

On the mainland side of CGastineau Channel mining during the period 1880 to
1900 did not proceed at the rapid pace that it did on Douglas Island. The history
of mining on Douglas Island is a story in itself but does not belong in this re=-
port. The Ebner mine was worked by a man of that name who outlined the existance
of seemingly large reserves of lode ore. The p;opertywaa acquired by the United
States Smelting end Refining Compeny in 1912 and an adit was started to undercut
the ore at a depth of 1,200 feet., This project was discontinued in 1917 af'ter the
lode was undercut and explored with discouraging results., The Ebner mine remained
idle until 1925 vhen the Alaska-Juneau Gold Mining Co. made an agreement with the
U.S. Smelting and Refining Co. to mine Ebner ore, treat it in the Alaske-Juneau

mill and pay the owner a royalty on a basis of the tonnage and grade mine from

v ool O
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The Perseverance mine first ua.me into being in 1895 when Joseph T. Gilbert
and partners acquixeﬂ the proper‘t‘;y and built -ar 10-stamp mill. Mining m con=
fined to surface outcrops. Opera.tidns ceased in 1899 when the surface installa=-
tions were destroyed by a snowslide. In 1900 W. J. Sutherland (known as "Colonel"
bevause of his having once been on the staff of a Cuban governor) took over the
active menagement of the Perseverance mine and drove the Alexander Crosscut.
Sutherland and Gilbert completed a 50-stemp mill in 1906 and added another bank
of 50 stemps in 1907. Sutherland and Gilberl operated under the name of the
Alasks Consolidated which was the holding compeny for the Perseverance Mining Co.
The compeny produced ore regularly during the swmer seasons until 1911 when
Sutherland died. The heavy snowfall end severe weather prevented mining operations
during the winter monthe. The mill was destroyed by fire in 1912. Prior to
Sutherland's death Louis Shackleford brought the Perseverance Mining Co. into
court by reason of claiming apex rights to the ground that Sutherland end his
associates had mined, Shackleford, along with B, L. Thane of Juneau, and W. P.
Hammon of Sen Francisco organized the Alaslka-Gastineeu Mining Co. for the purpose
of acquiring the Perseverasnce property and consolidating it with the claims held

by Shackleford and Thane. This was accomplished in 1912 and the company sent

COPRPY



6 o 18

D, C. Jackling and A. F. Holden to Juneau %o examine the mine and to plan its
development. Their plan vas ‘to construct a 6,000-ton mill at the mouth of
Sheep Creek to undercut the Perseverance workings T0O feet below the old workings.

The plan was actively and vigorously purshed and by March 1915 the mill
was receiving ite first ore from the mine. A completely modern railway system
and all the other adjuncts of a modern industrial plant were installed. A
company town, known as Thane, was constructed on the Gastineau Channel 4 miles
goutheast of Juneau. To furnish power for such a large operation the company
built three hydroelectric plants, two on Salmon Creek and one at Amnex Creek on
Talan Inlet., The large dem on Salmon Creek is of interest because it was among
the first constant-sngle, concrete-arch dams to be cmnstructed. The successful
completion of all of the development work within a period of three years was a
notable achievement in mining history. At the onset the cmﬁbiqadminingandmillmg
costs were stated to be only TO cents a ton, a most remarkeble achievement.

The Alaska-Gastineeu Mining Co. operated at a small profit during 1915-
1917 but from 1918 to June 1921 when it ceased operations the company operated
at a loss., The failure of the Alaska-Gastineau enterprise is attributed to

several factors among which were an overly optinistic estimate of grade, uncontrol-

CORY
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led dilution of the ore by ca.vingrfran the upper stopes, mounting costs of oper-
ation brought about by the eco#mic dialomm of the World Wer I, and finally
the fact that the mill was designed for dry-crushing of ore whereas most of the
ore delivered to the mill was quite moist, In this area the extessive rainfall
permeated down through cracks in the rock caused by mining opez;ationa and the
ore became wet.

Perseverance ground remained idle until 1933 when the neighboring Alaska-
Juneau Gold Mining Co. purchased all of the Alaska-Gastineau Gold Mining Co.
assets. At that time the entity of the Perseverance mine ceased; thereafter it
was an integral part of the Alaska-Juneau mine, with the ore being developed from
the adjoining Alaska~Juneau mine and the ore being treated in the Alaska-Juneau
mill.

The Alaska-Juneeu Gold Mining Co. was organized in 1897 and acquired 23
patented lode claims by purchase; these original claims have since proved to be
the main part of the lode system on the mainland. In the year of its organization
the company installed a S5-stamp mill to handle ore from selected open pits in
Silver Bow Basin. This was augmented in 1896 by the addition of a 30-stamp

mill., In 1903 underground operations were commenced from adits driven on the

southwest slope xsu@m@m P V of the Alaska-Juneau
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recognized that gold values were contained only in quartz and they were the first
to use sorting to increase the value of the mill heads.

In 1910 F. W. Bradley, who at the time was president of both the Alaska-
Juneau Gold Mining Co. and the Treadwell groups of mines as well as consulting
engineer for Treadwell, proposed that an adit be driven from en elevation of 420
feet on the slopes of Gastineau Channel to undercut the lode beneath the old
workings in Silver Bow Basin. F. W. Bradley personally contracted with the
Alagks-Juneau Gold Mining Co. to drive the adit and equip the mine and construct
& pilot mill in retuwrn for one half of the company's stock. This entire develop-
ment was completed late in 1913 and the mine and mill were successfully operated
through 1916, It should be noted at this point that this pilot mill incorporated
facilitles for sorting of the ore prior to being milled, a feature that had been
proved necessary from the early days.

In 1915 success scemed assured to the gigantic undertaking of the nearby
Alaske~Gastineau Gold Mining Co. and meany of Mr. Bradley's associates thought it
advisable to undertake a similar large scale operation for the Alaska-Juneau mine.
Mr, Bradley held out for a more modest operation, but because of failing health

was forced to give up his side of the argument. The Board of Directors then

authorizeﬂ the issuance @hck @Wm order to finance the
construction of a 8,000-tenr mill.
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The mill was put into operation on April 1, 1917, and soon thereafter it
became apperent that it was a failure. April 1917 was probably the most critical
month in the histoﬁ of Juneau., At the beginning of the month success seemed
assured to both the Alaska-Junesu and the Alaska-Gastineau enterprises; the Tread-
well mines across the channel were going at full capacity. By the end of the
@m all of the Treadwell group of mines, with the exception of the Ready Bule-
lion, had caved and were flooded by sea water; the new mill of the Alaska-Juneau
was a fallure, and it was becoming increasingly apparent that the Alaska-Gastineau
enterprise was encountering serious difficulties.

The 8,000-ton mill of the Alaska-Juneau had included no provision for prior
sorting of the ocre, and the crushing and grinding section of the mill did not
function properly. The entire enterprise appeared doomed for failure; the
company's funds were exhausted and it was deeply in debt. In the middle of 1917
F. W, Bradley, his health recovered, resumed control and en active program of
mill redesign was carried on. A system of hand sorting was installed and the
crushing and grinding section was completely revamped. Mr. Bradley personally
advanced the major portion of the funds necessary for rehabilitation. The years

1920-1925, vhile the mill was being reconstructed, were trying and discouraging

to the Alasks-Juneau M@m @‘MEB&V%@«» effort on the
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part of F, W. Bradley and his brother, P. R. Bradley, who served as resident
manager from 1914 to 1920, and consulting engineer thereafter, the capacity of
the mine wes increased to slightly more than 10,000 tons per day, which &ter
preliminary crushing and sorting were decreased to slightly more than half that
amount to be put through the rest of the mill.

The history of the company's efforts is a brilliant story of engineering
skill and in spite of seemingly insurmountable odds the company was finally able
to solve all of the engineering problems and for the first time was able to declare
& dividend in 1930. The success of the enterprise seems even more astonishing
when it is noted that in 1930 the average yield per ton or ore was 90 cents and
the average cost per ton of ore mined was about 50 cents.

In 1933 when the official price of gold was raised from $20.67 per ounce to
$35.00 per ounce the Alaska-Juneau Gold Mining Co. entered into its most prosper-
ous period of activify.

The controlling interests of the Alaska-Juneau and Treadwell group of mines
had always been tied very close together and after the Treadwell group of mines
ceased operations the Alaska-Juneau Gold Mining Co. assumed control of the former
holdings of the Treadwell group of mines. In 1933 the Alaska-Juneau purchased

the interests of the Alaska-Gastineau Gold Mining Co.

=
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The most recent event in the long and colorful history of mining in the
Juneau area was the shut-down of the Alaska-Juneau mine in April 19hk, Herly in
World War II the high wages paid to workers on defense-construction jobs in
Alaska and nearby Canada attracted many of the miners from Juneau and as a
consequence the Alaska~Juneau was forced to reduce its output. Unit costs, there-
fo_re » increased and the company declared its last dividends in 1941, The manage-
ment struggled to keep the mine open in the face of the labor shortage, but a
w§,r ILebor Board decision that they must increase their wages forced the company
to close the property. At present a small staff and maintenance crew is meintained
in Juneau. The Alaska-Juneau mine, and the Treadwell group of mines before it,
has long been the world's largest producer of low grade gold ore. The margin of
profit per ton has been but a few cents and increased costs have ‘naturally
affected it more adversely than in the case with any other mines. It is expected
that the Alaska-Juneau Gold Mining Co. will make every effort to protect its multi-
million deollar investment at Juneau in anticipation of reopening when economic
factors are more favorable than they are now.

PRODUCTTION

Since 191% the production records for the Alaska-Juneau lode system are quite

reliable for all of the @cti mvmtm of large companies
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that reported thelr annual production in their published annual reports. Prior
to 1914 the record is uncertain. Smith (1942, pp. 182-183) has made what is con-
gidered to be the best estimate and his statement is as follows:

"Estimates as to the production of lode gold from the country immediately
adjacent to and east of Juneau, here called the Juneau area, involve considerable
uncertainty because of the various changes in ownership that have occurred where-
by there has been duplication or overlap of some of the early reports and the dise-
tinctim between lode and placer gold has not always been made. Thus Spencer,
(1906, pp. 59-60), on extremely indefinite information, estimated that the mines
in the Gold Creek area up to 1904 had probably produced sbout $2,250,000 in gold,
of which about $1,000,000 was from lode mines. This estimate checks fairly closely
with certain records from other sources. For instance, Spencer states that the
Ebner mine on Gold Creek had produced gold to the value of $575,000 up to the end
of 1902, and in 1903 had produced lode gold worth in excess of %25,000, or a
total of $600,000. In its annual reports the Alaska-Juneau, which has operated
the only other large lode-gold property in Gold Creek, combines all of its pro-
duction from 1893 to 1913, inclusive, in one item, which is given as $707,730
(see page 27). If from this total is subtracted the amount recorded in the reports
aveileble in the Geologicel Survey for each of the years 1906 to 1913, it is
found that the remainder, representing the production from 1893 to 1905, inclusive,
is $510,079. However, some doubt is felt as to Just what area is included in this
company's early record, because the company was not organized until 1897, so that
the earlier records of production for the claims it later acquired were assembled
from various sources, which are no longer available for analysis. Unless it in-
cludes more than the production from its own restricted holdings, the amount seems
excessive, because up to 1896 only a small S-stamp mill was in operation on its
property, and the mill was running only during the summer months. In 1896 a 30~
stamp mill was built, which also was run only during the summer.¥#%"

"#%It is believed, therefore, that something like $200,000 now attributed
to the Alaska Juneau property, came from other properties .

For this report the entire sum reported by the Alaske-Juneau Gold Mining Co.
for the years 1893 %o 1913, inclusive, is given as reported by that company. The
preduction of the Alaska-Junesu mine, as reported by the Alaska-Juneau Gold Mine-
ing Co., is given in taeble 2 and shown in graphical form on figure 1.

Table 1 gives the production of the Perseverance mine. Data for the years

1907 to 1912, inclusive, and for &
pp. 186-187) and are m@

021 are from Smith (1942, teble 5,

Igold dliced and do not include small

-
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supplemental values obtained m mtamed Bgm, zinc, and lead. ﬁatntnr thn .
years 1915 to 1921, ﬁemsm, are from ennual reports of the Alam-ﬂssﬁmau
Gold Mining Co. In 1934 the entire holdings of the Alaska-Castineau were pur-
chased by the Alaska-Junesu Gold Mining Co. and all subsequent yield from the

Perseverance mine is included in the production of the Alaska-Juneau mine.

CORY
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Table 1, Prouction of the Perseveranoe mine

Year Tons orushed Yield per ton Total yield
1707 ? ? & 85,122 (1)
L= gig ? L4 171,055 (1)
1710 7 ? 119,169 (1)
1711 ? ? 97,723 (1)
ukks ? ! 73,465 (1)
o Bt es ! none none none
1944 none none none
1S 1,115,204 0,04 1,046,104
a5 1,892,768 0,97 1,857,291
107 2,240, 348 0,90 2,009, ¢
1019 1,286,446 0,88 1.37%6,280
19 2,261,688 0,66 1,474,470
17 2,153,468 0,70 1,487, 57¢
107 T ' 728 952 (1)
Total #10, 363,843 (2)

(1) Gold values only, ¢oes not include les ey amounte of

silver, lead, and zinec,

(2) Does not 1noiuﬂo an unknown amount of production for
the years 1805-1907, Produection from 1934 to 1944 1a
inoluded as part of the Alanke=Juneau mine.
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[WLE 2, PHOPUGTION OF ALASKA=JUNFAU HENE:
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(1) From Plant absorption oleanup

Yield per ton

Tong trammed  Tons milled trammed
507, 254 330, 278 1,40
62, 436 80,026 n,24
179, 892 179,892 .19
180,113 180,113 0.61
877,410 677,410 0.68
692,218 674, °86 0,78
892,896 816, 302 0,78
242,870 837,321 0.84
1,613, 800 904,323 0,64
2,310, 580 1,108, 569 0,60
2,476, 240 1,134,759 0,61
3,088,150 1, 367, 528 0,87
3,481,780 1,537,864 0,83
3,829,700 1,649,878 0,54
4,767,810 1,839,895 0,B8
3,718,140 1,785,101 10,879
3,538, 440 2,020, 470 0,98
3,924,460 2,066,239 0,90
4,162, 380 2,298, 998 0.93
4,001,830 2,414,469 0.87
4,085, 960 2,466,832 0,07
4,102, 600 2,387,138 1.08
3, 729, 660 2,091,478 1.15
4, 868,800 2,487,048 2.4
4,442 760 2,281,079 .24
4,663,880 2,478,928 1.15
4,648,080 2,377,718 .01
4,739,790 2,308, 307 0,94
4,364,770 2,211,211 i, N0
?,765,190 1,624,601 n,90
1,461,830 898, 384 1.00
378,800 240,879 0,93
none none
none none

Summa ry

Ton. tmmd.......'.......l.....ae ‘Gﬁm
Tons mﬂllcd......................47 19? 1na
Average yleld per ton trammed.........80.M
Average yield per ton milled..........81.72
TOLAY Y1018, .00unernnern.nnass. 881,020,841
Ounces of gold....................2 888 228
Ounoces of lIIVer..................1 949 a19e
Pounﬂ. or l.adﬂtl'......‘..ll..l.m "19",51

1, 15
1.33

1.44
1.25
1.33
1.8

1.7

1.72,
1.69

1.33
1,61
1.92

e 20

9.4:; ,
16

l.qﬁ i

1.93
1.78
1.80
] L 60
1 .47

¥

206 :

Yield per %
m™11] edl

T



Hetals Recovered

B
3
8
LD
)3 §

Yield per ton i

: s gold silver ®

f"ngeﬂ Total yleld (ounces) (ounces) (pounds)
8%:}‘; e m,'gg 34,240 not recovered
1.19

1cde ;}i gzg 38, 607 21,284 471,278
g.gg 489, 360

068 {25,240 1o e
1.24 ‘mo1’ 290 36 456 T e e
1.16 1036, 251 46 014 4n'g?2 s
1.75 1788, 670 82 7y 49’ 40t e oh
1.33 17814, 72 60 147 pi aﬂ? e
1.60 - (I8 780 a0’ o e fhcl e
1,44 104’ 784 08’13 e L 250,867
1.28 o' ne7. 837 93’ 473 gg'ég% 1, 3,974
1.33 o’ 483 0g2 112, 663 61 232 1'500'915
1.84 2l 118,019 162047 Si iy Lelaleod
1.79 =" eon’ oan 164’ "3 m'sﬁ 2,00, GBD
1,72 %’ 581 280 163 3192 9?'60; f's g
1.69 =’ o7t 820 170 £ e Ees o
1.33 =' o3g'1a3 151" 578 04’ 519 320,170
1.61 =" aen’ 166 180 67 s 029,263
1.92 4, BB2, BS" 178,716 188 ége i'f%a i

- nt ‘ : ' :
ve WS  nee T Do
2,45 5 z1e. 414 151’ 67 101’531 ", 107,54
2.16 6. 24,408 148,103 I o i
1283 'f' 'n*v 170,017 1y DT
.93 e on’ 4750 Jode ‘.“‘“
1.89 5’ 749’118 78, 577 6°, ~98 1'::3.96’
1.62 1’4585, 861 20’ 077 36, 57 et
1. 47 ' 387 818 To'mo % &0, 0m0
4 ’ 263 none

'
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The total value of the estimated production of the
Alarka=Juneau lode system is glven below:
1. Lode Eroduotion of Alaska-Junenu mine
893-1948 881,020,078

o, Lode production of Perseveranoe mine

1907=1921 10, 383,843
3, lode production of Ebner mine (ox-

sludes values obtained during

lease t0 Alaska=Juneau). 800, NOO
4. lode production of other small proper-

ties on 0old Creek. 400,000 (1)
6. Placer production from Gold Creek. 1,308,000

Total 93,687,661

(1) Probably includes production from Peraeveranoe
for period 1895-1907,

LOCATION, CULTURE, AND ACCFSSIBILICY

The Alaska-Juneau lode system 1s on the mainlnnd of
southeastemrn Alauia about 3 and one-half miles northeant
of the city of Juneau., Juneau is a modern oity of about
8,000 people and is the capital of the Territory as well ns
the main Alaskan headquarters of many Federal agencien, It
18 situnted at the delta of Gold Creek and on the surrounde
ing slopes of ¥t, Juneau and Mt. Roberts., It 1s aepariied
fyom the town of Douglas and Douglas Island by Gastineau
Channel, a northwest-southeast trending flord.

Juneau is served at least once & week from Jeattle by
the Alncka Steamehip Co. with interoonnections to nenrly
all of the other Alackan ports. Canadian Pacific Steanahip
Co. an® Cansdian National Steamship Co. sarve Juneau fron
Vnnoouver, B, C. Aduring the summer monthe. The harbor is

well proteotsd and is suitsble for ships of any si-e. Dally
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plane service is maintained with Seattle by Pan American World Airlines, and with
Anchorage by Pacific Northern Adrlines. Daily plane service is maintained to an =
towns of southeastern Alaska by Alaska Coastal Airlines and Ellis Airlines. There
are no road or railroad connections from Juneau to the "Outside". During summer
mo_xﬂzhs a ferry service is operated between Juneau end Haines with connections to
the Alaske Highway.

Throughout most of its history the principel industry in Juneau has been gold
mining., Ever since 1912 when the capital of the Territory was changed from Sitka
to Juneau there has been a steadily increasing proportion of the population em=
ployed by the Territorial and Fedem l governments. The fishing and timber induse-
tries contribute a smell but substantial income to certain Juneauites. For many
years the gold-mining industry employed upwards of a thousand persons. The number
of persons employed in the mining industry began to decrease in 1940 as the lure
of higher wages paild for war-time construction elsewhere in Alaska and (anada
attracted workers away from Juneau., Since 1944 when mining ceased in the vicinity
of Juneau the principal source of outside income for Juneau has been its govern-
ment payroll. Fortunately for Juneau the govermment payroll increased as the
mining-industry payroll decreased and as a consequence the economy of Juneau has

SR O T B

Roads from Juneau extend across Gastineau Channel to Douglas Islend and
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‘thence to the town of Douglas, to Thane, a community of less than a dozen fami-
lies about L miles southeast .dt Juneau and, to Auk Bay and Eagle River th_ai"..
of town. Many persons ;ns.intain summer and year-round homes near Auk Bay.

Juneau and vieinity produces very little of its own foodstuffs; virtually
all of it is imported from Seattle sources.

The cost-of-living in Alaske is considerably higher than in the States.
Prices for more services and commodities are about 25 per cent higher in south-
eastern Alaska and %0 to 50 per cent higher elsevhere in Alaske than prices in
the States. Wage scales are coamparably higher than Stateside wages.

PHYSICAL FEATURES

The Alaska-Juncau lode system lies on the southwest flank of the Coast
Range of southeastern Alaska. Southeastern Alaske is an area of rugged and moun-
tainous relief with thousands of mountainous islaends and interconnecting water-
ways. Altitudes range from sea level to peaks on the British Columbia-Alaska
boundary on the crest of the Coast range that attain heights of 10,000 feet,

The mountain slopes are generally very steep, the valleys are narrow and aveas of
low flat land exceeding a few square miles are very rare.

The Glaciers and fiords of sout.hgastem Alaska are among the most magnifi-

f glacie; ( nd tide water and in the
OPrPY

cent in the world. Seve
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higher mountains are thousands of smaller glaciers. The mountains, fiords, glaciers,
and forests of southeastern Alaska constitute a most valusble scenic asset that is

as yet only partially developed and publicized as a tourist attraction.

Buddington's and Chapin's (1929, p. 23) description of the topography of

southeastern Alasks is as follows:

"#¥%gt many places cliffs rise sheer from the water's edge to altitute of
2,000 to 5,000 feet; and a short distance back from the shore snowy peaks 6,000
to 7,000 feet high are common., ¥*¥ Thousands of small glaciers occur in the
mountains, some clinging to slopes so steep as to cause wonder how they can remain
there, and some terminating in ice cliffs from which huge masses are continually
falling. ©Some of these valley glaciers discharge icebergs into the sea. Here
and there waterfalls, starting hundreds or thousands of feet high on the mountain
gides, plunge down in o series of cascades into the valleys or into the sea. So
steep are many of the mountain slopes that great landslides are common, and long
triangular scars, both old and recent, are a feature of many views.¥¥%"

"The topography is that of an adolescent rugged mountainous region, in which
the ranges have been deeply dissected by river erosion, modified by the great
Pleiato;:ene ice sgheet, and sculptured by alpine glaclers of Pleistocene and Recent
aga,*l-*

"The evidences of the great ice flood of Pleistocene time are found in the
fiorded coast line, in the modified shape of most of the pre-existing river valleys,
in the presence of hanging valleys, in polished, grooved, and striated surface,
and in roches moutonnees. The results of extensive alpine glaciation are seen in
the many cirques, tarns or mountain lakes in rock-rimmed basins, knife-edged or
comb ridges between cirques, and Matterhorn-like peaks, on both the meinland and
the larger islands of the archipelago.”

The topography and physical features of the country in the vicinity of the
Alaska-Juneau lode system are shown on the U.S. Geological Survey quadrangle
sheet entitled, "Juneau and vicinity, Alaska."

The Alaska-Juneau lode system is a northwestesoutheast trending structure that

extends socutheast almost to the crest of the ridge between Sheep Min. and Mt.

COPRY



- o

32
Roberte, and extends northwesterly ‘_acrosa Icy Gulch and along the southwest
£lank of Gold Creek valley for i W miles, and thence scross Gold Creek
valley for about two miles, and thence across Gold Creek and part way up the
gsoutheast flank of Mt. Juneau. The principal production has been obtained from
the central part of the lode system,

The most prominent mountains are Mt. Juneau (3576 feet), Mt. Roberts (3810
feet), both on the mainlend, and Mt. Bradley (3337 feet) on Dougles Island.

On the mainland side of Gastineau Channel the mountain slopes rise abruptly
from the water's edge; the slopes are interrupted by several streams rising 5 or
6 miles back from Gestineau Channel. These are Sheep, Gold, smd Salmon Creeks.

The land on the Douglas Islaund side of Gastineau Channel rises gradually
from the sea to altitudes of from 400 to 600 feet about a mile from the coast, and
then the slopes sbruptly increase to a steep rise to the ridge and mountain tops.
The mountain slopes ave dissected by the Nevada, Ready Bullion, Bullion, Paris,
Lawson, and Cowee creeks.

Gestineau Chamnel bears unmistakable evidence, in its U-shaped cross
sectioﬁ and the truncabed mountain spurs, of former g]#ciation. All of the

present stream velleys also were glaclated in recent times. They are typlcally

U-shaped with over-sw@ @ Vsmm have their
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headwaters in well-formed cirques.
All of the present land surface in the Juneau area was glaciated., The
lond surface above about 2,500 feet altitude in the Gastineau Channel drainage

was glaclated long prior to the most recent valley glaciatlion.

WATER POWER
The Alaska-Junesu Gold Mining Co. owns all of the power plants in the
Juneau area, with the exception of one small hydroelectric plant owned by the
Alaska Electric Light and Power Co. distributors of electric power for the City

of Juneau. The power plants serving the Juneau ares are llsted below:

Plant Average horsepower¥
Annex Creek 4,530
Treadwell 1,020
Sheep Creek 2,090
Nugget Creek 2,320
Upper Salmon Creek 3,020
Lower Salmon Creek 2,470
Alaska-Juneau steam plant 5,965

Gold Creek %00
22 2

*Figures from "Water power of southeast Alaska," report by Federal Power
Cormission and the U.S. Forest Service, 1947.

The Annex Creek power plant is on the shore of Taku Inlet 21 miles by water
from Juneau and is interconnected with the Juneau system by a 15 mile overland
transmission line. Runoff is regulated by a 10-foot timber dam and a tunnel

154 feet below dam level. e mean effective head is 755 feet. The power in-
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stallation was started in 1915 by the Alaska-Gastineau Gold Mining Co. and
campleted in January 1916. Title to‘bhe power installation was acquired by the
Alaska-Juneau Cold Mining Co. in 1934 when it purchesed ell the assets of the
Alaska-Gastineau Gold Mining Co.

The Treadwell power plant is located sbout a mile south of the town of
Douglas on Douglas Island. Water is supplied from the llh-mile long Treadwell
Ditch which collects water from Fish, Eagle, Cowee, Lawson, Paris, Bullion and
Ready Bullion creeks and brings it to the power plant. The effective head is
about 500 feet. The Treadwell Ditch is now in disrepeir and no attempt is made
to keep it in repair. There are no provislons for water storage. The original
installation was started in 1882 by the Alaska-Treadwell Gold Mining Co. and
operated by them until 1928 when all the assels of the company were acquired
by the Alaska-Juneau Gold Mining Co.

The Sheep Creek power plant is at the mouth of Sheep Creek % miles southeast
of Juneau. Water is diverted from Sheep Creck at the 620-foot altitude into a
flume and thence into a steel penstock to the power house at sea level. There
are no provisions for water storage. The effective head is 600 feet. The orig-

inal installation was started in 1910 by the Orford Mining Co. and was replaced

by & larger mmﬁi«@\t bvw“"‘ Gold Mining Co.
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The plaent was acquired by the Alaska-Juneau Gold Mining Co. in 1928 when it
vhen it acquired all the o Alaska-Treadwell Gold Mining Co.

The Nugget Creek power plant is near the front of Mendenhall Glacier 14
miles northwest of Juneau. Water is diverted from Nugget Creek, just before it
f:!.ows under Mendenhall Glacier, into a rock tunnel and thence into a wooden stave
conduit to a point on the mountain ;1ope 490 feet higher than the power house.
The original installation was constructed in 1913 and 1914 by the Aleska-
Treadwell Gold Mining Co., the Alaska-Mexican Gold Mining Co. ; and the Alaskae
Gold Mining Co. The Alaska-Juneau Gold Mining Co. acquired the property in 1928
when it purchased all the assets of the Alaska-Treadwell Gold Mining Co.

The Upper Salmon Creek power plant is located at L67-foot altitude 2 miles
from the mouth of Salmon Creek., The lower Salmon Creek power plant is at tide-
water 2 and one-half miles northwest of Juneau. Waber storage and regulation is
accomplished by means of a 170-foot high dam, whose crest is at 1,177-foot alti-
tude. Water from the reservoir is conducted by means of a steel pipe to the
upper Salmon Creek power plant. The mean effective head is 583 feet. Water from
the tailrace of this power plant is conducted in & flume along the south slope of

Salmon Creek to a steel penstock which carries the water to the lower Salmon Creek

power plant. The effac'@ad @a @MVBSS feet. Both of the
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power plants and the concrete dem were comstructed in 1915 by the Alaska-
Gastineau Gold Mining Co. dméréhip passed t0 the Alaska-Juneau Gold Mining
Co. vhen it purchased the Alaska-Cestinesu Gold Mining Co. in 19;9,1&.
The Alaska-Juneau steam plant was constructed in 1917 near the offices and
warehouses of the Alaska-Junesu Gold Mining Co. just southeast of the clty limits
of Juneau. It was originally intended to supply electric power to the Alaska-
Juneau operation, beczuse at that time the Alsska-Gestineau and the Treadwell
group of mines required all of the hydroelectric powver then aveilable. After
the closing of theAlaska-Gastineau and Treadwell operations the steam plant
was needed only for standby use when water supplies became low in winter months,
or when transmission lines were broken.
The power plant of the Alaska Electric Light and Power Co. is in the
City of Juneeu and obtains its water from Gold Creek. Water is diverted from
Gold Creek at 240-foot altitude into a flume end thence into a steel penstock
leading to the power house. The effective head is 220 feet. This plent is not
capable of supplying all the needed electrical energy for the City of Juneau, and
the remsinder of the needed power is supplied by purchase from the Alaska-Juneau
Gold Mining Co.

All of the power p@ wt@ Nugget Creek plant which

has not operated for several years, are interconnected through a central station
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at the Alaske~Juneau steam plant in Junesu. The two plants with provision for
storage, namely Annex and Salmon creeks, sre used only when the stream-flow plants
canmot supply the requirements of the City of Juneau. Ever since the Alaska-
Juneen mine closed in 1944 there has been an excess of electric energy availeble.
CLIMATE

The average monthly precipitation and temperature at Juneau is given on the
accompanying graph. (Data from, Climatological Data: 1949, vol. 35, no. 13, U.S.
Depert. of Comm., Westher Bureasu). The averapge total yeerly precipitation for
Juneau is 83.7 inches, most of which £alls as rain. The average snowfall for
Juneau is about 9 feet. June is the driest month (average 4.0k inches) and Septem-
ber and October ere the wettest months (average 10.17 and 11.h1 inches, respectively).

The mean anmual temperature is sbout 42°F., The highest temperature ever
recorded is 89°F., and the lowest minus 15°F. The coldest month is January with an
average temperature of 27.8°F, and the warmest is July with an average of 56.7°F.
The moderating influence of the Pacific Ocean and the Japanese Current is seen in
the above figures.

Sunshine at Juneau average 29 per cent of the total possible amount,

The prevailing winds from the southeast are warm and moist and generally bring

cloudy and rainy weather. Extremely strong g ty northerly winds, locally

know as "Taku Winds" ax uen inter mon and are invariably accompanied
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by clear and cold weather.

The Juneau harbor is open year-round., During periods of cold the %z_a.z‘bor will
freeze with a few inches of surface ilce, but generally the movement of the tides
rapidly breaks the ice and it is dispersed.

Precipitation appsrently is markedly increased at higher altitude, During
th;a years 1916-1937 s 8 btotal of 90 months of record were cbtained at the Persever-
ance camp in Silver Bow Basin of Cold Creek., The records indicate that the Per-
severance campt at altitude 1,400 feet receives an average of 176 per cent of the
precipitation recorded at Juneau only three miles away (Federal Power Commission
and U,S, Forest Service, 1947, pp. 16-17.) Other weather stations in southeastern
Alasks indicate a similar increased rainfall at higher altitudes.

As in most regions, temperatures are lower the higher the altitude.

VEGETATION

The Juneau aresa, like most of southeasternm Alaska, has vegetetion character-
istic of the typlcal temperate-zone, rain-forest of coast regions. The forest
cover might best be described as jungle-like, consisting as it does of dense stands
of spruce and hemlock with an even more dense undergrowbth of small bushes and
ghrubs. Muskeps are common on flat uplands and on poorly drained steep slopes.
Small dwarfed lodgepole 8 grow_only s. The undergrowth
consists of devil's c&n@lm@r )

bushes such as salmonberry
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and blueberry.
Timberline generally lies at between 1,500 to 2,000 feet above sea level.
For a short distance above timberline is a dense growth of alder and salmonberry
bushes, and then upwards the slopes are bare or covered with grasses and flowers.
The dense vegetation below timberline venders travel by foot extremely dif-
fi;zult and prospecting virtually fruitless. By necessity geolpgic mepping and
examination are confined to the almost perfect shoreline exposures, the creek
bottoms, and the ridge tops.

DESCRIPTIVE GEOLOGY

CENERAL FEATURES

The rocks in the vicinity of the Alaske-Juneau lode system consist of an ex-
tremely thick sequence of clastic sediments and volcanics intruded by the Coast
Range batholith, and related satellite intrusives, with consequent metamorphism
and tilting of all rocks older than the batholith. Fossils have been found at
only one place within the Juneau area (Gastineau volcanic group) and all age
assignments are problematic. Age determinations by lithologic correlation with
nearby localities have not been satisfactory.

Listed below, in approximate order of age from youngest to oldest, are the

CORY
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With the exception of the Tertiary (?) dikes and Pleistocene and Recent
sediments, all of the rock units strike approximately northwest-southeast and
dip from 20 to 85 degrees, (average about 55 degrees), to the northeast. The
regional structure is thus a monocline. On the northeast the bedded rocks are
intruded and bounded by the Coast Range batholith whose contact with the bedded
rocks approximetely parallels the structure of the bedded rocks. In detall the
contact appears to parallel the bedding; however, along the strike of the contact
to the northwest the batholith progressively cuts across successively older rocks
and is truly a transgressive contact. The Coast Range batholith haslinear and
planer elements which parallel those of the bedded rocks.

No folds larger than a few tens of feet in wave-length are known to exist,
and these are confined to the Treadwell and Perseverance slates, which, it seems,
were less competent than the other rocks and yielded to orogenic stresses by
small-scale, drag-folding.

There are hundreds, if not thousands, of faults cutting the bedded rocks; be-
cause of the difficulty of recognizing faults beneath the surface cover of vege~
tation, only a few of them have been mapped on the surface. The most prominent
is Silver Bow fault, a steeply dipping, east-west cross fault that cuts across the

Alaska-Juneau lode Bﬂ'@ﬂmdml of £

subsi to Silvery Bow fault have
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been recognized and mepped underground.

The surface features of the Juneau area are the result of stream and river
erosion followed by alpine glaciation and changes in sea level with respect to
the land. As in most glaciated areas the glaciers have so modified the land-
forms that the bed-rock geology finds little expression in the present land
auﬁac? » except for minor features such as gullies formed since glaciation along
fault zones or other zones of weal rock. The characteristic land forms are U-
shaped valleys, fiords, over-steepened mountain slopes, rounded mountain tops
and valley bottoms partially filled and covered with glacial deposits.

The two principal lode systems in the Juneau area are the Alaske-Juneau lode
system, and the Treadwell lode system. The latter is not described in detail in
this report; the ore bodies consist of mineralized portions of the Treadwell Dike,
one of the diorite porphyry sills within the Treadwell slate. Gold was by far
the most valuasble minersel in the Treadwell deposits.

The Alaska-Juneau lode system is confined to the Perseverance slate. The
deposits, which are chiefly valuable for gold but also contain small amounts of
silver and lead, consist of stockworks of quartz veins near slate and metagabbro

contacts. Values are confined almost entirely to the veins themselves, a situ-

ation that makes hand o@of v
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3 DOUGLAS ISIAND VOLCANIC GROUP

Distribution and Character

The Douglas Island volcanic group of rocks form the backbone of Douglas Ise~
land and extend thelength of the island. These rocks can be traced northwesterly
from Douglas Island along the east shore of Favorite Channel and Iynn Canal to
mmm Bay, and southeasterly along the Glass Peninsula of Admiralty Island.
The Douglas Island voleanic group is included in the "slate-greenstone band"
described by Spencer (1906, pp. 16-18, pls. 4 and 37) and iepreaented on his
geologic map. Wright (1906, pp. 141-1k2, pl. 33) described a belt of "slates and
greenstones” that occur throughout Glass Peninsula on Admiralty Island; the green-
stones presumably are the southeasterly continuation of the Douglas Island volcanic
group. The volecanic rocks mapped and described by Knoph (1912, pp. 18-20) as
augite melaphyres are the northwesterly continuation of the Douglas Izland vole-
canic group.

The Douglas Island volcanic group of rocks prevailingly strike about N. 45° W.
and dip from 20 degrees to T5 degrees to the northeast. Local variations from
the prevailing altitude are found, but such variations are few and of minor con-
sequence. On the northeast the volcanic rocks are bounded by the Treadwell slate

and on the southwest are bounded by an unnamed sequence of rocks comprised of

slate, grayum,andaq@m s Voﬁmm erops out on
\
=
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the west side of Douglas Island and on Portland, Coghlin, and Shelter Islands.
A1l evidence indicates that the Douglas Island volcanic group is conformable with
both the overlying Treadwell slate and the unnamed underlying sedimentary sequence.
The boundary dravn between the Treadwell slate and the Douglas Island volcanic
group is quite arbitrary. As one crosses the boundary from northeast to southe
we—st, a few isolated narrow bands of volcanic rocks are first encountered inter-
bedded with the Treadwell slate. As one continues southwest the voleanic bands
become more and more numerous until finally the slates are entirely missing and
the volcanic rocks make up the bed rock. However, well within the predominantly
volcanic section are found occasional nerrow bands of slate. Although the south-
west boundary of Douglas Island volcanics is outside the area covered by this
report, a brief study has indicated that the boundary between the volcanics and
the unnamed slate-graywacke-conglomerate sequence similarly is transitional.
The structure of the sedimentary rocks on either side of the volecanic rocks is
identical with that of the volcanic rocks and no evidence was found of an uncone-
formity.

Within the area covered by this report the total stratigraphic thiclness of

the volcanics is novhere exposed. However, elsewhere these rocks range in thick-

ness from a few htmd:ed@m -- pox QV Island %o over 10,000
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feet near the a‘enter of Douglas Island. The volcanics range in size from nare
row sheets to enormous thicknesses of several thousands of feet.

The d.mnina.ntr rock type is volecanic breccia.,;- in fact, it is doubtful if
within the whole belt of the Douglas Island volcanic group there is any band of
rock more then ten feet in thiciness that does not contain some volcanic breccias
Tb;e breccia fragments range in size from blocks three or four feet in dismeter
down to pieces one-quarter inch or less across. The fragments as a rule are
quite angular although at places they are so rounded as to be properly classed
as conglomerates. Fragments range from particles of approximetely equidimensional
size to elongated and lens-shaped fragmente. AL many places the unequidimensional
fragments are somevhat preferentially oriented to give a crude planar structure
%o the rock. This planar structure is parallel to the general trend of the
rocks of this region, namely, strildng northwest-southeast and dipping steeply
northeast. The fragments on the average comprise at least 80 per cent of the mass
of the rock. The matrix is the same material as the fragments and on a fresh
surface it is virtually impossible to distinguish the fragmental character of
the rock. However, on weathered surfaces, particularly where the rocks are exe

posed along the sea coast, the brecciated character of the rock is most apparent.
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most resistant rocks in the region. Tﬁey are messive and well jointed and indive-
s0um). flovs can W iberinel Gly Where bounded on both sides by sedimentary
rocks, Dynamic metemorphism which has so prominantly affected the rocks on
either side of the volcanic belt has but little affected the volcanic breccias.
'I&:gay show little schistose structure except for the crude planar srrangment of
the breccia fragments.
Lithology

Shades of green and brown are the dominant color of the Douglas Island Vol-
caniec rocks. Because of the green color both Spencer (1906,pp. 16-18) and Wright
(1906, pp. 141-142) called these volcanic rocks greenstones, but the author pre-
fers the term augite melaphyre originally proposed by Knopf (1912, pp. 19-20). 7
The term greenstone is a term loosely used in geologic literature to describe
any altered volecanic rock and the term is better applied in the Juneau area to the
Gastineau and Thane sequence of rocks. Actually the Douglas Island volcanic rocks
are but slightly altered in comparison with the other rocks of the Juneau area.

Knopf (1912, pp. 19-20) described the northwestern continuation, north of
Auke Bay, of the Douglas Island volcanics as follows:

"The characteristic feature of all these rocks¥¥¥ig their unfailing content
of augite. In the massive varieties augite forms numerous well-preserved pheno-

crysts of sharply idiomo, c nt-an k witrecus brown green color.
Porphyritic feldspars gyé nbdab &

ties the augite pheno=~
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crysts make up half of the bulk of the rock., Microscopically, then, the rocks
are darke-colored porphyries containing augite phenocrysts and are therefore augite
melaphyres according to the field classification of Pirsson.”

The augite phenocrysts renge in size from sbout 1 mm. to as mich as 10 i,
in longest dimension. Both the breccia fragments and the matrix contain augite
phenocrysts, although, they seem to be somewhat more sbundant and more distinct
in the fragments.

The groundmass is altered considerably so that its original character is
obscure. Roughly square, crystal outlines can be observed under the microscope
and it is presumed that these represent feldspar originally present. The alter-
ation products that meke up the groundmass are epidote, sericite, chlcrite, quartz,
and a small amount of calcite and pyrite.

As seen with the microscope there is no noticeable difference between a thin
section of a breccia fragment and one of the matrix. This observation is in hare
mony with the fact that on a fresh surface the fragmental character is not readily

apparent.
Origin

There can be no doubt that the Douglas Island volcanics are extrusive rocks.
The fact that they are so intimately interbedded with the neighboring sedimentary

rocks is perheps the most conclusive evidence., The lack of contact effects, the

extreme variation in m@\ @ @V«, end the rounded
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fragments are all indicative of a terrestrial origin.

Obviously, then, _the Douglas Islmd volcanics are extrusive volcanic rocks
formed pndar conditions that resulted in practically the entire sequence acquiring
a brecciated or fraguental character. What were these special conditions of
enviromment that ceused such a vast accummlation of exclusively volcanic breccia?

It appears falrly certain that the brecciss accumulated in a geosyncline
that also was receiving detrital material from adjacent land messes. This detr-
tus is now represented by the great thicknesses of slate and graywacke above and
below the voleanic breccias. Deposition to produce the slate and graywacke wes
probaebly more or less continuous, but, at time volcanic activity released vast
guantities of volcanic material into the basin of deposition. The contribution
of volcanic material at the begimning and final steges of the main period of
volecanic activity resulted in the interbedded volcanic breccias and The normal
sedimentary slates and graywackes at the margin of the main belt of the Douglas
Island volecanic group. If, as may reasonably be supposed, the slates and graywackes
are marine sediments, then it follows that the breccias which are so intimately
interbedded with them, are likewise marine accumuletions. Of course, it is

reasonable to assume that at times the volcanic materiasl may have accumulated to

CORY
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guch a great thiclmess that at times it filled the basin of deposition. In
general, though, the _most maomwlanation is that the brecclas are sub=
marine acmmulatims..

The fact that the Douglas Island voleanic group is mede up almost entirely
of breccia is difficult to explain. The fact that the fragments and matrix are
icl‘en'bica.l in composition and texture leads to the supposition that rock is a flow
breceia in the sense that the materisl actually flowed from its source and remained
fluid during the time that it was moving. As the lava cooled and began to cryse
tallize it was broken up and the partially solidified fragments again incorporated
in the still fluid portion of the lava. Those fragments that had completely sol-
idified retained their angularity as they sank in the still remaining fluid lava,
vhereas the somevhat "mushy" fragments were founded and in some cases flattened
or drawvn out as they settled into the fluid lava. This process was probably re-
peated many times until but little of the fluid lava remained and most of the flow
was made up of fragmentel material., Some flows extended for greater distances
~ than others. Thus, the area on the north side of Douglas Island was at a consid-
erable distance from the vent (or vents) from which the voleanic breccla was ex-

truded and consequently only a few narrow bands are present.

Oof all the locad.it@ 80

re volcanic breccie is found,
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only on Gravine Island is there any fossil evidence as to their age. Chapin (1919,
Ds 96) collected rm:’.ls fmﬁﬂ.a Tocality and su]:m'zitted them to T. W, Stenton
who reported them as Aucells sp. of probable upper Jurassic age, but possibly
lower Cretaceous. Fram Chapin's deseription the lithology of the Gravina Island
volcanic breccies appesrs similar to that of the Douglas Island volcanic group,
b;xt this is the only basis for assuming that the two groups of rocks are of simi-
lar ege. Considering that the two groups of rocks crop out at least 200 miles
apert it is certainly unlikely that the similer lithology is a reliaeble criterion
of similar age.

In the Wrangell district Buddington (1923, pp. 53-54) assigned a Juressic
age to the volecanic breccias that occur in that d.istrigt.. This age assignment is
based only on the lithologic similarity of the volecanic breccias of the Wrangell
district with those of Gravina Island. No fossils were found assoclated with
the breccias in the Wrangell district and the structural evidence as to their
age, according to Buddington, is indeterminate.

In the Juneau area no fossils were found in the Douglas Islend volcanic group
of rocks. Upper Triassic fossils were found in the overlying Gastineau volcanic
group in the Sheep Creek Basin south of Juneau (Martin, 1926, p. 95). Conse-

g_uently the Douglas Is.

Triassic, and, because is hoApparent stra ¢ break between the
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Douglas Island volcanic group end the overlying rocks between it and the fossils
found in the Gastineau mwc’m, it is tentatively assumed that their age
is middle or Jmner friaasic ,:—b‘ut quite poasib!& are Paleozoic.
Other localities in southeastern Ala.ska have been described as having vol-
canic breccias similar to those of the Juneau area. These localities, as des-
cribed by Buddington and Chapin (1929, p. 166) are as follows:

"To the southeast the greenstone volcanic rocks form most of the Glass
Peninsula, Admiralty Island, and a belt striking across Farragut Bay, on the
mainlend. They are again exposed as a narrow bend intercalated in graywacke on
the east side of Slind Slough and as a belt east of Point Alexander, Mitkof
island. They form Vank and Sokolof Island and a belt on the north end of
BEtolin Island at Olive Cove and Anite Bay. In the Ketchikan district they form
Onslow Island and the west part of the Cleveland Peninsula and extend southeast
along Tongass: Narrows, Gravine, Annette, and Mary Islands, and the coast north
of Cape Fox.'

All of these volcanlc rocks, including the Douglas Island volcanic group,
have been tentatively assigned to the Jurassic by Martin (1926, p. 256) and
Buddington and Chapin (1929, p. 167), but their evidence for such an age assign-
ment is extremely tenuous and they stated that the age a.a'assignsd is little
better than an intelligent guess.

TREADWELL SLATE

Distribution and Character
The Treadwell slate occurs in the Juneau area along the northeast side of

Douglas Island. The formetion is bounded on the southwest by the Douglas Island

volcanic group; its nor@ﬂ; bound g T mv&mau Channel. It dis-

1‘3{‘1
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appears to the southeast beneath the waters of Stephens Passage and has not been
recognized beyond. ‘To the northwest the aumgx has traced the Treadwell slate
through the Eagle i;iver reglon and beyond Berns Bay until it finally disappears
beneath ILynn Canal. In the Eagle River and Berns Bay regions the Treadwell forma-
tion comprises a large part of the "Bermers formation" described by Knopf (1911,
pp. 12-17; 1912, pp. 13-18). Near Juneau the Treadwell formation largely con-
sists of fine-grained, black slate and phyllite with extremely well development
cleavage, whereas to the northwest an increased amount of graywacke and a few con=-
glomerates are present in the formation which, however, is predominantly made up
of black slate and phyllite.

The Treadwell slate is included in the "slate-greenstone” band described by
Spencer (1906, pp. 16~18). The Treadwell slate is separated on the geologic map
(in pocket) from the overlying Thane voleanic group and the underlylng Douglas
Tsland voleanic group on the basis of its distinctive lithologic character. All
of the productive mines on Douglas Island were in mineralized diorite gills that
intruded the Treadwell formation.

Near the southeast end of Douglas Island, in the vicinity of Nevada Creek,
the Treadwell slate crops out over a width of less than half a mile. To the

northwest in the viecinity of Douglas the belt has widened to nearly a mile, and

at this position the s@m@aﬂpm slétes turns to the westward
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and at the northwestern end of Douglas Island the slate belt is almost three
and one-half miles wide. All along the northeast shore of Douglas Island is a
conspicuous zone or' low velief chh is underlain almost entirely by the Tread-
well formation.

The southwest boundary of the Treadwell slate shown on the accompanying
geologic map is somewhat arbitrary. There is no definite line of demarcation
between it and the Douglas volcanic group. Between the two groups of rocks is
a transitional zone, a few hundred feet wide in the viecinity of. Nevada Creek and
over a thousand feet wide in the vicinity of Lawson Creek, consisting of intere
bedded slate, tuffs and narrow bands of volcanic breccia. For cartographic pur-
poses the boundary between the two formations has been drawn where it was be-
lieved the proportion of volcanic breccia and slate is about one-half.

The northwest boundary of the Treadwell slate with the overlying Thane vol-
canic group is not exposed in the area covered by this report -- it being concealed
beneath Gastineau Channel. In the Eagle River region on the ridge between Lemon
Creek and Mendenhall River is exposed the contact between the Gastineau volcanic
group and the Treadwell slate. This contact is transitional, consisting of inter-
bedded slates and bedded tuffs.

In general all of the Treadwell formation has a pronounced cleavage parallel

to the nmtﬁimtim.@m@ri@ﬂWﬁic&um and clesvage is

northwest-southeast, and the dip is nearly everywhere to the northeast. The
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dip rapges from 30 degrees to vertical, but mostly is about 50 to TO degrees.
Locally the beds are cnmledandfnlda& into small flexures a few feet across.
The crumbling is most prevalent near intrusive si].'!.s of diorite and the ‘la..ck of
any consistency of the axes of the folds sugpests that the folding is to be
attributed to causes attendant to the intrusion of the sills.

The Treadwell slate like all of the rocks of the region has been metamorphosed
by the regional metamorphism during the intrusion of the Coast Range batholith,
The affect of metamorphism has been to indurate the original sediments and to
slightly recrystallize them to the extent that a slaty cleavage wes produced. The
dilorite intrusives have affected the slates but little; in places the slates
appear to be converted to dense blacky hornfels, but at other places near the
diorites the slates are seemingly unaffected by igneous effects.

Lithology

The Treadwell formation is composed dominantly of extremely fine-grained,
dense, fissile, black slate and phyllite. The black c¢olor is due to finely'dise
seminated graphite which originally was orgenic material that was converted to
graphite during metamorphism. Also included within the mapped limits of the
Treadwell formation are beds and lenses of graywacke and one bed of conglomerate.

The latter crops out belou the }@ d
Douglas. It is about 2@ wi edr

the s west of the town of

tains pebbles of quartzite, dense black
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glate, and s medium-grained, light-gray granitic rock. The graywacke is gray to
green in color and composed of fragments of feldsper, c_t-m,rtz , augite, hqmblend.e_;:
and chlorite imbedded in an argillaceous cemn;

Origin

The Treadwell slate is thought to be entirely marine and to have accumlated
:Lz; a subsiding basin of deposition. Evidence for marine deposition is not con-
clusive. The only Possils that have been found in the formation are a few leaf
impressions found at Berners Bay and they do not contribute much information as
to enviromment of deposition. The fine bedding, fine-grained character of the sed-
iments, and widespread extent of the Treadwell formation are somewhat indicative
of marine deposition. lack of cross bedding and lack of abrupt changes in litho-
logic character indicate uniform conditions of deposition such & might obtain in
& marine basin of deposition. The large smount of organic material, now represented
by the graphite in the slates, suggests a marine enviromment of deposition, prob-
ably in quiet, non-acrated waters that permitted the organic matter to accumilate
and be preserved. Subsequent orogenic disturbances have converted the original

ecarbanaceous shales into slates.
Age

Wo fossils have b@mﬁ @
However at Berners Bay imp ns

for on in the Juneau area.

Pound by Xnopf (1911, p. 17) in
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sediments that are the northwesterly extension of the Treadwell formation. These
fossils indicete a Mesozoie a@ and possibly a Jurassic age, but the age assigne-
ment is most tentaﬁive. After a complete appreisal of all evidence the skl
is of the opinion that the Treadwell slate is probably Triassic.

GASTINEAU VOLCANIC CROUP
Distribution and Character

In the area covered by this report the Gastineau volcanic group crops out
along the northeast shore of Gastineau Channel and in the ares lying northeast
for a distance of about two miles from the channel. To the northwest of the
Juneau area the Gastineau volcanic group has been mapped by the author as far
as Berners Bay; to the southeast the group extends across Taku Inlet and to the
southeast along the coast at least as far as Molkham Bay.

The CGastineau voleanic group is part of the "slate-greenstone” band that
Spencer (1906, ﬁp. 16-18) described and mapped as extending from Port Houghton
to Haines. It is not known if the Gastineau group as defined herein extends for
this entire distance along the coast. The Gastineau volcanic group was not dif-
ferentiated by Knopf (1912, pl. 5) in the Eagle River region to the northwest
of the Juneau area, although the writer has recognized this group of volcanic

rocks in the Bagle River region and has found them %o be included in the group

of vrocks that Knopf m@aﬁ " (@M of Berners formation)."



e ® >

Possibly the Gastineau voleanic group is represented by Knopf's (1911, pp. 19-21)
"altered anvgdalcﬁﬂ»l basalts" m' the fsernsrs Bay region.

In the Juneau ares the contact between the Gastinesu volcanic group and
the underlying Treadwell formation is concealed by Gastineau Channel, but on the
sJ:ope on the northwest sidé of Mendenhall Glacier in the Eagle River region the
contact between these two formations is seen to be conformeble and transitional.
The contact between the Gastineau voleanie group and the overlying Perseverance
slate is well exposed in Sheep and Gold creecks and is conformable and trensitional.

The thickness of theexposed portion of the Castineau formation in the Juneau
area ranges from 6,000 to 77,000 feet and its true thickness is not lmow because
part of it is concealed by the Gastineau Channel. To the northwest at Mendenhall
Glacier where the entire width of the Gastinesu formetion is exposed it has thinned
to approximately 4,000 feet. The greatest known thickness of the formetion is
about 8,000 feet on the northwest shore of Talu Inlet.

For cartographic purposes the Gastineau volcanic group is differentiated
into two distinct types -- one type characterized by the dominance of finely
bedded tuffs and the other by the dominence of lava flows.

The writer has included within the Gastineau volcanic group the two forma-

tions designated by n@ (Ma.rtin, 1926, pp.

92-95) and the Thane volcanic group , 1926, Pp. 251-252). Martin states
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that the original data for these two formations were taken from an unpublished
U. S. Geological Survey report hyn. M. Eakin a.nd.h C. Spencer en‘bimd "Geology
and ore deposits of Juneau, Alaska." A subaeéugnt revision of this report by
Bakin (1922) did not distinguish a Thane volcanic group. It is apparent that
the rocks of Martin's Thane volcanic group would more or less correspond with
th:e bedded tuffs in the lower part of the Gastineau formation as defined in

this report. It is the writer's opinion that the term "Thane volcanic group

is a useful designation and might well be retained. However, because the bedded
tuffs so characteristic of the Thane volcanic group occur in the lower part, it
is considered more logical to depict rock types on the map instead of attempting
to map a separate Gastineau group of lavas and a Thane group of tuffs.

The rocks mapped as bedded tuffs include as the dominant rock type, green,
medium-grained, finely bedded sediments in which chlorite is the most conspicuous
mineral. Lesser amounts of limestone, black slate, quartzite, and lava flows
are included. Agglomerates are very common in the lover part of the Gastineau
volcanic group.

Lithology

The rocks included within the Gastineau volecanic group include dominantly

volcanic rocks with mbﬁm, but persisten V‘black slate, calcareous
hon 5 O I
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graywacke, and tuffaceous slate. The volcanic rocks include both lavas and rocks
composed mostly of volcanic ejectamenta; these two types of volcanic rocks are
differientated on the geologic map of Juneau and vieinity.

The rocks mapped as lava flows include as the dominant rock-type greenish-
black, massive, andesitic and basaltic lavas, and in addition include tuffs and
black slate. The lavas are coammonly porphyritic; the basalts are characterized
by augite phenocrysts and the andesites by feldspar phenocrysts.

The pyroclastic rocks are dominently fine-grained tuffs. The fragments in
the more massive beds are as much as one-quarter to one-half inch across.

Thinner beds are composed of finer clastic material. All of the pyroclastic
beds are well-bedded with individual beds persisting for long distances.

The slates and graywackes of the Gastineau volcanic group generally are
black graphitic types, very thinly bedded, with well-developed cleavage parallel
to the bedding. Intergradation between the slates and tuffs is quite common.

Origin
The presence of sedimentary beds of tuff, black slate, and graywacke, inter-

bedded with lava flows indicate that marine conditions prevailed during the depos-

ition of most, if not all, of the Gastineau volcanic group. The presence of

COPRY



e S, 63

marine fossils in a black slate band near the top of the formation is proof
that this particular unit is mm. On the northwest shore of Taku Inlet
near the mouth of Gr:inﬂstone Creék ere pillow lavas suggesting a subagueous
origin. There is no evidence to indicate that any other conditions prevailed
during deposition of the Gestineau volcanic group and it is probable That the
entire assemblage accumulated under marine conditions.

As was postulated in the discussion of the Douglas Island Volcanic group,
it is thought that deposition of clastic material, represented by the Tread-
well slate and Perseverance slate, was fairly constant and continuous and that
from time to time large quantities of ash and flows were contributed to the

basin of deposition. The Gastineau formation obviously represents a time of
o4

O
&
It is interesting to note that both the upper and lower parts of the -~ f,r“’&{b ot
1oy

Gastineau volcanic group are dominantly tuffaceous whereas the middle part is

considerable volcanic activity. I

dominantly flows. It is apparent that the beginning and waving stages of
volcanic activity consisted of explosive action only whereas during the mexi-
mum of volcanic activity vast amounts of lavas were extruded.

The whole Gastineau volcanic group has suffered intense stresses that

have induced slaty cleavage in all of the fine-grained sediments and has

COPRY
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sheared the mqm magsive flows., That the shales have recrystallized is evident
in their content of graphite W high degree of induration. The tuffs are
altered to chloritic and actinolite schists and at places even the lavas .
have recrystallized into micaceous and amphibolitic schists. The prevailing
green color of the Gestineau volcanic group is caused by the ubiquitous
chlorite that is present in practically all of the volcanic rocks and is
responsible for the local term greenstone that is generally applied to these
rocks,
Age

Fossils, indicate of Upper Triassic age, were collected by Spencer and
Boken (1922) from a black slate band within the Gestineau voleanic group
near the head of Sheep Creek basin. A report by John B. Reeside of the U. S..
Geological Survey on these collections is as follows:

"g84li, Sheep Creek - Grindstone Creek divide.
Arcestes’or Paraganides, sp. indent.
Fragment of an ammonite very like Trachyceros
(Protrochyceros) lecontei Hyatt and Smith.

9845 Head of Sheep Creek near Goldstein Creek divide.
Halobisa cf.superba mosisj.
Inpression of an undetermined ammonite.

9846 Sheep Creek basin. Head of west tributary.
Halobia cf. superba mosisj.

"These forms belong to the Halobia cf. superbe fauna of the Upper Triassic

and are probebly of Korni gehey thepr Hox;
‘@ l
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The lack of any stratigraphic break within the Gastineau voleanic group

indicates the entire group probably is Upper Triassic.
PERSEVERANCE SIATE
Distribution and Character

The: Perseverance slate crops out on the mainland eagt of Juneau between
‘the underlying Gastineau volcanic group and the overlying Clark Peak Schist.
It is the uppermost group of rocks of Spencer's (1906, pp. 16-17) "slate=
greenstone"” band. All of the important mineral deposits of the Alaska-Juneau
lode system occur within the Perseverance slate band.

Within the area covered by this report the Perseverance slate crops
out in a northwest-southeast band about one-quarter of a mile wide in Salmon
Creek and about & mile wide near the head of Sheep Creek. In Gold Creek the
Perseverance slate is offset by the Silver Bow fault. Beyong the Juneau
area the Perseverance slate was traced to the northwest as far as the head-
waters of McGinnis Creek in the Eagle River region where it is cubt off by
the Coast Range batholith. Knopf (1912, pl. 2) did not recognize the Persev-
erence slate when he mapped the Eagle River region, but included it within

his "schist (Metamorphic phase of Berners formation)." Southeast from

Juneau the writer has tffé%tha @ @Lvm Inlet where it

65
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is exposed on both sides of the Inlet Buddington and Chapin (1929, pl. 1)
have shown on their geologic ms.p. fhat a black aiate band, corresponding with
the Perseverance slate, extends from Juneau as far south as Holkham Bay, but
it is not Imown if the slates as defined herein are continuous throughout
the whole distance.

The dominant rock in the Perseverance formation is black slate and
phyllite, but also included within the mapped limits of the formation is
thin-bedded quartzite and thin-bedded limestone; all gradations are found
between black slate, quartzite and limestone. The latter exists only as
a few thin beds too small to depict on the accompanying geologic map.

Bedding is difficulty recognized in the black slate for it has been obliterated
by the prevalent slaty cleavage that has been induced in them. Bedding is
readily seen in the quartzites and like the bedding in the slates, is

parallel to the cleavege except at places where small drag folds and plica-
tions cut across the cleavage. Cleavage is not as prominant in the quartzites

as in the slates.

- COPRPY
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Lithology

The black slates are fﬁéum, highly fissile rocks whose black color
is caused by their graphite content. The graphite was carbonaceous matter,
originally present in the sediments, that has been subsequently metamorphosed.
The other minerals in the slates are quartz, chlorite, and sericite that ap-
parently are recrystallized from quartz and clay minerals originally present
in sediments.

The quartzites are fine-grained, finely bedded, light colored rocks com=
posed dominantly of quartz. Other minerals present are pyrite and sericite and
at places a little calcite. The limestone are entirely recrystallized and
composed entirely of calcite.

A somewhat umusual rock, locally known as a "spotted schist" is found in
the Perseverance formation assoclated with quartzite. It may be described as
a slaty quartzite with dark spobs randomly distributed on the bedding planes
and cleavage surfaces. Under the microscope the spots are revealed to be
composed of quartz and sericite (at places biotite), the same minerals that
make up the matrix. The minerals in the spots, however, are more coarse

grained than those of the matrix and the sericite is randomly oriented whereas

the sericite of the ma'.@ or.’pn@ w¥ cleavage of the rock.
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It would appear that the spots represent places where recrystallization of slaty
quartzite has aﬁvanasﬂrbeyund'thnt of the rest of the rock. The lack of preferred
orientation of the sérieiﬁe in the spots indicates that recrystallization took
place under conditions of undirected stress.
Origin
The Perseverance slate, like all the other sedimentary rocks in the Juneau
area, .13 thought to represent original marine sediments subsequently metamorphosed.
Like the Treadwell slate the Perseverance slate probebly accumulated in quiet
vaters in which ecirculation was poor, resulting in an accumulation of ﬁonsid;erable
organic matter mixed with the sediments. The considerable increase of quartzite
in the Perseverance formation over that in the Treadwell formation suggest that
the competency of the currents carrying the detrital material had increased
during Perseverance time. The considerable quantities of what is thought to have
been coarse detrital material in the overlying Clark Peak schist suggests that the
competency of the waters entering the basin of deposition continued to increase
long after the deposition of the Perseverance slate.
Age
No fossils have been found in the Perseverance slate, but the lack of a

stratigraphic break between it and the underlying fossiliferous horizona cone

_;- dcates t the Perseverance formea-

taining Upper Triegiie ronssfd, st
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tion, at least in part, is Upper Triassic.
 CLARK PEAK SCHIST
Distribution and Character
The Clark Peak schist occupies the intervening space between the Persev-
\

ervance slate and the Coast Range batholith and forms a continuous band from
two— to three miles wide along the southwest side of the batholith. The
southwest boundary of the schist with the underlying Perseverance slate is
an entirely arbitrary line. For mapping purposes it has been drawn approximately
through the places where biotite first appears as one travels northeastward
from the Perseverance slate. It is unlikely if any two persons would place
the boundary line in the seme position. In effect, then, the boundary ‘between

the Perseverance slate and the Clark Peak schist is a boundary between two metae-

morphic zones, although in the Juneau area this metamorphic boundary more or

. I\
LV
&\
&
L

5

less coincides with a boundary between black slates and other types of sediments.

The Clark Peak schist extends northwest of the Juneau area to a point a

\

" few miles northwest of Mendenhall Glacier, vhere it is cut off by tha-édging

over of the Coast Range batholith. Knopf (1912, pp. 20-22) mapped a band of
/ .

gchist adjacent to the Coast Range batholith in the Eagle River region.

COPY
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These schists are in large part the metamorphic equivalent of the Perseverance
slate and the Gastineau volcanic group and are not, except in the vicinity of
ILemon and Nugget creeks, the equivalent of the Clark Peak schist.

The Clark Peak schist extends southeastward as far as Taku Inlet and
probably extends beyond, but it was not traced any farther. Buddington and
Ch;.pin (1929, pl. 1) show a belt of "crystalline schist and phyllite” along
the southwest edge of the Coast Range batholith all the way from Juneau to
Portland Canal. This unit includes the Clark Peak schist in the Juneau area and
probably is the metamorphic equivalent of various different rock units to the
southeast.

The prevailing rock type of the Clark Peak schist is quartz-biotite schist
and quartz-muscovite schist. However, a diverse variety of other rocks are
present in the formation; among these are marble, quartzite, black phyllite,
hornblénde s;:hiatg quartzegarnet-mica schist, kyanite schist, chlorite schist
and quartz-feldspar schist. The Clark Peak schist is almost entirely the
metamorphic equivalents of original shales, @Ma, and iiméstom s with
lesser amounts of extrusive igneous rocks. Of these sediments shal and sandstone
were the most abundant. E

ahis FV well-defined schistosity

All of the rocks of Clark -Peg
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vhich largely parallels the original ‘bedding.
I-itholog

The almost infinite variety of rocks that collectively comprise the
Clark Peak schist makes a description of the rock types an almost endless talk,
and, as a consequence, only the more general types will be mentioned.

Quartz-mica schist is the most common rock type in the Clark Peak schist.
Both biotite and muscovite varietiess are found. The rocks are entirely re-
crystallized so that they are composed of interlocking grains of quartz with
medium-grained plates of mica oriented parallel so as to give the rock its
schistose structure. Certain thin layers within the rock are most micaceous
than others; apparently this thin banding results from differences in the com-
position of the original sediment. Pyrrhotite is a common accessory mineral
and accounts for the brown stalning that covers the weathered outcrop.

In addition %o the common quartze-mice schist there are many varieties
depending upon the prominence of various accessory minerals. Thus, there are
hornblende schist, kyanite schist, gernet schist, sericite schist and chlorite
schist. Near some of the large intrusives the schist is feldspathic, and in
some instances it has the characteristic structure of augen gneiss, so that

it is questionable whether the rock is derived from original sediments or from

. & O P Y
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The accessory minerals at places are porphyroblastic and give the rock a
spotted appearance. Red garnc‘ha.ndfeldapa.r oceur most comonly in this vay.
The sweep of cleavage planes of mica around such nucleii give characteristic
"knoten-schiefer" rocks.

Persistent marble bends occur within the Clark Peak schist, although they
are not numerous. The largest band is best exposed where it crosses Granite
Creek; here there is 100 feet of almost pure, white, medium-grained marble and
115 feet of mixed calcareous end siliceous rock. Within the marble are thin
partings and irregular contorted bodies of quartz-biotite schist which probably
rvepresent originally distinct strata within the limestone. The contorted shapes
of some of these bodies suggest actual flowage of the limestone.

Origin

The Clerk Peak schist is largely the metamorphic equivalent of sedimentary
rocks, It is not possible to state with any degree of certainty whether the
sediments accumulated in a marine or continental enviromment. The considerable
length of the westernmost marble bed shown on the accompanying geologic map
suggests that part of the sediments were marine. Considerably greater amounts

of coarse clastic material were deposited in what is now the Clark Peak schist

than in any of the m%@ “@W@-V“& indicates transpor-
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tation by more competent currents and that the source of the sediments was under-
going more active erosion than previoualy.

Age

No fossils were found in the Clark Peak schist and it is doubtful if any
willlever be found for any that may have been present would have been destroyed
by the intensive metamorphism to which the rocks have been subjected. Assum-
ing that there is no structural break between the Clark Peak schist and the
underlying rocks, it is obvious that the Clark Peak schist is younger than the
underlying Gastineau volcanic group of Upper Triassic age. Martin (1926, p. 94)
regarded the Clark Peak formation as Paleozoic for he says:

"The Clark Peak schist®™¥*does not bear & notable resemblance to any known
Triassic rocks and as it lies on the strike of the Carboniferous rocks of Taku
Harbor and other localities south of Taku Inlet, the writer believes that it
belongs in the Paleozoic, where it was formerly placed by Spencer. It may,
however, include some infolded Triassic beds."

When one examines the geologic map of southeastern Alaska, prepared by
Buddington and Chapin (1929, pl. 1) it is readily seen that the rocks of Taku
Harbor do not lie on the strike of the Clark Peak schist -- rather they lie
considerably west of the strike of the Clark Peak schist.

Because the Clark Peak schist overlies the Upper Triassic Gastineau volcanic

group end is intruded by the Upper Jurassic-Lower Cretaceous Coast Range batholith,

CORY
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it follows that the age of the Clark Peak Schist is somevhere between Upper

Triassic and Upper Jurassic-Lower Cretaceous.

COAST RANGE BATHOLITH
Distribution and Character

The Coast Range batholith occurs along the northeast edge of the Juneau
area where it bounds the metamorphic rocks. It is the largest batholith on
the North American continent, and extends from the Fraser River in British
Columbia for over 1,000 miles norbhweatimrd into Yukon Territory. It forms
the backbone of the Coast Range along the northwest coast of British Columbia
and southeastern Alasks from Vancouver to Skagwey.

The batholith attains a maximum width of asbout 110 miles in British
Columbia and gradually thing gorthwstwm"d.to.s.bwt 35 miles in the vieinity of
Juneau and Skagway.

Buddington made the only detailed study of the batholith in southeastern
Alaska; his studies were confined to that portion of the batholith from Port-
land Canal to the Stikine River. He summarizes his observations as follows

(Buddington and Chapin, 1929, p. 181):

CORY
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*¥%there is a pronounced variation in composition across the batholith from
southwest to northeast. The southwest border facles of the batholith, in a band
5 to 15 miles wide, is quartz diorite; the core 15 to 25 miles wide, has the
average composition of a grandiorite, quartz monzonite, and quartz diorite; and
the eestern border facies, 10 to 15 miles wide, i1s quartz monzonite. #¥¥% The
changes from one type of rock to another appear to take place rather abruptly,
but no evidence of brecciation of one variant by another was seen, except in
the small masses of gebbroic and ultrabasic rocks. Nevertheless, certain fea-
tures suggest that we may be dealing with a group of very closely related inter-
locking batholiths."”

Relation to other formations

% The contact between the Coast Range batholith and the bedded rocks dips
northeasterly parallel to the foliation of the intruded rocks. This parallelism
is only approximate, however, as may be seen from the large sill that terminates
on the ridge back of Mt. Juneau. The transgressive nature of the main batho-
lithic contact is shown also by the gradusl cutting off of successively more
westerly formations to the northwestward. For example, east of Juneau the Coast
Range batholith is separated from the Perseverance slate by some 2 or 3 miles of
Clark Peak schist, yet only 15 miles northwest along the strike of the bedded
rocks the batholith lies against the Gastineau volecanic group.

Within the main mass of the batholith are mumerous bands of metamorphic
rock, some several hundred feet wide and thousands of feet long. The trend

of these bands is the same as that of the bedded rocks away from the batholith,
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namely northwest-southeast and dipping steeply to the northeast. These large
bands are considered to be large undigested inclusions, and all stages down
to hand-size inclusions can be observed. The inclusions are not shown on
the map for they are in the inaccessible portions of the batholith where ob-
servation of them has been made only from the air.

The gneissoid structure of the Coast Ranggbatholith parallels that of
the bedded rocks and is most prominently developed near the contact with the
adjacent bedded rocks. The gneissoid structure ranges from a few hundred feet
thick to as much as 1 or 2 miles thick. At some places it is difficult, if not
impossible, to distinguish the gneissic igneous rock from the gneissic meta-
morphic rock. In part the gneissic structure is a primary structure formed
during solidification of the magma and in part the result of dynamic metamor-

phism and granitization of the adjacent sediments.

Lithology
The main Coast Range batholith was carefully studied in the Ketchikan
and Wrangell district by the Wrights (1908, pp. 63-65). Their results are quoted
below:

"Although the ¢
ably from point to po
composition of the ent
lected from different '

special regard to their a.'bundance
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and general distribution throughout the area, abnormal
and rare types being dllr:gardod altogether. Each of
these specimens was studl in detall under the miocro
soope, and a oareful estimate of the relative quantity
of ench mineral in the roek was made from the thin seo-
tione by the Rosiwal method., Although the values thus
obtained are necessarily only first approximations, they
represent roughly the gencral mineral content of the
Coast Rnnge granodiorite.

*The following nverage mineral composition was thus
obtained:

Averaire mineral ocomposition of the Coaet Range intrusive,

Quarts - 19,4 Pyrite - 0.1
Orthoolase ~ecceccecsee 6,8 Titanity e—cvcccvccccwe 1,3
Andesine (AbpgAndd)- 47.4 Epidote i BB
Hormblende ecwececcewses 7.8 Chlorite - 0,1
Biotite wewecmcecnnme 11,6 Caleite - 0.1
Apatite -—ecce-e 0.8 Xaolin and muscovite -- 1,8

100,0

*The averange lpcoitle gravity, 2.77, was determined
by weighing the hand specimens in air and then in water.

"From these Oata the avernge chemical composition
was ocaloulated by nllulizz for the hormblende and bilotites
the composition of like minerals from a similar rook
from Butte, Mont,

Average chemiocal ocomposition of the Coast Range intrusive,

Constituent Per oent Molecular ratie
510? - W P I e - P 61 .0 - 1 .017
T10 D oma s e S D D D O ADCEGD € D 1.0 0.013
Algly —cveccccceccces 17,0 «- 0,171
7:803 7 o 0 - 1.8 - 0,010
Fel - - - 2.7 == 0,038
HhD 0.1 - -= 0,001
e RO gES 0,080
cao WP T oy S5 G5 OGP CD 55 D U WD <D W W W 6'9 b L 0.123
:go - - <o w 3“ - 0.053
. 2.9 = N, N24
}w - 0.0 0.050
Po0g - 0,3 0.002

100,0



*This chemical and mineral eospogition places the
rock in the family of the quarts diorites, of the tzpo
tonalite according to the usual classification, **¢

*The amount of titanite is unusual and is charactere
istic of of the Coast Range intrusives. Ths highly
lugtrous, ¥elleghiped orystals of this mineral glisten
in the sunlight and attraet tha attention of the mosat
casual observer. The hormblends ococurs usually in dark
prismatie eryetals, noticeable for the exoellent prismntio
cleavage and the lask of terminal faces., Many bilotite
flokes are hexagonal and deep brown in transmitted light.
A few gpatite orystals are visible to the unaided eye,
but this mineral oosurs generally in fine hexsagonal oryoe
tals of mioroscopioc dimensions. Pale-green veinlets of
seconinry epidote, which follow frasture planes in the
granodiorite, are not rare.

*These sven-grained rocks usually have the naormal,
sharply defined, granitold texture. However, gradatione
to holoorystalline porphyritiv phases, due tc the superior
“evolopment of the feldspars, ocour, Gneissio struoture
ies common nenr the western margin of the Corst Range
belt. In some plroes the development of pneiscie struo-
ture in the granite hae been 80 far advanced and the
recrystallization of the neighboring inwvnded asedimentsa
to gneies has been 80 thorough that it s diffiocult to
define the precise limits of the original intrusive granite.*

Buddington (Buddington and Chapin, 1929, pp. 210-£12)
gives the following resulta of a composite snmple of 14
specimens from the western part of the Coast Range bathe
oliths

Chemiocal analyeis of oomposite sample of quarts Adiorite

(7. c. Fairohild, analyst)

3102 - 59.55
Al g0y wmeone 16,18
£ 2
MEO ewmmmmecececmnemnes 2,88
cﬂo _-; it 6.26
Hﬂ R SR il O S > @ Y 3."0
Kr - -t - 2.&2
i o e 0,82
3 (- — - 0,98

100,

8
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The data recorded above pertain only to the south-
western border of the southern part of the Osast Range

The approximate minerel composition as determined
by Puddington (Bwidington and Chapin, 1929, p. 212) of
certain rocks from the Coast Range batholith, is given
belows
Average mineral eomposition of Coast
Range batholith in southeastern Alaska
L
: E i1 b
g 3 ¢ 36 8%
@ E + T ®e
- 3 e 84
E 2 = an <9
- Average of 21 specimens fyom west
border of Const Range batholith, 84 11 12 20 2 1¢
Avernge of ¢ speeimens, horndlende
and biotite approximately equal, B9 104 8% 19 1 2
Avaerace of 0 spetimens} hornblende
in excess of blotite. B4 18 7 19 3 14
Avernge of 8 specimens; diotite
in exoees of hornblende, 89 3 12 238 2 1
Avernye of 2 hig!ﬂ‘;{ ferromagnesian
specimens; hornblende in excess
of biotite, 4 22 14 18 - 1
Averrge of 3 highly ferromagnesian
specimens; biotite in excess of
hornblende. 434 12 22 19 2 1%

bntholith in southeastern Alaska, However, in the abeence

of specific data to the eontrary they are believed %o be

representative of the northerm part of the batholith,

In the Juneau area the principal rock type of the

Conat Range batholith is quarts Giorite consisting of

coarpe=grained plagiocolase, quarts, diotite, and hort-

blende; the most characteristic acceseory mineral i

79
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yello sphere and the other accessory minerals are apatite, pyrite, and magnetite.
In the main part oft_hebatholithmmyfranthegxmissieborderstheqmﬁzdioﬂte
is remarkably fresh and unaltered. The plagioclase which comprises about 60 per
cent of the rock, ranges from AbjoAngo to AbjpAngg and everages sbout Abgphnso
quartz comprises sbout 20 per cent of the rock and hornblende and biotit; to-
gether with the accessory minerals comprise the remaining 20 per cent of the
rock.

In the gneissic phases and in some of the larger sills that cross Granite
Creek the cataclastic nature of the rock is readily epparent in the hand speci-
men. The most prominent cataclastic feature is the augen character of the
feldspars which under the microscope are seen to have their corners crushed and
to be imbedded in & mosaic of grenuler quartz. The biotite is arranged in a
fashion to appear to wrap around the fedlspar augen.

Some of the varients of the Coast Range intrusive are well revealed in the
three outlying sills that cross Granite Creek. The outermost, or number one,
gill is about 300 feet wide. The central portion of the sill has a granitoid
texture whereas near the borders it is increasingly gneissold in such a manner

that it is impossible to determine the place where the intrusive rock ends and

the Clark Peak schist b@ @ ‘Votite-quarbz-mnzonite
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composed of approximately 25 per eent of quartz, 35-40 per cent of othoclase,
25 per cent of clinozoisite, with the remainder about equally divied between
plagioclase, biotite, and chlorite, and with minor accessories of apatite and
titanite. Clinozoisite has obviously been derived from plagioclase.

The middle, or mmber two, sill is about 1800 feet wide; it terminates to
the northwest on the ridge back of Mt. Juneau. It is a gneissoid biotite-quartz
monzonite with well-developed feldspar augen. The augen are othoclase, with
crushed corners and edges, in a groundmess of quartz and plagioclase (AbgpAnig).
The latter is considerably altered to clinozoisite. The accessory minerals, in
addition to biotite, are hornblende, titanite and apatite,

The inner, or number three, sill is about T00 feet wide. Its borders are
sharply defined and it does not have the gneissoid texture that the other sills
have, It is a hornblende-quartz monzonite and is very fresh appearing, completely
lacking the conspicuous amounts of clinc;zoisite present in the other sills. It
obviously has not suffered the dynamic metemorphism that the other sills heve.

In addition to hormblende the other accessory minerals are titanite, pyrite and

Origin
The field relaticn@ I p M Coast Range batholith
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is intrusive into the bedded rocks lying to the southwest of the batholith. It
is equally obvious that the batholith has stoped and replaced large quantities
of the invaded sediments. The presence of thousends of inclusions of gneiss
and schist, both large and smell within the batholith, and the overall trans-
gressive character of the southwest contact all attest to the displacement and
replacement by the batholith of enormous amocunts of sedimentery material.

The intrusion of the batholith, at least during part of the process, was
accompanied by a strong dynamic forces which resulted not only in metemorphism
of the invaded sediments but also the development of gneissic structure in
the nearly completely consolidated batholith. The author believes the border-
ing gneissic facies of the batholith are due to dynamic stresses and not due to
flow within the batholith. The widespreaé cataclastic effects within the
gneissic border phases of the Coast Range batholith indicate that oriented
forces prevailed during emplacement of the batholith and some of the large re-
lated sills.

Age

Within the Juneau area there are no specific data on which to determine the

age of the Coast Range batholith. The batholith intrudes the Clark Peak schist,

COPRY
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Perseverance slate, and the Gastineau volcanic group, and obviously is younger
than these rocks. As discussed in ctﬁer sections of this report the Gastineau
volcanic group is Upper Triassic.

On some of the islands of southeaa‘berﬁ Alasks it is known that some of
t};e batholithic and stock-like intrusive rocks, lithologically similar to the
Coast Range batholith, are definitely older than Eocene (Buddington and Chapin,
1929, p. 252). On Chichagof Island, Overbeck (1919, pp. 109-112) describes
intrusives that cut fossiliferous rocks of Upper Jurassic age. Buddington
(Buddington and Chapin, 1929, p. 253) states that he:

" s## ig convinced that on Admiralty Island intrusions of the Coast
Range type cut beds which, where not metamorphosed, carry the fossil Aucella
crassicollis and which are therefore probably of lower Cretaceous age.

In the Hyder district there definitely are two periods of intrusion
(Buddington, 1929, pp. 22-23). The older intrusive, the Texas Creek batholith
intrudes the Hazelton series of lmown Jurassic age, and is in twrn intruded
by the Hyder and Boundary batholiths.

It seems ressonable to assume that much of the Coast Range batholith
is a composite batholith made up of igneous material intruded at various times.
Thus in one place a particular intrusion may be Upper Jurassic and at another

COPRPY
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Buddington (Buddington and Chapin, 1929, p. 252) writes as follows with
respect to the age of the Coast Range batholith in nearby British Columbia:

"To the northeast on the east side of the batholith in the Whitehorse
district, Yukon Territory, the intrusive rocks are reported by Cookfield (Cooke
field and Bell, 1926, pp. 32-33) to cut rocks of Middle Jurassic age and there-
fore to be probably of Upper Jurassic age or later., Hanson (1924, p. 37) re-
ports that on the east side of the batholith, in British Columbia, between
Skeena River and Stewart, the Coast Range batholith intrudes the Hazelton group
(Jurassic) but do@s not intrude the Skeena (Lower Cretaceous) series.He says:
‘It is therefore probably mainly of Upper Jurassic but parts of the
batholith may be of later age.' Dolmage (1926, p. ?.gis » in describing the
Tetla-Bella Coola area, writes: 'In Taseko Lake district what appears to be
the main Coast Range batholith cuts a thick series of coarse fragmental vol-
canic rocks in which the writer found plant remains, determined by E. W.

Berry to be of Cretaceous age. *#* This evidence proves that this part at
least of the batholith is younger than the lowest Cretaceous, and the evidence
found in Tatlayoko Iake, Taseko lake, and Bridge River districts strongly
suggests that much of the eastern part of the batholith is of postbasal Lower
Cretaceous.' Cairnes (1924, pp. T1-77, 89-105) suggests that at the south-
eastern part of the batheolith, on the eastern border, there are intrusions

of two ages. Masses of intrusive rocks that cut probable Jurassic beds are
reported by him to be overlain unconformably by beds of Lower Cretaceous age, and
the lower Cretaceous beds are in turn cut by intrusions of pre-Tertiary age.
On Vencouver Island the Mesozoic intrusive rocks are known definitely to be
older than Upper Cretaceous.”

In summary it may be said that in southeastern Alaskasll indications are
that the intrusives of the Coast Range batholith may be lower Cretaceous in
age, but that on the east side of the batholith in Canada, the indications point

to both an Upper Jurassic and Lower Cretaceous age.

COPRY
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HORNBLENDITE
aemal Features
Hornblendite oocursonlyinaainglesillthateropsoutalongthéﬁutin«
eau Channel shore of Douglas Island, It forms the hanging-wall of some of the
Treadwell ore deposits. It is about 3 miles long and averages &bout 250 feet
thick, although in one place it attains a thickness of as much as 70O feet.

Strictly speaking the rock is a hornblende diorite, although in places,

.‘particularly near its southeast end, it contains mostly hornblende, and is

' properly termed a hornmblendite. Because it was exposed in the Treadwell mines

vhere it is truly a hornblendite, that term has locally been epplied to the
entire sill.

The texture ranges from coarse crystals, 2 and 3 inches long, to fine-
grained schistose material. Hornblende is the most prominent mineral; in
places augite attains secondary importance, and in other places oligoclase
attains secondary importance. The hornblende is dark green and secondary after
augite. Magnetitie is a common accessory and at places forms as much as 20
per cent of the rock. Titanite and apatite are other accessories.

The schistose appearance of much of the rock indicates that it was intruded




e o
META-GABERO SIILS 2%

Meta-gabbro sills are confined almost exclusively to the Perseverance mu
formation, although a few have been recognized in the underlying Gestineau vol-
canic group. Two principal types of rock, both included under the term meta-
gal;'bro, are recognized, ml,v "brown" end "green." The brown meta-gabbro is a
hydrothermally altered phase of the green meta-gabbro, and is invariably assoc-
lated with quartz veins end ore shoots. The relationship of brown to green
meta-gabbro is discussed elsewhere in this report under the heading "wall-rock
alteration."

The meta-gabbro sills may be equally abundant within the Gastineau voleanic
group as in the Perseverance slate, but if so they have not been recognized.
Their outward appearance is so similar to most of the rock assemblage of the
Castineau volecanic group that recognition would be extremely difficult.

In general the meta-gabbro bodies have & sill-like shape ranging from a
few inches thick and two or three feetlong to large masses & thousand feet thick
at the center and vhose projections extend for at least a mile away from the

center.

The green meta-gab ty@(
mhtingdbh&.dur@d ~
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mwmmﬂum. The rock is typically schistose, except where
1tummmwmuhm"mmmmuyuauwww
mineralogical changes. |

As the prefix "meta" implies the gabbro sills have undergone metamorphism
from an original rock presumed to have been & gabbro to the green schistose
m;tn-gabbroormhiboute. The metamorphism is presumed to be part of the same
regional dynamic metemorphism that was caused by the intrusion of the Coast
Range batholith.

Relation to other formations

The meta-gabbro sills were thought by some not to be intrusive at all, but
instead to be lava flows laid down during sedimentation of the Perseverance slate.
At most places the walls of the meta-gabbro bodies are parallel to the cleavage
~ and bedding of the enclosing slates. At a few places, however, the intrusive
nature of the meta~gabbro sills is readily apparent. Some of the meta-gabbro
bodies, i:nste&dqr'being slll-like, as is the general case, are irregular, jagged,
necks and plugs corresponding to no readily-described shape. These bodies cut
across bedding end eve clearly intrusive. At o fev places, particularly near

the ends of sills the slates are crumpled and close folded from microscope size

COPRY
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to folds 6 or 8 inches in wave-length, indicating that the enclosing slates were
plastic et time of imbrusion. At still other places thin (one-fourt to 2 inches

wide) sheets of meta-gabbro interfinger with equally thin bands of slate. Con-
tact effects, other than the crumpling at the ends of bodies, are generally
lacking. At most only a selvage 2 or 3 inches thick of hornfels surrounds the
meta-gabbro bodies; at meny places this selvage is lacking. Thus, the evidence
of the intrusive nature of the meta-gebbro bodies is meager, but what evidence
there is is incontrovertable and indicates that the meta-gabbro bodies are in-
trusive.

Except for a few rare cases inclusions of Perseverspce slate are not found
within the meta-gabbro bodies. The meta-gabbro bodies apparently have shoved
their way into the Perseverance slate, pushing aside and crumpling the country
rock.

The meta-gabbro bodies are spatially closely related to the gold deposits
of the Alaska-Junesu lode system. Most of the ore bodles and ore shoots are to
be found at the end or prong of a meta-gabbro body, in both the meta-gabbro and

the surrounding slate. No ore shoots are found in the massive portions of meta-

COPRY
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Green meta-gabbro: The typical green meta-gabbro is a medium to coarse-

grained, hard, schistose amphibolite consisting of green amphibole in a groundmsa
of plagioclase. The schistose structure is due to a crude parallelism of the
bladed amphibole crystals.

The typical green meta-gabbro consists of about 50 per cent of dark green
snbadral hoovblende crystals poikolitically enclosing small arhedral greins of
quartz in such & manner as to indicate that during metamorphism the hornblende
crystals enveloped some of the quartz crystals. The hornblende of the green meta-
gebbro is pargasite, a variety of hornblende slightly lower in iron content than
most hornblende.

The material interstitial to hornblende is fine-grained quartz, plagioclase,
and zoisite with the accessories magnetite and apatite. Apatite is associated
with quartz and zoisite whereas magnetite is invariebly either within hornblende
or adjacent to it. The plagioclase is untwinned and can be distinguished from
quartz on the basis of refractive index. The index of refraction indicates the
plagioclase is andesine.

Browvn meta-gabbro: Brown meta-gabbro is the results of the action on green

meta-gabbro of hydrothermal solutions that emanated from quartz veins. The

processes involved in the change from green to brown meta-gabbro are discussed

under the heading "m&-@lm@“ glsevhe
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Brown meta-gabbro is composed almost entirely of quartz, brown biotite
and chlorite. Bio'h:!.‘hq is the mﬂ; miwm mineral and is responsible for
the rusty brown aeppearance of the wtcropandthebromytomwhanfmshlybrb- :
ken. Brown meta-gabbro characteristically is non-schistose, in spite of the
fact that green mete-gabbro from which it was derived is schistose. Apparently
th;e blotite did not crystellize under conditions of differential pressure,

Age

The meta-gabbro sills are believed to be of igneous origin, and to have been
intruded subsequent to the deposition of the Perseverance slate and Clark Peak
schist, and prior to the intrusion of the Coast Range batholith, The schistosity
within the meta-gabbro bodies is thought to have been developed during the
regional metemorphism atiendant with the Coast Range orogeny. Thus the age of
the meta-gabbro is somevhere between Upper Triassic and Upper Jurassic-lower
Cretaceous.

AILBITE-MICA SCHIST
General Features

The rocks of this type occur in larpe bodies in two places. Ome of the places

is in the Perseverance ground on the northwest slope of the Gastineau Peak-

Mt. Roberts-Sheep Mountain divide where one large sill and several smaller sills

crop out on the lurfm@n @ ther place 1s on the south-
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east slope of Sheep Mountain vhere a single large sill crops out.

The largest smmmwgrmiaabout 3,200 feet long and 100
4o 200 feet wide. The sill on the aoubheaatfl#nkofSheepMmmtainismaﬂJ
4,000 feet long and tapers from 800 feet wide neaxr its southeast end to eboub
100 feet wide at its northwest end.

The slbite-mica schist bodies are massively schistose, voarse-grained intru-
sive rocks composed of about 7O per cent of albite, 20 per cent of mica (both bio-
#ite and muscovite), and 10 per cent of accessory minerals magnetite, rutile,
apatite, and tourmaline.

The rock has been thoroughly albitized by pervading solutions, some of which
have affected the surrounding sediments so that they too are albitized and a.re
difficultly distinguished from the near by igneous rock.,

The albite-mica schist sills are found only within the Perseverance slate
formation., They possibly occur within other formations, but it is doubtful if they
do, for the albite-mica schist is a distinct and easily recognized rock type. The
outerop pattern of the albite-mica gchist bodies indicate them %o be intrusive
rocks. Their crude schistosity indicates that they were intruded prior or during
the reglonel metemorphism and orogeny that took place in southeastern Alaska during

late Jurassic or early Cretaceous time.

C Q2 Y
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The typical albite-mica schist is a schistose rock composed of about TO per
cent of albite, 20 per cent 'of'mi.'m-(-hoth mscovite and i:iot.ite), end 10 per cent
of accessory minerals.

Albite occurs as lenticular masses about 1/16 of an inch across that have
minute dust-like inclusions paralleling the long axis of the albite lenticles.

‘l‘he; whole appearence of the albite is of having been squeezed or to have cfystal-
lized under conditions of differential pressure. Albite was the last mineral to
crystallize and includes the dust particles previously crystallized. Considerable
fine sericite is scattered within the albite and is oriented parallel to the
schistosity.

The mica minerals, biotite and muscovite, occurs in about equal amounts in
the albite-mica schist. They occur as small plates randomly oriented within the
rock and quite obviously crystallized prior to albite as albite envelopes the smal-
ler mica crystals.

The accessory minerals are rutile, apatite, magnetite, pyrrhotite, tourmaline,
zolsite, calcite, and guartz. Not all thin sections of the rock show all of these
accessory minerals; it is presumed that theyae not universally present throughout

the albite-mica schist. Towrmaline, zoisite, calcite, and quartz are cbviously

secondary minerals for@ ia i KUV& that albitized the
rock. The magnetite oc ce unusual lds it occurs as tiny needles

roduced
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oriented throughout the rock. Quarhzoccursutinyveinhtlmcheutacmas the
schistosity of the rock., Much of the albite-mica schist is not silicified et all,
DIORITE Pom’mr - Post kinemahe
General Features

Diorite-porphyry sills crop out within the Treadwell slate on Douglas Island
end to the northwest in the Eagle River region. They occur as long, thin sills
parallel to the regional cleavage and bedding, They may be as much as several
miles long and several hundred feet thick,

The diorite porphyry sills are said to intrude the Treadwell ore bodies and
hence be younger than those deposits; others have saild that the Treadwell depos=
its mevely represent a mineralized phase of the diorite porphyry. It is not within
the scope of this report to discuss this festure. However, it should be pointed
out that the diorite porphyry is not foliated and has noticeably obliterated the
slaty cleavage of the enclosing rocks. These two facts adequately demonstrate that
the diorite porphyry sills are younger than the regional metamorphism associated
with the Coast Range orogeny.

The diorite porphyry is fine-grained and distinctly porphyritic. The pheno-

crysts are oligoclase and hornblende, with the former dominating., The groundmass

is fine-grained and generally light-colored, Chill-phases as much as 2 or 3 feet

wide are distinct and o@ m@ OM in places contain glassy
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guartz yhcnoc;'yats. ‘

The sills are easily recognized for th_ey have a characteristic appearance
due to their light color and lack of mtamorphism.

ALASKITE AND BASALTIC DIKES AND _SIIJ:S
General Features

These two ;:ontrasting types of intrusives are the youngest knowm consoli-
dated rocks in the Juneau area and are the only intrusives that exhibit any
tendency to cut across regional structures. Nonme of them has been metamorphosed
nor mineralized by the gold-bearing solutions in spite of the fact that many of
them are known in both the Treadwell and Alaska-Juneau lode systems. The sev-
eral basaltic dikes in the Alaska-Juneau mine cut across Silver Bow faullt end
have not been offset by the movement along the fault.

Dikes and sills of these two contrasting types, perticularly of the basal-
tic type are widespread throughout southeastern Alaska, although not particularly
abundant. On the south end of Admiralty Island basaltic dikes cut Eocene rocks,
and because of this fact it 1s concluded that all basaltic dikes in southeastern
Alasks are Tertiary. The writer knows of no evidence to the contrary.

Spencer (1906, p. 19) has described the general lithology of the basaltic

Imck cMing the various formations

dlkes, as follows:

"Several small dax. ..: a- ad
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have been noted in the vicinity of Juneau. In the workings of the Alaska-Juneau
mine in Gold Creek three parallel dikes of diabase averaging about 6 feet in
width were noted., The rock has & fine-grained diabasic texture and consists of
greatly decomposed feldspaer, probebly labradorite, together with basaltic horn-
blendepartlyatheumliﬁe. Mtimqmmmsmtedm"

Only one Alaskite sill has been found in the imediste vicinity of the
Aleska-Juneau lode system. This occurs as a long slll extending at least from
Gold Creek to Salmon Creek. It is about 5 feet wide. It is nearly white in
color and consia;bs of a felsic groundmass with phenocrysts of quartz and musco-
vite. It is virtually void of dark minerals.

UNCONSOLIDATED ROCKS

Throughout the Juneau ares are many different types of unconsolldated sure
face materials of small areal extent. Recent glaciation has removed most of the
products of rock weethering and without excepbion all of the present surface mater-
ial is the product of glacial conditions or of products deposited siunce glacia-
tion. All material formed by rock decay since Cretaceous time and prior to the
ice age, has been removed or reworked by gladial ice.

The unconsolidated rock deposits in the Juneau area may be grouped into four
mein groups: glacial deposits, beach deposits, alluvial deposits, and landslide
deposits. In some cases it 1s nol possible to differentiate the particular type

of deposit. Beach deposits, for example, may be readily confused with glacilal 1:1.1.1.
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No attempt has been made to outline the meny areas of unconsolidated rocks

on the a.cecma.nyiﬁg‘ geologic mp. AAOnly the largest areas are depicted;
Glacial Deposits

In the Juneau area the glacial deposits consist only of lateral and ground
moraine (till). -At nearby Mendenhall Glacier are numerous recessional moraines,
but no where within the Juneau area are there recognizable recessional or ter-
minal moraines. Types of glacial deposits other than ground moraine may be
present within the area shown on the geologic map, but if so they have not been
recognized. Gréund moraines is found only at sltitudes below about one thousand
feet and only on relatively flat areas. The lack of glacial moraine above about
one thousand feet is caused by the steep slopes above this altitude on which it
is impossible for morainal material to cling to the mountain sides. All of the
ridge and mountain tops in the Juneau area were glaciated, but the most recent
valley glaciers only attained an altitude of about 2,500 feet where they enter-
ed Gastineau Channel. Consequently the ridge and mountain tops above the valley
glaciers were exposed above the ice for a much greater time than were the valley
slopes and bottoms. DMorainal deposits that may have been present on the ridge

and mountain tops have long since been eroded away.

COPRPY
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The typical ground and lateral morainal material consists of boulders
and cobbles, some rounded and some not, embedded in a blue-gray glacial flour.
It is ;:otupletsly unsorted. On the basis of physical characters alone it is
difficult to distinguish moraine from bench deposits and some landslide ma-
terial, i

Beach deposits

Beach deposits are widespread and a most conspicuous feature in the Juneau
area. Present-day beaches extend all along Gastinesu Channel, being several
hundred feet wide in the northwest part of the area and only a few tens of
feet wide in the southeast part.

Elevated beaches, some as much as 500 feet above present sea level, have
been found in the Gastineau Channel area. The mpat conspicuous elevated
beach is about 50 feet above sea level and is nearly everywhere present.

The reader is referred to & report by Twenhofel (1952) for a description of
elevated beaches in the Juneau area.

The material of both the elevated and present-day beaches is derived

from two cources; namely the sea-cliff and glacial moraine. Glacial moraine is

by far the principal contributor and virtually all of the beaches can only be
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in glacial flour, The shells are all very well preserved and are identieal
with species living today in the coastal waters.

Beach deposits are generally unstratified and appear to have been but
little reworked by the sea. Only the present-day beach is a prominent topo-
graphic feature.

Alluvial deposits

Alluviel deposits of sand, silt, and gravel arve widely distributed along
the valley bottoms of the principal streams, such as Gold, Salmon, and Sheep
creeks, and to a lesser extent in the valley bottoms of the streams on Douglas
Island. The most extensive alluvial deposits are found in the form of deltas
at the mouth of the larger streams and in the several basins of the stream
valleys.

The deltaic deposits are the largest of the alluvial deposits and some
comprise deposits containing millions of cubic yards of material. The largest
delta deposits in the area shown on plate are at the mouths of Gold and Salmon
creeks. At both of these localities are elevated as well as present-day
deltas. The elevated deltas atbtain a maximum altitude of about 200 feet and

are deeply eroded and only remmants remain. The materials eroded from the up=-

lifted deltas now cwlp:'@ch . GPUVVBBM-W deltas.
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The deltas of Gold and Salmon creeks are cmedofwu-mhgdandwn-
sorted sands and mls. The Wlii"bed deltas constitute a valuable source of.
sand and gravel for construction and road building purposes in the local com~
munity.

All of the so-called basins in the area have a bottom fill of gravel and
sand. The basins are nearly level areas in the stream profile and are characte-
eristic of all but the larger streams of soubheastern Alaska. In addition to
the stream deposited materials in the basin there is considersable landslide
material from the adjacent slopes. The gravels of the basins on Gold Creek
have ‘a.ll been worked in the past as placer deposits, but only in Silver Bow
Basin did the gravels contain sufficient gold to be worked successfully. This
type of alluvial depoesit is made possible by the presence of rock basins formed
by the glacier that formerly occupled each valley tributary to Gastineau Channel.

Landslide deposils

Landslides are prominent features in the Juneau area. They occur on
steep slopes particularly in the spring and fall of the year when the ground
becomes saturated with water. Prominent socars mer the steep slopes vhere past

8lides have cascaded down, removing all vegetation from their path.

Slides are the m@t t@«%km in the Juneau
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area today. They contain vegetation, snow, water, soil, morainal material, and
blocks of bedrock loosencd by fresting and thawing along fractures in the bed-
rock. |

Iandslides contribute most of the detrital material to the present-day
streams, and arethe source for most of the materisl now deposited in the alluvial

deposits.

SUMMARY OF AGE RELATTONSHIPS

The age of the rocks in the Juneau ares has been discussed and speculated
on by several writers. The evidence bearing on the age of the rocks is very
meagre and inconclusive,

The only fossils found in any of the rocks of the Juneau area were found
by Spencer and Bakin in 1916 (see page 60). They were collected from a narrow
slate band within the Gestineau volcanic group near their northeastern edge and
were identified as Upper Triassic. If, as seems reasonable to presume, the
entire assemblage of volcanic material represented by the Gastineau _\fblca.nic
group accumulated during a relatively shortr time, geologically speaking, then
it follows that the entirve Gastineau group is Upper Triassic in age.

Because fossils have not been found in any of the other rocks in the Junesu

ares, all inferences as @u @ch @evnmuom vith similar
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rocks of neighboring localities., However, correlations based on similer lith-
ology are hazardous and must be done with care, particularly with the rocks of
southeastern Alaska, which are so similar in lithology and yet are widely. aif-
ferent in age.

The Wrights (1908, p. 55) report that in 1905 E. M. Kindle found specimens

of Productus aff. P. gruenewaldti Krot. in altered limestone near the base of

a slate-greenstone band at Taku Harbor 25 miles southeast of Juneau. These
specimens indicate & Pennsylvenien (the Upper Carboniferous of the Wrights)
age for the rocks at this point, Spencer (1906, pp. 9-11), on the basis of
fossils found at Taku Harbor, regerded all of the rocks in the Juneau area as
Paleozoic. However, the later discovery of Triassic fossils in the Gastineau
group invalidates, in part at least, Spencer's correlation, However, until
the stratigraphic and structural relationships of the limestone, from which
the Pennsylvanian fossils were collected, are determined with respect %o the
rocks equivalent to those at Juneau, the assignment of Pemnsylvanian age to
any of the rocks in the Juneau ares must be regarded merely as a possibility
and not as a probability. At present it is not lmown if any of the Pennsyl-

venian rocks extend north of Taku Inlet. Knopf (1912, p. 18) has deseribed

the limestone at'ra.lcu@aa Pollo ;p Y
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"The fossiliferous beds consist of bluish-gray to nearly black marbles,
interstratified with welded limestone breccias. The calcareous rocks are
associated with phyllite end green schists, showing an abundant development of
micaceous minerals. A few miles farther south, at Limestone Inlet, are & series
of surface volcanic rocks - amygdaloids and breccias - which are roughly schi-
tose and show finely disseminated biotite on their foliation planes. Notable
among these is a porphyry showing prominent tebular phenocrysts of feldspar;
examined microscopically, they prove to be microcline microperthite phenocrysts
embedded in a trachytoldal groundmass of albite laths interspersed with consid-
erable flaky biotite."

~ Knopf concludes that the known Pennsylvenian strate are much more higl_:ly
metemorphosed and different in lithologic character than eny of the slate-
greenstone rocks of the Juneau area and consequently the Carboniferous strata
at Talku Harbor do not extend to Juneau. The writer takes exception to Knopf's
reasoning that the difference in metamorphism and lithologic character of
the rocks in the two localities are adequate evidence for presuming that the
Pemnsylvenian rocks do not extend to Juneau. Degree of metamorphism may be &
function of age of the rocks in question, but it also may be a function of
the nearness and susceptlbility of the particular rock to the forces and pro-
cesses producing the metamorphism. Thus the alleged more highly metamorphic
character of the Talu Harbor rocks may be the result of these rocks occupyling
a position in relation to the Coast Range batholith that was more favorable
-for metamorphism., Although the author has not seen the rocks in question at

Taku Harbor end Limestone Inlet, he thinks there is considerable similarily

between parts of the ce@ v@ Vm&es dexrived
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by Knopf at Limestone Inlet. The author éoes not wish to imply that ;the Pen-
nsylvenian rocks at Taku Harbor’ do extend to J'tmeau - he merely wishes to point
out that the question of whether there are Paleozoic rocks in the Juneau area
is still unanswered.

The only other nearby locality where fossils have been found is at Berners
Bay. Knopf (1911, pp. 1k-17) collected fossils plants from exposures of the
"Berners formation" on the east side of Berners Bay just north of Sawmill
Cove, His description of the fossil-bearing rocks is as follows:

"The rocks *¥¥* consist of an interdigitating series of thick lenses of
greywacke and argillite standing on edge. The graywackes show cross-bedding
and the agillites are ripple-marked. ¥¥¥ [eaf-bearing beds seem to be scarce, and
the best fossils collected were obtained from a roughly schistose argillite which
was gashed by quartz veinlets."

Knopf submitted the plant fossils to F. W. Knowlton of the Geological
Survey, who reported on them as follows:
(Knopf, 1911, p. 17)

"This material is very difficult to study, for practically all traces of
nervation are absent and dependence must be placed on outline, which has obviously
been more or less modified by pressure. With these limitations in mind, I think
I have been able to demonstrate the presence of Tasniopteris, Agsplenium or Dicke
sonia, Thinnfeldia (?) and possibly another femsomething like teris.

"The choice appears to lle between Jurassic and Lower Cretaceocus, and if
what has been supposed to be Taeniopteris is really such the odds favor the
former. I have not found anything t can be identified as a dicotyledon,
which also is favorable to the probability of its being Jurassic. Although
the evidence adduced is not very strong and the identifications are tentative,
it seems most probeble that they are Jurassic in age."

COPRPY
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At a later date Knowlton further remarked upon the same collection of
fossil plants collected by Knopf':
(Martin, 1926, pp. 259-260)

"The specimens are very small, almost devoid of nervation, and obviously
more or less distorted by pressure. The specimens I said might be Taeniopteris
have nothing but the midrib preserved or possible fain traces of lateral nerves.
Without some positive notion of the lateral nerves it is impossible to distin-
guish this genus from Pterophyllum, Nilssonia, etec. It is not of much value
as it stands.

"Another specimen, identified in the first report as possibly Asplenium
or Dicksonia, with wider experience I should not incline to call ‘E&'—E,
close to an perhaps identical with 0. mantelli, but it is obscure as outline
and without & trace of mervation. Y Therefore hesitate to say it is Onychiopsis,
though it certainly does look like it.

"Phe scrap referred to as Thinnfeldia (?) looks also like some forms of
Thyrsopteris, but it is without ne rvation and hence very uncertain.

"There are some fragments that suggest Cladophlebia, but I can't be
certain about them.

"So much for the things themselves: What can be said with reasonable safety
regarding their age indications? Obviously, if we can not determine the genera,
we are not in a position to interpret their stratigraphic wvalue with accuracy.
However, I will go so far as to say that they are, in my opinion undoubtedly
Mesozoic. There is not a thing that could be as old as the Paleozoic. If I
have been anyvhere near correct in identifying them, the choice must still be
between lLower Cretaceous and Upper Jurassic. They might well enough be Upper
Jurassic, but I do not think they can be older than Jurassic."

Somc fossils were collected by Theodore Chapin from graywacke float near
the vharf of the Jualin mine at Berners Bay. The following statement regarding
them was made by G. H. Girty: (Martin, 1926, p. 260)

"15«ACh=310. Loecality Jualin wharf, Berners Bay. Graywacke float. It
is not believed that this rock traveled far :L’or it is similar to the rock in
place along the coast - Ehe graywacis rmation.! This col=-
lection contains a few ion, as follows:
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"Some impressions that suggest either graptolites or fenestelloid Bryozoa.
Mr. Kirk showed these fossils to Mr. Ulrich, who states that they belong to the
genus Pinm%m (one of the remmmmi. If the fossils are graptolites
the age of s lot would be Cambrian or Ordovician. If they belong to the
genus Pinnatopora the age would be Devonian or Carboniferous.

"Besides these there are impressions that might be external molds of the dor-
sal valve of a Der or Schuchertella, another impression that suggest some
species of Ovi cten,m spirally ribbed coiled shell that might
be either a cephalopod or a gastropod, according to the character of the missing
parts of the fossil.

"So far as I can see you have a free hand in making this lot anything in
the Paleozolc except Cambrian, with the probabilities, however, in favor of
Carboniferous (Mississippian(?)).”

The "Berners formation” in the Eagle River region has been since subdivided
by the author into several mapable units - namely, the Treadwell slate formation
and the Gastineau volcanic group - and hence "Berners formation" has outlived
its usefullness as a stratigraphic term. The fossil loee.i:l.ty noted by Knopf
north of Sawmill Cove at Berners Bay has been mapped as the northwesterly exten-
sion of the Treadwell slate, and, consequently, if Knowlton's determinations are
correct, the Treadwell slate is Mesozoic and possibly Jurassic.

The determination that the fossils collected by Chapin at the Jualin
vharf are Paleozoic and probably Carboniferous (Mississippian (7)), coupled with
the existence of Carboniferous (Pennsylvanian) rocks at Taku Harbor, is indicative
of the presence of Carbonifémus rocks within the Juneau area, but until such

time as the rocks at the two fossil localities mentioned are traced into the

Juneau area, the pmsen@r i%u ares cannot be
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substantiated.

Thus on the basis of paleontologic evidence alone one is led to the con-
clusion that the Gastineau volcanic group is Upper Triasssic and that the Tread-
well slate is Mesozoic and possibly Jurassic.

As described in this report until the section on "Geologic structure”
the author believes all of the rocks from the Douglas volcanic group to the
Clark Peak schist were deposited without a major stratigraphic break. The
whole series is a single conformable sequence representing more or less con-
tinuous deposition. All structural evidence leads to the conclusion that the
sedimentary and volcanic rocks of the Juneau avea are right side up - not
overturned as was postulated by Bakin (1922) and Martin (1926, p. 93).

Because the present author differs with previously published reports on
the structure of the rocks in the Juneau area, it seems pertinent at this time
to inguire as to the basis for earlier statements regarding the structure and
stratigraphic seguence of the rocks of the Juneau area. The structural facts
are presented in the section on "Geologic structure" and the paleontologic
facts were presented on the previous pages. The facts themselves are in no
sense contradictory - they all indicate or permit the conclusion that the

sequence of rocks in t@m s @tht stratigraphic

breaks and is in its normal stratigraphic position with the oldest rocks on
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the soutbwest and the youngest on the northeast.

What then is the evidence upon which Eakin and Martin based their conclu=

sions that the section at Juneau is overturned? Bakin based his conclusion on
the fact that Upper Triassic fossils were found in the Gastineau volcanic group
and that Jurassic-Cretaceous fossils were found in the "Berners formation" and
at Pybus Bay on Admiralty Island. The two latter locations lie westward of
the projected strike of the Gastineau formation and consequently their position
indicates ﬁat the Juneau section is overturned. Recent mapping by the author
has demonstrated that the "Berners formation" is the northwesterly extension
of the Treadwell slate and this would tend to substantiate Eakin's conclusions.
However, the fossils collected by Knopf from the "Bermers formation” were only
tentatively assigned to the Jurassic and the fossils collected by Chapin from
the "Berners formetion” were assigned to the Paleozoic. Actually both collece
tions of fossils were very poorly preserved and their age assignments are most
uncertain; it must be admitted that these two fossil collections are not suf-
ficient evidence to prove to disprove if the rock section at Juneau is over-

turmed or not.

COPRY
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The fossils at Pybus Bay were collected from slates and conglomerates by
Wright and were reported on by T. W. Stenton as follows:
(Wright, 1906, p. 1uk)

"The specimens of Aucella from Pybus Bay, Admirelty Island, arve apparently
referable to species that in California end adjacent States are characteristic
of the lLower Cretacecus Aucella piochil occurring in a lower zone than Aucella
cragssiocollis. The Alaskan spec%:ens probably also came from the Lower Cretaceous,
although strict correlation is rendered somewhat hazardous by the fact that the
genus Aucella with similar specific forms ranges down into the Upper Jurassic."”

Thus there is little doubt that slate and conglomerate beds at Pybus Bay
are either lower Cretaceous or Upper Jurassic, but there is a great deal of
doubt if these rocks are correlative with any of the rocks in the Juneau area.
The slates and conglomerates were correlated by Wright (1906, pp. 1h3-1lk) with
the slates and graywackes in Seymour Canal, but this correlation is based only
on lithology and until the structure of the southern part of Admiralty Island
is deciphered this correlation is to be regarded as only tentative. As a
metter of fact the Pybus Bay rocks lie west of the strike of the Seymour Canal
rocks and it is extremely doubtful if the two groups of rocks are equivalent.

Thus upon close analysis it is found that the conclusion that the section
at Juneau is overturned is based on very inconclusive evidence and in the light
of the structural evidence indicating that the section is right side up, one

must eonclude that Eal
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Martin (1926, p. 93) based his writings of the Juneau area entirely upon
Balkin's work and consequently also postulated thet the Juneau section is over-

turned, He presented no new evidence to substantiate Eakin's conclusion.

METAMORPHISM

GENERAL FEATURES

With the exception of the unconsolidated rocks, the Tertiary (?) dikes
and sills, and the diorite porphyry sills on Douglas Island, all of the rocks
of the Juneau area are metamorphosed. In the following paragraphs the writer
excludes any discussion of wall-rock alteration related to the mineral deposits,
vwhich though a metamorphic process, is properly discussed in relationship to
the mineral deposits.

At least two phases of metamorphism are present within the Juneau area,
although the distinction between the two types is far from clear. A regional
dynamic metemorphism has affected the whole area, in face has affected almost
all of the rocks of southeastern Alaska. It has imparted to all but the mas=-
sive rocks a well-developed cleavage or schistosity which was produced by a

preferred orientation of sericite and chlorite minerals. The metamorphic rank
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is rarely greater than that necaum to produce chlorite and sericite. Limea~
tion, produced as & c‘onsequence. of dynamic metamorphism, is not conspicuous nor
is it everywhere present.

Ad jacent to the Coast Range batholith, and affecting the border of the
batholith, but also affecting the enclosing rocks to a much greater areal extent,
is a zone of thermal metamorphism sbout one~half to two miles wide that is super-
imposed upon the dynamic metemorphism mentioned sbove. Higher temperature meta-
morphic minerals such as garnet, biotite, feldspar;, and amphibole, are present
in this zone than are present in the rocks farther away from the batholith.

The zone of thermal metamorphism is thought to be caused by the main part
of the Coast Range batholith inasmuch as the zone encompasses only the outlying
s8ills and borders of the batholith and the adjacent sediments of the Clark Peak
schist. The regional dynamic metamorphism is os widespread that it is dif-
ficult to atbtribute it to any specific cause. About all that can be said is
that it has affected all rocks younger than the main Coast Range batholith,
inecluding its oubtlying sills and border, and therefore, must be related to the

Coast Range orogeny.
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Study and analysis of the metamorphic effects in the Juneau area is dif-
ficult because the zonme of wmx'phm is nearly parallel to the trend
of the various groups of rocks. Because of the general edging-over to the west
of the Coast Range batholith toward the north, the zone of thermal metemorphism
lil(newise transgresses formstional boundaries. Thus in a general way it is pos-
sible to determine “t-ha metamorphic effects on a given rock unit by comparing
the rock unmit on the southeast part of the monocline where it is ferther from
the batholith than at the northwest pert where it may be adjacent ® ke batholith.
However, possible original lithologic changes along the strike of the formation
renders such an analysis difficult to make,

THERMAL METAMORPHISM

In the Juneau erea only the Clark Peak schist, the outlying sills of the
Coast Renge betholith, and the slbite-mica schist, are thermally metamorphosed.
The effects of thermal metamorphism overshadow the effects of dynamic metamor-
phism, but the rocks still retain their well-developed cleavage and schistosity,
and locally a crude lineation. All of the rocks are recrystellized and a few of
the original minerals still persist. In spite of extensive recrystallization

the originel bedding in the sediments is still retained and is probably as dis-
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tinct as originally. This fact indicates that little or no new material from
outside sources m‘laﬂdsﬁ &urmg ﬁtmrphim. An exception are parts of the
albite-mica schist bodies which have been extensively permeated with albite-
and quartz-bearing solutions.

The effects of recrystallization are strikingly revealed by the presence
of oriented biotite and muscovite crystals, garnet, chlorite, amphibole, clino-
zoisite, untwinned plagioclase, kyanite, epidote, and recrystallized quartz.
The few originai limestone beds are now completely recrystallized to marble.

DYNAMIC METAMORPHISM.

Dynamic metamorphism has produced a well-defined schistosity and cleavage
in all but the massive rocks and particularly in the tuffs and black slates.
In addition to cleavage, which is nearly everywhere parallel to the bedding,
dynamic metamorphism has produced several joint ays‘ben_m and one direction of
lineation. These features are more fully discussed in this report under
"Geologic structure."

The Perseverance and Treadwell slates were originally deposited as fine-
grained muds rich in organic matter. As a consequence of dynamic metamorphism

they were compacbed, subjected to differential stresses and probably elevated
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AGE OF METAMORPHISM
The cleavage, jJoints, l!.neatim;- and mineralogical changes aasocis_@
with the widespread dynamic metamorphism undoubtedly had a common origin and
were produced at the same time, The thermal metamorphism was either contemporan=-
eous with, or subsequent to, the dynamic metamorphism. The relationships are
obscure. Because the pogsition of the effects of thermal metaiaorphiam are
adjacent to the Coast Range batholith it is assumed that the ﬁat-holith provided
the necessary heat, and, therefore, that thermal metamorphism is contemporaneous
with the main intrusion of the batholith. The dynamic metamorphism is believed
to be at least slightly prior to the thermal metamorphism for the thermal
appears to mask the WG. Thus the dynamic metamorphism is thought to pree
date all but the earliest stages of the Coast Kange intrusion. It is believed
that the main portion of the Coast Range batholith was injected subsequent to
dynamic metamorphism for the batholith is not foliated nor 1s it well jointed.
However, the dynamic metamorphism obviously was caused by the Coast Range oro-
geny, for the metamorphism affects all rocks earlier in age than the main Coast

Range batholith.

Thus in recapitulation, the events concerning metamorphism start in Upper

CORY



in temperature. The carbon of the organic matter was converted to graphilte
end mach of the arglllaceous material was recrystallized to sericite with a
little chlorite. The development of sericiite oriented parallel to the bed-
ding is responsible for the excellent cleavage of these rocks.

The tuff beds of the Gastineau volcanic group was affected by dymamic
metamorphism Just as much as the slate beds. They all have & fine slaty
cleavage parallel Lo the bedding. The ferromegnesian and argillscegus minerals
were all converted to chilorite and in some cases Lo actinolite, thus imparting
to all these rocks a light green color.

The lava rocks of the Gasfineau and Douglas Island volcanic groups are

the least aflected by dynemic metamorphism of any of the rocks. Apparently
thelr massiveness resisted dynemic stresses and only locally has cleavage de=

veloped in them. They are jointed, but not nearly as much as are the finer-
grained bedded rocks. Recrystallized minerals, developed as a consequence of
dynamic metemorphism, are chlorite, sericite, calcite, and epidote,

All of the recrystallized minerals developed by dynamic metemcrphism
are characteristic of low-grade rank and, therefore, indicate thal temperatures
of the rocks affected were comparatively low.

~N [ /4
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Jurassic-Lower Cretaceous tmq with the beginning of the Coast Range orogeny (the_
time of greatest stress) end the con;eqwnt_kw.hpmnt of the dynemic mebemorphic
effects. This stage was followed by a time of waning stress and pressures and
the intrusion of the main batholith and comsequent thermal metamorphic effects.

GEOLOGIC STRUCTURE

GENERAL FEATURES

The Alaska-Juneau lode system lies within a belt of stratified metamorphic
rocks believed to be Mesozoic in age and probably of Triassic and Jurassic age.
This group of rocks extends along the mainland coast of southeastern Alaska from
Berners Bay southeesterly to at least Port Houghton, a total distance of about
120 miles, and the belt may extend over a much greater distance. On the north-
east this belt of rocks is bounded by the Coast Range batholith. There is no
mapping done that would enable the southwest border of this belt to be determined,
other than to say it may extend as far west as Chatham Strait.

Throughout the Mesozoic belt along the mainland the rocks strike northwest-
southeast and dip from 30 to 70 degrees northwest. Both bedding and schistosity

are parallel throughout the belt. The mainland Mesozoic belt, in-so-far-as now
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lmown, is a monocline that dips ’genea.th the Coast Range batholith. Buddington
and Chapin (1929, pp. 298-295)'.-&5&5.& the mainland belt of Mesozoic roeks to
be part of a synclinorium named by them the "Juneau Synclinorium." According
to them the southwest limb of the synclinorium lay west of Seymour Canal on
Admiralty Islend. They believe the major structure to be synclinal rather than
anticlinal on the basis of fossil evidence that is far from conclusive. The
synclinorium postulated by Buddington and Chapin requires the rocks in the im-
mediate vicinity of Juneau to be overturned, a supposition believed to be incor-
rect in the light of structural data presented herein.
In an earlier paper Martin (1926, p. 94-95) using data presented by
Eakin (1922) also assumed the entire rock section of the Juneeu area to be
overturned. Their evidence, which is more fully presented in this report in
the section "summary of age relationships,"” is based on correlation of the
Juneau rocks with similar lithologic units elsewhere in southeastern Alaska.
Evidence collected by the writer indicates the rocks of the Juneau
area to be right side up. Within the lavas of the Gastineau volcanic group,
on the north shore of Talu Inlet, pillow lavas are well exposed. The pillows

have their convex side facing the northeast and their flat or bottom side

facing southwest. sm@ ﬂ@avﬂ@hva Island volcanic
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groupthat.am so abundantly and well exposed along the east shore of ILynn
Canal between Yankee Cove an-d' fﬁe soﬁ;ﬁ-shom of Berners Bay, have their con-~
- vex surfaces facing to the northeast. Thus it mey be safely concluded that
both of these volcanic groups are right side up.

less conclusive, but never-the-less indicative, evidence was noted at
several iocalities where the slates were seemingly converted to hornfels by the
Douglas Island volcanilcs that rested against the slates. In all cases the
volcanic rocks were found to lle to the northeast of the hornfels, thus in-
dicating that the hornfels-glate was deposited prior to the volcanies, and
further indicating that the section is right slde up.

It might be expected that cross-bedding and ripple marks would be abundant
within some of the graywacke of the Treadwell formation, but in spire of dili-
gent search only one questionable wave-ripple mark was found and several very
poor indications of cross-bedding were seen. These occurrences, admittedly
poor as evidence, all indicated the tops of the beds to lie to the northeast.

None of the other criteria often usable for determining tops from bottom
of beds and flows was found.

Therefore, on the basis of the evidence presented above, and in spite

of previous assertions @ co@ @tﬁv believes that the



monoclinal structure of the Juneau area is right side up, and believes the

oldest rocks to be the Douglas Island voleanic group and the youngest of

the sedimentary and volecanic rocks to be the Clark Peak schist.

STRUCTURAL TRENDS
Contacts and Beddings

The general strike of all rocks within the Juneau area is N.47°W. and
the dips average 72 degrees northeast. There are, however, many variations
in strike from N.5°W. to N. 85°W. and variation in dip from 20 degrees north-
east to vertical. An equal-areca plot of the altitude of 218 resdings cf dip
and strike of the bedding (cleavage)is shown in figure b,

In the lode system itself the bedding (cleavage) strikes N.50°W. and
dips 55 degrees northeast (see fig. 5). It is to be noted that the altitude
of the bedding of the lode system is slightly different from the general al-
titude of the bedding throughout the Juneau area. No particular ' significance
is attached to this difference as the observations within the lode system fall

within the range of variation of the readings for the whole area.
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It is & matter of direct and repeated cbservation that the altitude of
cleavage and bedd:l.ng are parailel throgholrl: the Juneau area except in ‘bﬁose
instances where the beds are dragged into small drag folds, rerely more than
ten feel across. For all intents and purposes bedding and cleavage are iden-
tical,

Figures 4 and 5 illustrate a characteristic feature of the Juneau sres
and the lode system, nemely that where the bedding (cleavage) swings westerly
the dip becomes greater. This situation indicates that minor flexures occur
on the monocline with their axes lying in the plane of the bedding and plung-
ing steeply to the north, approximately parallel to axis "a" in figures 9
and 10,

All the sedimentary and metamorphic rocks in the Juneau area are conformable
and the bedding and cleavage are parallel to the contacts between the formations.
A1l intrusive rocks are generally concordant withthe bedding, with the exception
of the large slll near the top of Mt. Juneau; this is slightly cross-cutting
with respect to the strike of the enclosing sediments, althcugh its dip appears

to be the same.

Folds
There are no major @in @e : Msemd folds are inter-
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preted as minor drag folds caused by the alippingatﬁeds on the northeast side
upward with respect to beds on ﬂn .ﬁqxi’hhwét side. None of the folds is more
than a few tens of feet across and most of them are only a few inches acz-'oss.
They are found only in thin bedded rocks that apparently served as the locus of
adjustment between the more massive beds as they were tilted into their present
po:;iticn on the regional monocline.

The axial planes of the drag folds lie parallel to the bedding and cleavage
of the rocks; consequently, the axes of the folds lie within the bedding and
cleavage. On many slate cleavage surfaces is a rude lineation and corrugation
which is parallel to the axes of the drag folds. Both lineation end axes of drag
folds are plotted on figure 6. The maximum position is extremely well defined
and illustrates the remarkable uniformity of both lineation and the axes of
drag folds. Their position is within both the cleavage and an imaginary N.8L°W.
vertical pla.ne. Within this plane the axes plunge 35 degrees to the east.

Joints
All of the rocks of the Juneau area are broken by numerous joints. They

are best developed in the Perseverance slate and the Gastineau volcanic forma-

tion, although they are conspicuous in all types of pre-batholithic rocks.
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for they do not cross the veins. The joints also pre-date the faulting as
non of them crosses the faultu..'

In addition to cleavage, (which actually is a jJoint too), there are three
well-defined joints. These are plotted on a spherical projection in figure.T.
T?xe most prominent set strikes N.30°E. and dips T6 degrees to the northwest.
The next best developed set of joints strikes N,34°W. and dips 40 degrees to the
southwest. It is approximately perpendicular to the cleavage (see figures 9
and 10), The third and most poorly daww set of Joints strikes northesouth
and dips 45 degrees to the west. It too is approximately perpendicular to the
cleavage., This set of Jjoints is interpreted as a cross joint system because it
lies perpendicular not only to the cleavage but also to the lineation and drag-
fold axes. The other two sets of joints are referred to as a_oints 2 and 1
respectively.

The veins occupy & Joint set that has not been distinguished except for
the fact that it is filled with vein material. In other words the joint set
now occupied by the veins of the lode is not apparent elsewhere other than in
the lode system where it is filled with vein material. The veins (see fig. 8)

strike N.36°W. and dip 78 degrees northeast.

Mutual mht@nh@ox@m@xv.m position of cleavage,
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veings, and joints is shown in stereographic projection on figure 10 as solid-
line arcs representing the m;s of the various planes on the spherical yro-f
Jection. On this same figure are plotted the positions of the three standard,
mitually perpendicular, axes of reference, namely "a," "b," and "c." The "b"
aa’:is coincides with the maximum position of lineation and drag-fold axes.
It lies within the plane of the cleavage. The cleavage plane is considered to
be the "ab" plane, a plane of shear. The "c¢" axis, of course, is perpendicular
to the "ab" plane and lies within the plane of the crose joint; the "a" axis
is perpendicular to both axes "a" and "c" and when plotted is found to be the
intersection of the planes on the cross Joint and the cdleavage. The coincidence
of axes "a" and "c¢," both lying within the plane of the cross joint thereby
determines that said joint is a cross joint. It is to be noted that the planes
of cleavage, cross Joint, and vein intersect along the "c" axis, and that the
planes of Joints 1 and 2 approximately intersect along the "c¢" axis. By virtug
of the fact that the plane of the cross joint is the "ac" plane, it is perpendi-
cular to drag-fold axes, lineation, and cleavage.

On figure 10allof%hemimmp1msar§rotat¢daboutamrth-smth

axis to a position 45 degrees to the west sothat the plane of the cross joint is

perpendicular to the p@ t@mt@ Y%umt gated positions



o =

123
of the planes is shown as dashed-line arcs of the traces of the planes on the
spherical projection. In the rotated position the trace of the cross joint
becomes a straight north-south line representing a vertical plane that is a
plane of symetry with respect to the rotated positions of the planes of cleavage
and Joints 1 and 2. The plene of the vein is not symmetrical with respect to
the plane of the cross joint.

Because the planes of cleavage, cross joint, and joints 1 and 2 are all
part of a system with a plane of symmetry coinciding with the plane of the cross
Joint, it is concluded that all of these planes are directly caused by the one
set of stress; the same set that placed the mcka‘ in their present position.

The plane of the vein occupies a somewhat anomolous situation with res-
pect to the other joint plenes. On one hand it appears not to belong with the
other planes, as it is not part of the symmetry system. However, on the other
hand it contains the "a" axis and, therefore, may belong to the system of the
other planes. The data do not reveal which alternabtive is correct.

Relationship of joints to causative stress. In figure 9 an attempt is

made to depict and relate the planes of cleavage and Joints (except the plane

of the vein) to a hypothetical, oriented strain allipsoid. The cleavage and

contained "b" axis are @t‘ed @Dﬂ cleavage is a shear
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plene of the strain ellipsoid and the "b" axis coincides with the "B" axis

12k

(internediate) of the strain ellipsoid.

Figure 9 shows that the component of maximm stress is & north-south direction
along the short axis, "C"-"C," of the strain ellipsoid. Therefore, it is postu-
lated that the orogenic stresses which tilted the rocks to their present position
during the Coast Range orogeny during the late Jurassic and early Cretaceous,
had their component of maximm stress directed in a horizontal plane along &
north-south direction.

Figure 9 shows that the Wnant of maximum relief is axis "A"-"A," a line
lying in a vertical plane oriented eastewest and inclined about 55 degrees from
the horizontal. The direction of tectonic transport is axis "a"-"a." It
represents the direction of movement within the shear plane (cleavage) and,
consequently, is the direction along which adjacent beds moved relative to each
other. It was the slip movement along this direction that produced the drag

folds observed in the Perseverance slates.

CORY
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Faults

The rocks afthemmeauammeutby-'thmwandsofmllfaulbs,mnyor'
which are too small to be mapped on mine maps, and all but four of which are too
small to show on Plate 2. These four faults have been traced .for many miles be-
youg the limits of the map of Juneau and Viecinity. All of them, with the excep-
tion of Silverbow fault are recognized from aerial photographs.

The total extent of large-scale faulting, such as represented by the faults
shown, is not known in southeastern Alaska. Studies of aerial photographs in-
dicate that all of the major feults of the northern part of southeastern Alaska
are related to a major rift in the earth's crust that extends along Lynn Canal
and Chatham Strait.

Because the sheared rocks in the fault zones are less resistant to erosion
than the wall rocks, the faults ordinarily occupy linear depma;ions that are
readily traced on aerial photographs. All of the major faults dip steeply
(60° to 90°) and consequently their trace is approximately a straight line.

Most of the faults, both large and small, trend northwest and dip steeply
northeast somewhat more steeply than the bedding and cleavage. A few faults

strike east-west and are nearly vertical. A characteristic feature of all the

faults in the Juneau u@b& 0 ches the main faults.
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These gemmayntaffatm;lwglesandtmndmauehamrasmhe-
caneparm.eltothabeddingar;dtoiiatim. In the Alaska-Juneau mire meny of
the splits leave the main Silverbow fault by curving to a position parallel to
the bedding.

The faults range in thickness from a few inches to many feet. At places
the faults are gouge-filled fractures with well-defined walls; at other places
a fault zone is mede up of hundreds of smell shear surfaces with little or no
gouge and poorly defined walls.

The material in Silverbow fault is commonly black with graphite, It is
often brightly polished and striated. At some places the gouge is gray colored.

Only on Silverbow fault has the amount of relative movement been determined.
Here the rock on the north side has moved west about 1400 feet and has been
moved down an unknown amount butat least more than 1400 feet. It is believed
that the movement on all of the faults was small for, except forSllverbow fault,
mapping has not revealed any apparent displacement among the faults, It is
believed that the faults represent zones of repeated shearing without much

actual displacement,

COPRY
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SUMMARY OF ORIGIN OF STRUCTURAL FEATURES

Most of the smemmrinthuse@mummummmaower
places in this report. The material is merely sunmarized here to give the read-
er a less scattered outline of the structural events that have taken place in
the Alaska~Juneau lode system.

' The bedded rocks, from the Douglas Island volcanics to the Clark Peak

schist, were originally laid down in a marine eanviromment in a nearly horizontal
position. The Douglas Island volcanics were deposited first and were successively
and conformably overlain by the Treadwell, Castineau, Perseverance, and Clark
Peak rocks. At the close of the deposition of the Clark Peuk schist widespread
compression by mountain-building forces acting in a northe-south direction tilted
the rocks to their present northeasterly dipping and northwesterly striking
attitude. The compression presumably acted during late Jursssic and early
Cretaceous time. The Coast Range batholith was intruded at approximately the
same time under the influence of the same orogeny.

The general structure of the area is monoclinal; the rocks generally strike
northwest-southeast and dip about 70 degrees northeast. Well-developed cleavage
is imposed on all the rocks, particularly the thin-bedded slates and tuffs; the

cleavage coincides with
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rocks have been drag-folded by glippagc; parallel to bedding. There is no eﬁdenge
of isoclinal folding.

In addition to the plane of the cleavage three other sets of joint planes
are developed in the rocks. One of these, the cross Joints, strike north-
south and dip sbout 45 degrees to the west. One of the other two sets strikes
1‘v.31;°w. and dip 40 degrees southwest, and the other strikes N.30°E. and dips
76 degrees to the norl'.hwe.f.’.t.

Stretching and corrugation have developed on the cleavage surfaces and coine
cide with the direction of the fold axes of the drag folds. In addition to lying
within the cleavage the stretching lies in a hypothetical vertical plane that
strikes N.84°W; measured in this vertical plane the lineation and drag-fold axes
are inclined to the east 35 degrees.

Faults, that cut all the pre-Tertiary dikes and sills and post-date the
mineralization, trend northwesterly and east-west, and dip steeply northeasterly
and northerly respectively. Many subsidiary faults split and branch off from

the main faults in a menner such that they become parallel to the bedding.

CORY
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MLODE SYSTEM
GENERAL FEATURES
The Alaska-Juneau lode system is confined exclusively to a band about 300
feet wide and 3-1/2 miles long in the foobwall portion of the Perseverance slate.
In addition to the slate the lode is composed of meta-gabbro sills, both rocks
of which have been injected by a multitude of quartz veins carrying values in
gold, silver, and lead. The greatest sbundance of quartz Weins, and the greatest
values, are to be found in ground that it near the ends of meta-gabbro sills
where they interfinger slate, both in ﬁh—@.‘bbro and slate.
Silverbow fault, one of the major faults in the Juneau area cuts across
the lode system near its middle and divides it into two parts. The northern
part contains the Fbner mine and the North Ore Body of the Alaska-Juneau mine.
The southern part contains the South Ore Body of the Alaska-Juneau mine and the
Perseverance mine.
Ore bodies in the Aleska-Juneau lode system are blocks of ground that
contain abundant quartz veins near the ends of meta-gabbro sills. The shape
of the ore bodies is very irrvegular and their boundaries are assay bWiea.

In a general way the ore bodies dip to the northeast parallel to the regional

dip of the slate and m@bv@, Mﬂm plane of the dip in



< o 130

direction of drag-fold axes and lineation within the slates.

The quartz veins are the gold-bearing portion of the lode system. For all
practical purposes the slate and meta-gabbro wall rocks can be considered to
be barren. The veins are from a few inches wide to 2 or 3 feet wide and may
extend for several hundred feet along their strike and along their dip. Within
neta-gabbro the veins are more definite in outline and attitude than they are
within slate.

Quartz consitutes over 95 percent of the vein material. The other principal
vein minerals are ankerite, pyrrhotite, arsenopyrite, galens, and sphalerite;
these minerals are generally localized in the veins near or at the contact of
the vein with the wall .roek.p Cold was the last mineral to erystallize and
occupies fractures in the wall rock adjacent to the quartz veins.

The solutions that produced the quartz veins had e profound effect upon
the adjoining meta-gabbro rock a.nd a lesser effect upon the a.d‘joininglslate
rock.j-‘ The meta-gabbro sills, which are normally & green schistose ho;'nhlende
gabbro, have been converted to a brown, non-schistose biotite rock with theal-

dition of soda, potash, titenium, carbon dioxide, and phosphorous pentoxide, and

the partial removal of L@@@lﬁm@ Vm‘ur.
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large-scale, low=-cost mining hes been the ormly successful meens of recovering
gold from the Alaska-Juncau lode system. None of the veins is sufficiently per-
sistent and large to be mined individually. The most successful method was to
block cave large parts of the lode system followed by hand sorting to remove the
barren slate and meta-gabbro.
VEINS

All of the gold bearing quartz wveins in the Alaska-Juneau lode system
are remarkably similar in their general aspects, although, as is to be expected,
they are dissimilar in details. The majority of the veins range from a few inches
to 2 or 3 feet wide and extend along their strike and dip several tens to a few
hundred feet., They can be thought of as thin lenses of quartz interspersed
throughout slate and meta-gabbro country rock.

Figure 8 illustrates the attitude of 87 gold-bearing quartz veins in the
North Ore Body, and is representative of the attitude of the veins throughout
the Alaska-Juneau lode system. A single vein maintains ite attitude throughout
with only negligible change. The atitude of the veins throughout the lode systam
is remarkably consistent. It should be noted, however, that the data on which

figure 8 is based are somewhat selected as observations were taken only on

those veins that had ue@ “Vtent in strike and
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dip. Probably 65 percent of the w:i-na‘ in the lode system meet these qualifi-
da.tions 3 35 perceﬁt do not. 7

In general the veins strike N.36°W. and dip 78 degrees to the northeast.
It is To be noted that the attitude of the veins is definitely cross-cubting
with respect to the cleavage and bedding of the enclosing rocks. This fact be-
comes readily apperent by comparison of figures 5 and 8. This fact becomes
even more apparent by observation of the underground workings, particularly the
cross cuts of the Alaske-Junesu mine; the underground observer cannot fail to
be impressed with the fact that the veins dip very steeply (75 to 80 degrees)
%o the northesst whereas the schistosity of the meta-gabbro and the cleavage
of the slate dip less steeply (50 to 60 degrees). The fact that the cleavage
and bedding strike about 15 degrees more to the northwest than does the vein
is not readily spperent by observation underground,

The veins have very sharp and weil-defined walls with both slate and
meta-gabbro; although it appears that the walls in contact with the slates are
somewhat better defined than are those in contact with meta-gabbro., Slate-vein
contacts are knife-edge; meta-gabbro-vein contacts are comprised of about one-

quarter to one-half inch of material transiticnal between meta-gabbro and

e COPY
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The veins are lacking in inclusions of well-rock material. It is confidently
estimated that less than one perc;;;;xt of the veins contain any wall-rock inclue
sions at all.
ORE BODIES AND ORE SHOOTS
°  Gold-bearing quartz veins are present within the Perseverance slate
throughout a length of 3-1/2 miles from Mt. Juneau southeast to Sheep Mountain.

Whether or not a given volume of rock within this distance is an ore body de~

pends upon the number of quartz veins. All veins apparently contain eppre - ately
equal values in gold. A workable rule-of~thumb is, "the greater the number of
veins, the higher the gold value" of a block of ground. The maximum intensity
of veining, and consequent values, is in the North and South ore bodies of the
Alaska-Junesu mine and the Perseverance mine; these blocks of ground ave near the
center of the mineralized ground extending from Mt. Juneau to Sheep Mountain.

The ore bodies are confined exclusively to a band about 300 feet wide in
the footwall portilon of the Perseverance slate, immedlately adjacent 4o the
underlying Gastineau volcanics.

There is no known reason that the ore bodies are confined to only the footwall

portion of the Perseverance slate. All conditions, other than position, prevail

COPRPY
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S.n other portions of the Perseverance slate. Similarly there is no knowm reason
that the ore_bod-:!'.éu are coni’inedto the particular position that they are along
the strike of the Perseverance slate.

Individual ore shoots may be described as zones of abundant quartz veins.

Cround not considered as ore contains lesser mmbers of quartz veins. Boun= }r“
g A v
daries of ore shoots are largely determined by assays. 71— "“},_ / ar s’ v ._w"l"/

Y ~
Qo*

Structurally ore shoots are to be found in zones containing many small
meta-gabbro bodies or apophyses of a large meta-gabbro body within slate. Ore
shoots have not been found within large meta-gabbro bodies or within slate
zones not containing at least a few small meta-gabbro bodies.

Ore shoots are irregular-shaped zones, the long dimens;on of which is
approximately parallel to the long dimension of the adjacent meta-gabbro body.

This relationship is a consequence of the close correlation between ore shoots

and interfingering meta-gabbro and slate.

CORY
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FAULTS

The Alaska-diliiiode systen 15 out Wik Mitivale of faclte, MESEEE |
them are parallel to the cleavage and bedding of the Perseverance slate, although
some of them transect the bedding and cleavage at small angles either along the
strike or dip. Branching end rejoining of the faults is very common. The
greatest nunber of known faults are within the lode system near the footwall of
the Perseverance slate; this appavent fact is probebly a function of the many
underground openings in the lode system as compared to other places in the
Perseverance slate.

The major fault in the area is the Silverbow fault that transects the

bedding end cleavage in an east-west direction (see plate 2). All other faults

in the lode system arve subsidiary branching faults that "horse tail" off from

e e e

the Silverbow fault. Silverbow fault strikes east-west and dips TO degrees
north, Tt divides the Alaska-Juneau lode system into two parts, a north pert
ineluding the North Ore Body and the Ebner mine, end a south part including the

South Ore Body and the Perseverance mine.

Silverbow fault is a normel fault with a strike slip of about 1400 feet
and a dip slip of at least 1400 feet. There is considerable doubt as to Tthe amount

of dip slip, for thels

@ Vﬁfa of the fault preclude
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accurate determination of the m‘b of dip 51:!.17..

Silverbow fault is in rea.lity a .shea.r zone consisting of several sub-
parallel gouge zones and intervening fractured rock. Branching off from
Silverbow fault are thousands of faults, some of which rejoin the min'fault,
and others that depart from the trend of the main feult and within & few hune
dred feet away from Silverbow feault generally are parallel to the bedding.

The subsidiary faults branching off from Silverbow fault have broken
the rock into a great number of blocks in such a complicated manner that it
is impossible to determine the arrangement and position of the blocks prior
to faulting. Thus, it is impossible to determine the amount and direction
of movement slong any faults other than Silverbow fault; and in the latter
case, as mentioned above, the movement can be expressed only in the most
general terms.

As near as can be determined, all faulting within the Alaska-Juneau
i.ode system is part of a single system, the principal c@onent being Silver-
bow fault; all other faults are subsidiary to it and are part of a system
branching from it. In effect Silverbow fault represents a crustal break

across the pre-existing bedding structure » Wwith the subsidiary feults repre-

senting lesser msolwd@m@ t@&wu that resulted in
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Silverbow fault.

The thw@mnmm@gms S1lverbow
fault definitely cuts the lode system into two parta and, therefore, is poste-
mineralization. Many of the early engineers in the Alaska~Juneau mine assumed
the gold ore was related to Silverbow fault and confined theilr exploraﬁions
to areas adjacent %o it. The fact that gold-bearing quartz veins asre found
at many places within and along fault zones led to the earlier belief that
nineralization followed and was related to faulting. Subsequent cbservations
and mining have demonstrated that the ore-bearing gquartz in fault zones was
dragged into that position.

The fact that Tertlary(?) basalt and disbase dikes cut across Silverbow
fault without displacement prove that the faults arve pre-Tertiary (1).

Inasmuch es the sge of mineralization is post-Coast Renge batholith (Upper
Jurassic or Lower Cretacecus) and pre-Tertiary (7), it follows that the faulting

occured some time during late Cretaceocus.

COPRY
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In spite of the long list of minerals that follows, the mineralogy of
the ores of the Alaska-Junegu lode system 1s quite simple, The minerals in-
clude those of the veins, which are predominantly quartz with lesser amounts
of ankerite, pyrrhotite, galena, sphalerite, ansenopyrite, and gold, and
the minerals of the slates and mete-gabbros which comprise most of the host
rock. The minerals of the slates are quartz end greg hite, and the minerals
of the meta-gabbro are blotite, hornblende, ankerite, quartz, plagioclase,
magnetite, and chlorite. In addition other minerals are found but they

are distinctly lesser in amount than any of those listed above.

COPRY
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| Metallic s
Gold (Au). mﬂive gold occurs as flakes irregularly distributed in the
quartz beins, in particular along the maxging of the larger quartz veins where

1t is essocieted with galena, sphalerite, arsenopyrite, pyrrhotite, and snker-

ite. Tt occurs in minubte fractures in ankerite and slong sulfide contgcts

and more rarely in frectures in quartz. The presence of

or both, are said to be indicators of gold and it has been the xperience of
the Alaske-Juneau mine that the best ore is that which contains sulfides,
particularly gelena or sphalerite, although quartz without sulfides does contain
some gold,

Most, if not all, of the gold is free as is indicated by the mill
recoveries of the Alaska-Juneau mill. In 1931 (Scott, 1932, pp. 375-382),
Tor example, the average gold recovery was 79.58 percent of which 6136 percent
was recovered as bullion and 18.22 percent was recovered in the lead concentrate.
These figures indicate that at least 80 percent of the gold __;gl_,_‘free, end assays

made by the Alaska-Juncau mine of clean sulfide minerals indicate that probe-

ably 90 percent of the gold is free and not contained in the sulfides.

Smith (1941, pp. 167-168) reports that:

"Eight recoxds gold p@ in Silver Bow Basin show
fineness renging from the| pathemati average of the elght
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records examined being 802-1/2, It is apparent that the gold is of distinctly
local ordgin and has not been transported far or subjected long to atmospheric
or other processes that might have effected much removal of the more soluble
conetituents of the 'dust.' In this connection it may be of significance to
point out that the bullion received at the Seattle Assay Office in 1934 from
the large gold mine that is situated near these placers contained 822 parts
of gold and 148 parts of silver, with 30 parts unaccounted for in the assay.
In 1935 the fineness of the lode gold from the same mine, tested in the same
way, gave 820-1/2 gold and 148-1/2 silver. It is distinctly surprising that
this bullion from the nearby lodes had a fineness so much higher than the aver-
age of that from the placers."

Scott (1932, p. 48) reports that the average fineness of the bullion of
the Alaska-Juneau mine is 850 gold and 130 silver; this figure is even higher
in gold than those reported by Smith. It should be noted that Scott's figures
are based on ore from the North Ore Body and Ebner mine and consequently is
more fine than gold from the south eastern part of tlelode system.

Silver (Ag). Native silver is not known in the Alaske-Juneau lode system
although silver-bearing minerals are in sufficient quantity to profitably re-
cover silver. A considerable quantity of silver is combined with gold as is
indicated above by an average fineness of 850 gold. The ratio of gold to
silver recovered in the lead concentrates is about 1 to 1, indicating that
part of the silver in the concentrates is very probably combined in some manner
with galena and the rest of the silver with gold. Past production records of

the Alaska-Juneau mine indicate that about 23 percnet of the silver is combined
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with gold and about 77 percent is probably combined with galena. Past pro-
duction records indicate tmt- tha r;.tin of silver recovered to lead recovered
i sabout one ounce of silver to 20 pounds of lead, and presumably this is about
the ratio of ailvqr to lead in the ore.

- Byrrhotite (FéSa—S). The most abundant sulfide in the quartz veins is py-
rrhotite. It is also found as impregnations of the biotized meta-gabbro ad-
Jacent to ciuartz veins. It occurs as irregular aggregates as large as 6 or
8 inches across in the quartz beinlets and as irregularly distributed small
masses 1/8-inch across in biotized meta-gabbro. A conspicuous feature of the
pyrrhotite is the iridescent tarnish that develops on all exposed surfaces and
the ease with which it crumples when struck a sharp blow. It comprises slightly
less than 1 percent of the rock trammed in the Alaska-Juneau mine. Specimens
of pyrrhotite picked free of all visible impurities assayed from $0.41 to $2.89
(vased on $20 gold) in gold per ton. Apparently very little gold is intimately
associated with pyrrhotite.

In addition to being the most abundent sulfide mineral pyrrhotite is also
much more widespread than any other sulfide mineral in the Alaska-Juneau lode

system. It is the only sulfide mineral in many of the quartz veins, yet it always

is present in veins conf@ 1@«%{ well.
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A 1little pyrrhotite appears as exsolved veinlets in sphalerite, but most
of it occurs as separate mm or intercrystallized with galena and sphalerite
where these minerals are present.

Galena (PbS). Galena is erratically distributed in the veins of the Juneau
m and generally is associated with sphalerite. It carries considerable
sllver and is recovered as a lead concentrate in the flotation system of the
Alaska~Juneau mill, It does not crystallize in well-defined crystals, but occurs
in quartz beins as irregular shaped, coarse-grained masses occupying spaces
between earlier crystallized minerals. GCalena is not found in the wall rocks.
According to the mill records of the Alaska-Juneau mine the ore contains about
0.1 percent of galena, bul inasmuch as all of the galena is in the veins it is
apparent that the galena content of the beins is 3 or 4 times this figure.
Galena picked free of all impurities assayed $0.83 to $1.45 per ton in gold
(Based on $20 gold).

Sphalerite (Zns). Sphalerite is intimately associated with galena and the

two minerals have the same mode of occurence and are generally coarsely inter-
crystallized. Sphalerite is more abundant than gelena; according to Alasks-

Juneau mill records it comprises about 0.2 percent of the ore and makes up 3 or

N o~ 4
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Sphalerite is nearly black, has a highly resinous luster, and rarely
shows erystal fomms, although it has a well-developed dodecahedral cleavage. Under
the microscope it was observed that sphalerite contains numerous exsolved veine

e and this fact considered with its dark color suggests that

the sphalerite is saturated with iron and is the variety marmetite.

Sphalerite from the Alaska-Juneau mine picked free of all impurities assayed
$1.24 per ton in gold (based on $20 gold). Sphalerite was not recovered in the
Alaske~Juneau mill for the values derived by recovering it would not Justify the
additional cost required.

Byrite (PeS). Pyrite is not a perticularly abundant metellic mineral in
the ores of theAlaska-Juneau lode system. It is found as very smell well-formed
crystals in the quartz veins, as irregular masses impregnating biotized meta-
gabbro, and as disseminated small crystals in the country rock. Pyrite come
prises about 0.3 percent of the ore sent to the Alaska-Juneau mill. Pyrite
picked free of all visible impurities assayed $1.65 per ton in gold (based on
$20 gold).

Chalcopyrite (CuFesSy). Compared to pyrrhotite, ansenopyrite, pyrite, sphale-

erite, and galena, chalcopyrite is extremely rare but apperently is quite wide-

gpread. Tt is present @:b @@m tempts have been made to

recover it for its copper content. Some, of course, is recovered in the con=-
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centrates vhich are chiefly valuable for their gold, silver, and leed values,
Small blebs of chalecopyrite in sphalerite can be seen with the microscope;
these presumably resulbed from unmixing of a solution of chalcopyrite and

sphalerite.

Arsenopyrite (FeAsS). Arsenopyrite occurs in many of the quartz veins

of the Alaska-Juneau lode system. It is lacking in the Ebner mine and most

of the North Ore Body of the Alaska-Juneau mine, but towards the southeast it

becomes increasingly more abundant and in the Perseverance mine it is second

only to pyrrhotite in abundance, being at least twice as abundant as galena

and sphalerite. It is associated with pyrrhotite in the quartz beins and shows

a strong tendency to crystallize in clusters of well-defined crystals.

e

,\L}‘*?[\ Iimenite (FeTi03) end magnetite (Feq0y). These two minerels are constituents
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p

(of the i rocks and were not introduced by the ore-forming solutions. They

o S

1 \\.“t.“i“\fgbémxr es isolated euhedral crystals and as tiny irregular veins. They are dis-
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tinguished by the fact that ilmenite is anisotropic whereas magnetite is iso-

tropic. Some of the ilmenite is altered to leucoxene. Extremely fine-grained

magnetite is present in much of the meta-gabbre where it apparently was formed

by the breakdown of o
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Quartz (3102).-. Quartz is by far the mc;st sbundant mineral introduced by
the ore-forming processes. It comprises over 95 percent of the vein material.
None of the quartz appears as introduceé material in the wall rocks, although
qu;.rtz is present in the wall rocks as an original constituent of the slates and
quartzites. The vein boundaries are so sharp and distinct as to indicate that
the wall rocks, regardless of whether they were slate, quartzite, or meta-gabbro,
presented an impermeabletarrier to siliceous fluids.

The vein quartz occuples fractures and is fine-grained, intercrystallized,
and milky. Clear crystals with crystal faces are extremely rare and are found
only in drusy cavities; the latter are very rare. Banding and crustiform structures
in the quartz beins are entirely lacking and the vwhole appearance of all the quartz
veins is quite massive,

Ankerite (CaC0Og*(Mg,Fe,Mn)C03). Ankerite is the second most abundant vein
mineral and is an important constituent of biotized meta-gabbro wall rocks, where

it may comprise as much as one third of the rock. Its characteristic occurrence

in the quartz\‘leins is on the extreme borders of the beins where it separates
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ankerite border the Weins, but the presence of enkerite elong the walls of the
veins is an outstanding characterist;c of tha ores of theAlaska-Juneau lode
system. Some ankerite occupies openings within the Weins. It ranges in color

from white to light gray to cream and it weathers to a deep rusty browm.

The index of refraction of the ordinary ray of the specimens examined is
from 1.T710 to 1.720, well above that for calcite (1.658) and dolomite (1.681),
slightly above pure magnesite (1.700), and well below siderite (1.875).
\ o
% Ankerite was not mentioned in the learly reports on the lode system and it
‘was mistakenly identified as calcite. The carbonates calecite, dolomite, and
siderite are present, but they are most rare.
Ankerite is definitely ome of the last minerals to crystallize for it oc-
cupies fractures that transect all of the other vein minerals except gold.
Calcite (cem3). Calcite is rare as a vein mineral although it does occur
in veins of the Perseverance mine. It is also present in some of the meta-gabbro

rock., It is difficultly distinguished from ankerite by its whiter color, and is

readily distinguished under the microscope by its index of refraction.
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Dolomite (CalMg(CO3)). Dolomite has been identified in the Alaska-Juneau
ores by its curved faces and indax of.' refraction. It has been noted in only a
few places end in these cases it partially fills cavities in small fractures,
along which leaching has occurred., The leaching is similar to that along Silver-
bow and other faults and it is, therefore, concluded that dolomite is a distinectly
later mineral than those introduced during gold mineralization.

giderite (FeCO3). Iron carbonate is very rare in the Alaska-Juneau ores
and is found only in small seams and fractures whose nature suggests that sider-
ite is a late mineral. It is distinguished by the index of refraction which is
above 1.820 for the ordinary ray.

Tourmaline (Complex silicate of boron and aluminum, with also either mag-
nesium, iron or the alkali metals present). Dark colored needles of tourmaline
has been noted in a few of the quartzﬁeins on the mainland and also as a minor
accessory in the albite-mica schist near the Perseverance mine.

Rutile (Ti0,). Delicately striated, aciculer needles of rutile are oc-
casionally observed in clear quartz crystals that are rarely found in drusy
cavities in the veins. Rubtile may be present in the ordinary vein quartz and

may have escaped detection because of the milky quality of the quartz.
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Muscovite ((n,x)m:«oh)g Muscovite occurs both as a rock mineral and as a
vein mineral in the ores. All of the country rock, whether it be meta-gabbro,
slate, or quartzite, contains varying amounts of sericite and muscovite, most of
it probably having been derived from consitituents originally present in the rock.
Muscovite is quite conspicuous filling extremely thin fractures in the veins. It
more or less coats the walls of the fractures with a thin film of silvery musco-
vite. The quantity of muscovite is very small, but its comspicuourness is dise
proportionate to the amount present for it coats so many fracture surfaces,
particularly in the veins. It is concluded that vein muscovite is a late hydro-
thermal mineral Judging from the fact that it coats fracture surfaces in vein
quartz.

Biotite (HoK(Mg,Fe)3Al(810))3). Biotite is the most conspicuous and char-
acteristic mineral of the metasomatic changes connected with the wall-rock al-
teration of the meta-gabbro, It is never present as & veln mineral. It is a
dark brown color and is pleochroic, Biotite in brown mefa-ga‘bbro imparts the
brown color to the altered rock and characteristically is randomly oriented, in
marked contract to the minerals of green meta-gabbro which show a distinct

linear and plan structure.

COPRPY
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mu (Hydrous silicates of alumimm with ferrous iron and Mﬂ.tm).
Chlorite is not a vein m:i.nera.l; 1% 18 found in the slate and meta-gabbro country
rocks where it is derived from the alteration of ferromagnesien minerals. It is
found in both meta-gabbro and slate but seldom in large amounts.

Hornblende (Hydrous silicate of aluminum, sodium, caleium, and iron and/or
magnesium). Hornblende is not known to occur in the Alaska-Juneau lodes system
as a vein mineral. It is, however, the most conspicuous and abundant mineral of
the green meta-gebbro and also is in the brown meta-gabbro. It occurs as long
prismatic crystels arranged in planar orientation parallel to the schistosity of
the slates. A preferred linear orientation was not observed. In the meta-gabbro,
it has been postulated that hornblende is an alteration product of pyroxene.
Adjacent to the veins, where wall-rock alteration is intense, hornblende has
altered to biotite and other minerals.

Hornblende in meta-gabbro is a pale green to dark green color. The optic
angle is large (nearly 90 degrees), the angle Z to ¢ is about 23 degress, the
optic sign is negative. Alphas :I;s about 1.045, beta about 1.660 and gamma about
1.670. It is pleochroic in shades of yellowish green to dark bluish green. The

above optical data indicate that this amphibole, rather loosely called hormblende,

CORPY
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is a member of the pargasite-hornblende series,

Epidote (HCag’ﬂﬂ,Fe)gsiQisj ‘and ;oisite (1CapA1 351301 3)« OF these two ninere-
als zoisite is by far the most common; epildote being found énly in slates entaine
ing some admixed tuffaceous material. Zolsite is common in the meta-gabbro where
it‘ occurs as & metamorphic mineral formed during the metamorphism of gabbro to
meta-gabbro. Zoisite cannot be distinguished in the hand specimen, 'but when
seen with the microscope it occurs as fine-grained disseminated crystals within
the meta-gabbro.

Plagioclase (70 percent of NaAlSiz0p and 20 percent of CaAlpSiz08).

Felspar is a prominent constituent i.n some of the meta-gabbro bodies. It is not
a counstituent of the beins in the lode system. Feldspar in the meta-gabﬁro is
generally considerably altered, granulated and sericitized.

The most common feldspar has been identified as oligoclase-andesine on the
basis that its index of refraction for alpha is 1.545 and for gamme is 1.555.

Graphite (C). The Perseverance slate conté.ins an abundance of carbonaceous
matter, most of which has been converted to graphite by regional dynamlc meta-

morphism and by the heated gold-bearing solutions. It is not found in the
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veins themselves except in those rare places where the introduction of vein
materiel has mechanicelly mpuees of black slate containing grepiite from
the wall rocks and included them within the veins. Graphite iz particularly
abundant along some of the larger faults such as Silverbow fault, where in some
perts the gouge may cunﬁain as much as 25 to 30 percent of graphite. The pres-
ence of so much graphite in some of the larger faults is unexplained,

The presence of graphite in the orez has been the cause of considerable
trouble in the Alaska-Juneau mill, for it is a slippery mineral that forms a
greasy slime that interferes with tabling and amalgemation.

Garnet (FesAlpSi3070). Garnet is not a common mineral in the Alaska-
Juneau lode system. Its most common mode of occurrence is as subhedral small
erystals immediately adjacent to the quartz veins, suggesting that the veins
mey have provided the requisite heat and perhaps some of the chemical constit-
uents necessary for the formation of garmet. GCarnet is abundant in the Clark
Peak schist where it wes produced as a consequence of the etamorphism attendant
with the Coast Renge intrusion. However, metamorphism in the Perseverance slate
wes not of sufficlent intensity to produce garnet except adjacent to the Mz

veins,

The garnet is wry@bm@aﬂ@me large part to the
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abundant graphite inclusions in the garmet. Quartz inclusions also are abune
dant. They apparently f@d after the regional schistosity was produced in
the slates, for the ;l.ncaamions are oriented parallel with the cleavage of the
rocks. This observation confirms that the presence of the garnmets is due to
the quartz veins for the quartz weins likewise postedate regional schistosity.

Apatite ((CaF)cay(PO)) 3). Apatite is a prominent mﬁor constituent of
brown meta-gabbro, mch of it having been formed during the processes of walle
rock alteration when relatively large amounts of phosphorous pentoxide were
introduced by the vein-forming solutions. A little aspatite was present in the
original gabbroic rocks. Apatite occurs as extremely small euhedral crystals.
It is not a vein mineral.

Sphene (CaliSi0g). Sphene is a prominent minor constituent of meta~
gebbro. During the metasomatic changes accompanying wall-rock alteration some
titanium oxide was introduced and as a consequence brown meta-gebbro contains
slightly more titanite than does green meta-gabbro. It occurs as small
euhedral crystals sparsely distributed in meta-gabbro. Some sphene appears

to have altered to leucoxene, Sphene is not a vein mineral.

COPY
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MINERAL ZONING

A zonal change of the sulfide minerals is quite distinct from northwest
to southeast along the Alaska-Juneau lode system. Near the northwest and in
the Ebner mine, sulfide minerals are not comuon by comparison with velns to
the southeast, and pyrrhotite is by far the most consplcuous sulfide mineral.
Toward the southeast end of the lode system galena and sphalerite gradually
gppear and become increasingly abundantalthough they never attain the abundance
of pyrrhotite. Arsenopyrite appears as a conspicuous mineral only in the Pere
severance mine at the southeast end of the lode system. The abundance of
pyrrhotite is unchanged throughout the lode system.

The gold-silver ratio in the Ebner mine near the northwest end of the
lode system is 7T to 1 by weight, and the gold-silver rabtlo in the Perseverance
mine near the southeast end of the lode system is 1 to l.

In the North Ore Body of the Alaska-Juneau mine pyrrhotite is the dom-
inant sulfide mineral with lesser amounts of sphalerite and galena. No data
are available on the gold-silver ratio.

In the South Ore Body pyrrhotite is the dominant sulfide mineral although

galena and sphalerite are somewhat more abundant than in the North Ore Body.

B @A
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Avsenopyrite is present in increasing MW toward the adjoining Perseverance
ground., The gold;aﬂver ratio 18 1<1/2 to L by welgit.

In the Perseverance mine arsenopyrite is somewhat more abundant than either
galena or sphalerite, but pyrrhotite is most sbundant. As stated above the
gold-silver ratio is 1 to 1 by welght.

There is no detectable change in vein mineralogy or gold-silver ratic at
depth at any place in the Alaska-Juneau lode system. This is so in spite of the
fact that within the North Ore Body mining has exposed the lode system throughout
a vertical distance of over 2,000 feet.

WALL~-ROCK ALTERATION
General features.

The meta-gabbro sills of the Alaska-Juneau lode system have been profoundly
altered by regional dynamic metamorphism and the vein-forming solutions. Regional
dynamic metemorphism bas converted "normal” gabbro into a green amphibole-rich
rock referred to as green meta-gabbro. The vein-forming solutions have changed
green meta-gabbro into a biotite-rich rock referved to as brown meta~gabbro.

These changes are considered below from the standpoint of chemical changes and

mineralogical chenges. Table U illustrates the type and exbent of the chemical
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table of chemical analyses showiny oh.ngcs in co position in

alteration from nornal gabbro to green metze=¢ ubbro to brown meta=-gabbro
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Sample No. 61. Data from Werﬂacka'.(l918). ﬁé‘bhm from center of tumnel No. 1,
Alaska~-Juneau reilroad. GCeorge Swarva, Analyst. The rock is a coarse-
grained, grayish-green hornblende gabbro. The hornblende was formed from
augite which forms the centers of some of the hornmblende crystals.
labradorite is the other prominent constituent and it is partially ale
tered to quartz, albite, and zoisite. Minor amounts of titanite and

magnetite are present.

Sample No. 208. Data from Spencer (1906). Green meta-gabbro from eastermmost
411 on the north side of Gold Creek. George Steiger, analyst. Creen
hornblende in felted aggregates composes about T5 percent of the rock.

The reet of the rock is finely grenulated feldspar with some quartz.

Sample No. 6k. Data from Wernecke (1918). Green meta-gabbro from near the
blacksmith shop in Gold Creek tumnel. Ceorge Swarva, analyst. This
specimen frem the same body as sample No. 61 and represents a beginning
stage in the metamorphism of a gabbro. It is an amphibolite composed
of acicular uralitic hornblende and finely granular quartz and zoisite

apparently derived @eld@ upmymtih and magnetite

are present.
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Table 4 (Cont.)

Semple No. 11A. Data from Wernecke (1918). Green meta-gabbro from near face
of 415 south ecrosscut, Alaska-Juneau mine., Ceorge Swarva, analyst.

The rock is a dense fine-grained dark green amphibolite. It is a com-
pletely recrystallized gabbro.

Sample No. 1. Data from Knopf (1912, pp. 37-39). Green meta-gabbro from
northwest side of mndenhall Glacier, Eagle River region. J. G. Fairchild,
analyst. The rock is dark olive-green and fine-grained with black
euhedral crystals of actinolitic hornmblende as phenocrysts. Amphibole
is the dominent constituent; zoisite and epidotdare abundant, granular
albite is interstitial and biotite is present in small amounts. Titaniferous
magnetite and apatite are accessories.

Sample No. 60. Data from Spencer (1906, p. 63). Brown metawgabbro from the
Ebner ore body. George Steiger, analyst. Rock is estimated to consist of
45 percent of quartz, 22 percent of mica, 20 percent of carbonates, 10.5
percent of titaniferous magnetite, and 2.5 percent of sulfide minerals.

Semple No., 29, Data from Wernecke (1918). Brown meta-gabbro from tongue of
meta~-gabbro below 410 stope, Alaska-Juneau mine. George Swarva, analyst.

It is a dense, T
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Teble 4 (Comt.)
Sample No. 2,  Data from mﬁ (1912, pp. 37-39). Brown meta~gavbro from
northwest side of Mendenhall Glacier, Eagle River region. J. G. Fair-
child, analyst. It is a fine-grained, black rock composed largely of
biotite of an inbenaely pleochroic variety in fine flakes and tufted or
fan-shaped forms. Albite and zoisite are the other prominent minerals,

and chlorite, calcite, apatite, and pyrrhotite are minor constituents.
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Chemical changes

It is unfortunate that only a partial analysis is available of the so-
called "no " gabbro from the Alaska-Juneau lode system. However, it is ap-
parent from the chemical analyses that the change from a gabbro to green meta-
gabbro involves essentially no change in chemical composition. Northing has
been added or removed, (Compare normal gebbro with average analysis for green
meta-gabbro). The change is purely a change in the minerslogy and physical charace
ter of the rock and was accomplished by heat, pressure, and the water vapors en-
closed in the original rock,

At only one place in the lode system is there a gabbro that is only par=-
tially metamorphosed to green meta-gabbro., All of the other gabbro bodies are
8o completely me‘tamorphoseﬁ that allira.ces of the original gabbro are destroyed.
Sample number 61 in table 4 is a specimen from a gabbro intrusive, only part of
which was converted to green meta-gabbro.

That the green meta-gabbro was actually derived from a gabbro.type of
rock is indicated by a comparison of the chemical analyses of the green meta-

gebbro in the lode system with the mean of L1 enalyses of gabbros, as shown

CORY
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1, Mean of Al analyses of gabbre (inoluding olivine
gabbro). From Daly, R. Ae., Igneous roocks and their origin,
E 275.19!1(':13 6 4 analysen of green metasgabbro from the
Alaska-Juneau lode aystem. Data from table 4,

The siallarity of the two sets of analyses 1is
remarkable and thers dan be no doubt that the parent rook
of the gpreen mata=gabbro is a gabbro,

Unlike the change from normal gabbro to green mota-
8abbro, which was largely a physical change, the change
from green meta=gabbro to brown meta=gabbro is lariely a
chemiocal chanzes Changes in mineralogy, of course,
occurred in both conversions, Refercnce to table 4
reveals that the change from green meta=zadbvro Lo
brown meta-gahbro, if the amount of A1203 ie assumed to
have romninod unchanged, involved the adiltion of
relatively large anounte of soda, potaah, t.lt.:ma.um.'
earbon iioxide, and phosphorous, and the removal of

considerable atounts of iron, magnesia, line, sand com=-

bined woter, The figures aleo suggest that silica was
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removed, although the difference between the sets of analyses is too small to
be convineing.
Mineralogical changes

The originsl gebbro consisted of hornblende, augite, and labradorite
in various degrees of alteration, with minor amounts of titenite and magnetite.
The hornblende wes derived from augite end in the green meta-gabbro augite
still comprises parts of the centers & some of the hornblende crystals.

Metamorphism to produce the green meta-gabbro is a consequence of regional
dynamic metemorphism. It involved the alteration of augite to hornblende and
the breakdown of the feldspar to othoeclase, zolsite, and albite. The resulting
rock is somewhat variable in mineralogy, but the writer estimates, on the
basis of numerous thin-section observations, that an approximete mineralogical
analysis of green meta-gabbro is as shown in the following listing. Similarly

an approximate mineralogical analysis is given for brown meta-gabbro.

CORY
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Hornblende 49,5 ——

Albite 16.0 30,0
Orthoclase 5.0 -

Zoisite 25,0 15,0
Quarts e 5.0
Blotite e 26.0
Ankerite wme 18,0
Apatite 0.5 1.0
Titanite 360 4,0

Magnetite 1361% m:%

The change from green meta=-gabbro to brown meta-
gabbro is loocally known as biotisation, because the new
biotite iz such a oonspieuwous oonatituent, As noted
earlier, the procees of blotisation in the ~laska=JuNgau
lode system was oa;ud by the addition of soda, jotash,
titanium, carbon dioxide, and phosphorous pentoxide,
and the removal of part of the iron, magnesia, lize and
conbined water. Beosuse 0f these chemiocal changee the
ainerals previously present were not stable, and in the
presence of heat and water, nev alnerals were formed,
Homblende was not stable in the new enviroament and
it i3 lacking in all bdiotised meta=-gabbro. The intro-
duotion of soda resulted in tho.ronnuon of albite,

Potash was made awailable from the veineforaming solutions

and the breakdown of erthoclase provided an aaditional

162

amount t0 be used by biotite., HJeme 0f the magnesia, iron,

and lise combined with introduced earbon dioxide to
form ankerite, The additional amcunts of titania and
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phosphorous pentoxide resulted in an increased quantity of titanite and apatite,
respectively, in orown meta-gabbro.

Examples of biotization as wall-r Lk alteration are rare, but its occur-
rence in a few localities has been noted in the literature - at Rossland,
British Columbia; Sulliven, British Columbia; Copper Mountain, British Columbia;
and in the Kolar gold district of India.

At Rossland, Drysdale (1915) reports that the country rock is an augite
porphyrite composed of phenocrysts of augite, hormblende, and plagioclase in
a groundmaess of plagioclase and hornblende. Adjacent to the veins the feldspars
of the augite porphyrite are clouded and silicified, and in places the augite
is altered to uralite and biotite. The altered augite porphyrite is richer in
magnesium, potassium, end iron, and lower in silica, caleium, and sodium that
the fresh augite porphyrite.

In the Kolar gold field of India the country rock is hornblende schist.

In the vicinity of the quartz lodes a "characteristic brown mica is abundantly
developed, and so much so is this the case that its plentiful occurrence may
be regarded as an indication of the near presence of a lode" (Hatch, 1901,

P+ T)e It is of interest to note the similarity of wall-rock alteration at
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Kolar and at the Alaske-Juneeu lode system where the occurrence of biotite
Mﬁ—@bbmmoiam indication of the near presence of quartz ‘f?,i_ﬂf_

At Copper Mountain (Dolmage, 193%, pp. 27 and 55) the feldspar-augite
country rock, where invaded by the Copper Mounbtain stock, is intensely biotized
and in places almost completely converted to biotite.

At the Sullivan mine, British Columbia (Swanson, 1945, pp. 645-667), the
dominent type of alteration is tourmalinization, albitization, and chloritizae
tion, but at places the well rocks are rich in biotite. The biotite oeccurs
as spots in the sediments.

On the basis of his studies in the Marysville mining @lstrict Bsrrell
concludes that the transformation of hornblende into biotite is a "mark of
hydrothermal metasomatism, through perhaps a temperature but a little lower
than under the more intense conditions closer to the contact" (Barrel, 1907,
pe 140).

Ankeritization and albitization, in addition to bioctization, are conspicuous
alteration processes in the wall rocks of the Alaska-Juneau lode system. It
is of interest to note that ankeritization ls a dominant process of wall-rock

alteration in the Mother Lode system of C lifornia, which is remerkably similar

in many other respects the ¢
@ =
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Knopf (1929) reports that the chief characteristics of the wall-rock altera-
tion in the Mother Lode is the additién of earbon dioxide, potassium, and
sulfur, and the removal of silica.
MINING AND MILLING

It is not the purpose of this report to exhaustively describe the mining
and milling methods that were employed by the mines in the Alaska-Juneau lode
system. However, because there were several outstanding mining and milling teck
niques developed by the mines in their efforts to treat these ores, it is
deemed worthwhile to mentionsome of the methods used.

Although individual veins of the Alaska-Juneau lode system ave high grede
none of them is sufficiently large and conbinuous to be selectively mined.
Early attempts were made to mine individual wveins but failures soon made it
apparent that the only profitable method was to mine on & 1§rge scale, taking
both vein material and intervening barren material.

large-seale mining and milling techniques were developed and were very
successful at the Alaska-Juneau mine, a.lbhough similar technigues applied %o
the Alaska-Gestinesu wine ended in failure., Ilarge stopes, some of vhich are

caved to the surface to make glory holes, are cut and caved in those zones of

ro¢k that were mﬂw@um@ Wms. The caved and
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loaded into cars and trammed to the mill.

After primary crushing the rock was moved on an endless belt where it was
hand-picked - the barren slate and meta-gabbro being rejected and all mg.terial
containing quartz was retained and further milled. As the result of hand-
picking the average tenor of ore milled wes increased to 0.086 ounces of gold
per ton, whereas the average temor of all rock mined, (including vein and inter-
vening material), is 0.045 ounces of gold per ton. Approximately 45 percent
of the material mined is rejected by hand-sorting. This method 1s successful
only because unskilled (end consequently inexpensive) labor can readily distine
guish between the gold-bearing vein material which is white and the barren .
material vhich is dark colored. Without hand-sorting the additional cost of
milling nearly twice as much material would never have permitted a profit.

The Alaska-Junesu mine wes one of the larger gold mines of the world, and
for many years mined over 12,000 tons of rock per day. It is the only mine in
the world to have successfully opersted on ore of such low grade. In recent

years the average recovery has been $1.15 per ton, mined at a total cost of

COPRY
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