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THIN SECTIONS OF ALASKITE-APLITE AND CALCITE-ALASKITE FROM KASAAN PENINSULA. 
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CONTACT ROCK. 

GENERAL FEATURES. 

The name "contact rock" is applied to the metamorphic rock that occurs in· zones around 
the granitic intrusive masses and that ha:s at many localities replaced the granitic rock.. In 
composition it consists mainly of garnet, diopside, and feldspar, but it contain~ also hornblend~ 
and tremolite and some calcite. It includes masses and disseminated particles of sulphide 
minerals and masses of magnetite containing sulphide ores. A sample of this. rock (specimen 
M1) taken for chemical analysis is described below. 

PETROGRAPHIC DETAIL. 

Specimen M1. Rock from contact zone between the lin1estone and the intrusive rock at 
the Mamie mine, li miles south of Hadley. 

The chemical analysis, mad~ by George Steiger, shows that this rock has the composition 
of a monzonite rich in lime. The intrusive rock at the Mamie mine goes under the field name 
of syenite, but an examination of SL'X: thin sections from several drill cores of the partly altered 
intrusive rock shows that con&iderably less than half the feldspar is orthoclase and that the 
plagioclase is basic oligoclase and acidic andesine. The rock contains also a small amount of 
quartz. The ferromagnesian minerals are much subordinate to the feldspar. The· mineral 
composition therefore shows that the rock is a ·monzonite, and that it is part of the intrusive 
mass. Its slightly higher content of lime than most monzonites is probably due to lime brought 
in from the adja.cent limestone. . 

The rock consists of about 50 to 60 per cent of plagioclase (albite and oligoclase), 10 per 
cent of orthoclase, 20 per cent of epidote, and 10 to _15 per cent of calcite. It contains also a 
lath-shaped mineral, confined chiefly to secondary veinlets, which is somewhat unlike ordinary 
rock-making minerals. Its index of refraction ranges from 1.58 to 1.625, its optic· axial angle is 
large, optical character positive, birefringence rather strong, extinction parallel or nearly so, 
and elongation positive. These characters agree very welJ with pectolite or prehnite. 

In the hand specimen the rock is greenish gray in color and aphanitic. 

Analy~es ojmonzonitesfrom Kasaan Peninsula, Alaska (A), andfrom Babcock Peak, Colo. (B). 

[Analysis A by George Steiger; B by JJ. N. Stoke11.] 
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The more basic intrusive rocks, as well as the most recent, are essentially diabase and basalt. 
'l~ese rocks form dikes that range in width from 1 foot to many feet, in texture from micro­
granular to coarse granular, and in color from dark green to black. The dikes cut the country 
rock at n1any places and penetrate the joints in the granitic intrt1sives. They also cut the ore 
deposits in most of the mine workings. The diabase dikes are generally larger, more coarsely 
crystalline, and older than the basalt dikes, which are cut by the dia:base dikes. 
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PETROGRAPIDC DETAIL. 

Specimen 265. Hornblende dolerite. This rock, from the north shore of Karta Bay, 
·contains about 45 per. cent of labradorite in phenocrysts surrounded by ·a groundmass including 
·both granular and poikilitic hornblende. The hornblende is of t~e typical basaltic variety, 
having a maximum extinction of 10° and pleochroic as follows: Z and Y dark red-brown, X 
v.ery light yellow-brown, absorption Z > Y >X. This hornblende is rare in the basic igneous 
rocks of southeastern Alaska, its place usually being taken by varieties of common hornblende. 
The rock contains about 10 per cent of magnetite, which crystallized early, in branching and 
simple octahedral forms. The rock contains a small amount of biotite, which is pleochroic, 
ranging from almost black to very light yellowish brown. 

Specimen·65. Dolerite (diabafie), from a dike about 4 miles south of Hadley. A medium 
to fin~ grained rock containing zoned plagioclase of composition ranging from Ab2An3 to 
Ab1An3 • Titaniferous augite· occurs both in grains and in irregular masses having an ophitic 
intergrowth of feldspar. Magnetite inclosing feldspar forms la,rge poikilitic n1asses. 

Specimen 11. Hornblende basalt, from a dike 3! miles northwest of Hadley. This rock 
is hypocrystalline porphyritic, having phenocrysts of hornbl~nde, completely altered to serpen­
tine· and chlorite, scattered through 'a groundmass of plagioclase, augite, basaltic hornblende, 
iron ore, and glass. The augite is in part at least earlier than the feldspar, the basaltic horn­
blende is in part earlier and in part later than the feldspar. Interstices among the minerals ' 
once probably filled with glass are now masses of calcite and chlorite. Many small amygdules 
have been lined with chlorite and subsequently filled with calcite. . 
. Specimen 386a. :Melaphyre (basalt). A fine-grained hypocrystalline rock containing 
scattered phenocrysts of serpentinized augite and feldspar (Ab2An3). The partly glassy ground­
mass or base is filled with dark-brown needle-shaped crystallites, which extinguish obliquely. 
Amygdular cavities are filled with calcite. 

AGE. 

The geologic period in which these basic diabase and basaltic dike rocks were intruded into 
the metamorphic rocks of Kasaan Peninsula can be determined only by their relations to the 
other intrusive rocks. These dike rocks intersect the granitic intrusives, the porphyries, and 
the ore deposits, and also occur along joint planes both in the intrusive and intruded rocks. 
They are therefore the most recent rocks formed on Kasaan Peninsula and, judging from the 
occurrence of these rocks at other localities in the ICetchikan district, they are probably of 
Tertiary age. The basalt dikes. crosscut the dikes of diabase and dolerite and are therefore 
the younger. 

GEOLOGIC HISTORY. 

The geologic record. of events on Kasaan Peninsula begins with the deposition of a series 
of fragmental rocks, now represented by banded quartzites, graywackes, and conglomerates, 
and some tuffaceous beds. This series includes narrow beds of limestone which, though no 
fossils were found in them, a·re believed to be Devonian. The entirf? series is much folded and 
its beds stand nearly vertical, so that its thickness is difficult to determine, but it is believed 
to be several thousand feet thick. 

There is no other geologic record until the early part of the Mesozoic era, but in the mean­
time these sediments were subjected to intense metamorphism and p'artial recrystallization 
:due to pressure of overlying strata and to structural changes, which caused the beds to become 
intricately folded, the direction of the axes of folding being generally northwest. 

During early Mesozoic tin1e the rocks of the region were invaded by granitic intrusives. 
This granitic intrusion was a most important geologic event, as it caused the deposition of the 
ore bodies. It extended over a long period and produced much fracturing, folding, and meta­
morphism of the invaded· rocks. This intrusion was probably deep seated and the intruded 
rock solidified far below the surface of that time, as there is no evidence that it extended to the 
surface. After the granite solidified the pegmatite-aplite dikes were injected from the still 
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fluid portions of the granitic n1agma. Cracks and fissures were then formed near the contact 
of the intrusive rocks. These openings, which may have been caused by contractions due to 
further cooling of the intrusive mass, served as channels for carrying the mineralizing solutions 
fron1 which the ores were deposited. . 

'rhe porphyritic dike rocks were also intruded into the sedimentary strata about this time 
and produced n1uch metatnorphism in the adjacent sediments, and locally along the contact 
rock sulphides were formed, though so far as lmown less abundantly than along the granitic 
masses. 

A period of active erosion followed the uplift of the Kasaan Peninsula caused by the 
invading granitic n1asses, and during this epoch the main valleys, Clarence Straits and Kasaan 
Bay, which tnay have been begun at an earlier period, were greatly deepened. 'fhis period of 
erosion continued until the underlying granitic intrusives were exposed and the m~n features 
of the present topographic relief were formed. Later the land subsided, these main valleys 
"l?eca:me salt water channels, and then followed the ice period, which submerged these moun­
ta.ins under a sea of ice. The ice streams advanced from the northwest, carried erosion still 
farther, and brought with them bowlders and debris foreign to the region, depositing this 
material on the hilltops and forming bench deposits on the valley slopes. After the retreat of 
this ice sheet erosion continued to deepen the gulches and remove the deposits left by the 
glaciers. 

The effects of this erosion on the ore deposits, located as they are on the mountain tops 
and hillsides in rocks little affected by chemical action,. such .as oxidation, has been extensive 
and therefore the ore deposits are primary, whereas those in most mineral-bearing regions are 
secondary. 

COPPER ORES. 

GENERAL l''EATURES. 

The copper deposits on Kasaan Peninsula consist of primary ores which show but slight 
traces of weathering or of concentration by circulating waters. They are similar in occurrence 
to the ores on Copper :Mountain, which have ah·eady be'en described (p. 44). 

Four types or ore deposits, defined principally by their mineral composition but also by 
their mode of occurrence, have been recognized: 

1. Contact deposits forming irregular masses along intrusive contacts and consisting of 
chalcopyrite-magnetite ores. and chalcopyrite-pyrrhotite ores associated,with amphibole, garnet, 
feldspar, epidote, and calcite. · 

2. Dissenunated deposits forming irregular, ill-defined masses in gabbro intrusives, and 
consisting of bornite-chalcopyrite o_res intimately associated with the primary minerals of the 
intrusive rock and secondary epidote and calcite. ·. 

3. Shear-zone deposits occupying fissures along shearing_ planes in the graywackes, con­
sisting of chalcopyrite-pyrite-sphalerite ores associated with a quartz-calcite-barite gangue. 

4. Vein deposits occupying fissures in limestones and granitic intrusives and consisting of 
galena-sphalerite-chalcopyrite ores in a quartz·-calcite-barite gangue· and auriferous pyrite in 
quartz veins. · 

'rhe deposits of the fiTSt and third types are the principal copper producers (1908). Deposits 
of the second type are being developed at sey-eral places, and from one mine-the Goodro­
shipments of ore taken from clep·osits of this type have been made. Deposits of the third type 
have been developed at the Rush & Brown mine and at certain prospects. The vein deposits 
of the fom·th type have been prospected at several points but have not yet been mined. 

CONTACT DEPOSITS. 

OCCURRENCE. 

The term "contact deposit" is here ;restricted to mineral veins or ore masses that have been 
formed by contact-metamorphic action and that carry the minerals characteristic of such action. 
A contact deposit must therefore lie near an intrusive rock, though not necessarily at its contact. 
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At the time of their intrusion the igneous rock masses or dikes forced their way through 
the sedimentary rocks, to some extent folding and fracturing them. While they were cooling 
both the intruded and intrusive rocks naturally shrunk somewhat, and the shrinkage caused 
cracks and fissures to form near the contacts. These fissures became channels for mineral­
~earing solutions, derived, presumably, from great depths, where the temperature was high. 
On ascendip.g along the contacts, where the temperature was lower, these solutions deposited 
their mineral content and to some extent replaced the rocks along their course. The contact 
deposits therefore lie within the contact zone, between the intrusive and intruded rocks, and 
are believed to have been deriv~d from the same magma that formed the adjacent igneous 
rocks. Their genesis, however, will be discussed elsewhere (p. 102). 

'CHARACTER. 

The minerals commonly associated with the contact deposits are chalcopyrite, pyrrhotite, 
pyrite, and magnetite. The gangue minerals are principally garnet and pyroxene, with which 
are associated variable quantities of epidote, calcite, quartz, amphibole, wollastonite, and 
feldspar, besides several rarer minerals. These minerals are typical of contact-metamorphic 
deposits. ·Mineralogically, these ores differ from the ores of other deposits, especially in the 
contemporaneous formation of metallic oxides and sulphides, principally of iron, in association 
with the various lime-silicate minerals named above. 

The ore deposits themselves within the contact zone consist of irregular masses ranging . 
in diameter from a few feet to 100 feet or more. Few of them have well-defined limits, most of 
them merging gradually into barren ~ontact rock. At a few places the ore-bearing contact 
rock is surrounded by the granitic intrusives; at other places it is surrounded by sedimentary 
rocks, no surface exposures of the intrusive rock appearing near it. Veins of contact rock 
carrying ore also cut the intrusive as well as the intruded rocks, though these veins are of little 
commercial importance. 

The copper ore is entirely chalcopyrite and occurs in small masses and grains scattered 
through the contact rock, and also in the masses of magnetite. Only the parts of the contact 
rock or magnetite bodies that are sufficiently rich in copper to be profitably mined are regarded 
as ore. 

· EFFECT OF INCLOSING ROCK ON ORE FORMATION. 

The size of the contact deposits and the width of contact rock at any particular place 
depend· to some extent .on the size of the intrusive mass at that place~ The largest contact 
deposits on Kasaan Peninsula are those that have been exploited at the l\1amie and Mount 
Andrew mines, which are near the large intrusive mass that constitutes ·the southeastern half 
of the peninsula. Smaller deposits, some of them, however, richer in copper, lie near smaller 
intrusive masses. 'fhese smaller deposits are exploited by the It and the Rush & Brown 
mines. Still smaller deposits lie near dikes of syenite porphyry and many of them have been 
prospected, though none have yet afforded ore bodies large enough to be mined profitably. 

The general occurrence of the contact deposits at places where limestone is the intruded 
rock suggests that the lime carbonate helped to effect the precipitation or development of the 
ores at such points. 

DISSEMINATED DEPOSITS. 

Irregular disseminated bodies of copper ore occur in an intrusive belt of gabbro that extends 
along the northeast side of the salt chuck at the head of Kasaan Bay, extending northwest­
ward and averaging about a mile in width. Copper ore has been found at only a few places in 
this intrusive belt and has been mined only at the Goodro.m.j.ne. 
· Where the ore deposits occur the gabbro is partly recrystallized and contains large crystals 
of biotite and crystals of feldspar having a poikilitic mottling due to partial replacement by· 
biotite. The rock also contains epidote and groups of large crystals of orthoclase, with biotite 
and epidote and some garnet. The bornite and chalcopyrite ores occur with the secondary 
minerals last named. It appears that these ore minerals were introduced into the gabbro by 



COPPER ORES OF KASAAN PENINSULA. 87 

the same mineralizing agencies that caused the n1etasomatic development of the secondary 
minerals. ~rhese agencies may have been directly related to those that produced the contact 
deposits; and if so, these deposits are only a phase of the contact deposits. 

SHEAR-ZONE DEPOSITS. 

Ore bodies representing shear-zone deposits occur near the head of Karta Bay, at the 
Rush <.~ Brown :mine and at .the Venus prospect. These deposits consist of lenticular veins, 
from a few inches to a foot or more wide, of massive sulphide minerals, the veins being dis­
tributed along shear zones, from 2 to 10 feet wide, in the graywacke country rock. 

The deposits cont~in chalcopyrite, pyrite, and some sphalerite in a gangue of much-altered 
graywacke and some quartz and calcite. 

VEIN DEPOSITS. 

Vein deposits that occupy fissures in limestone, from 1 foot to 5 feet wide, have been prospected 
on Kasaan ~1ountain. They contain galena, tetrahedrite, some sphalerite, and chalcopyrite, 
their principal valuable metallic content being lead and silver and some gold. The gangue 
minerals are quartz, calcite, and barite, but chiefly quartz. 

Quartz veins carrying pyrite and some gold and chalcopyrite have been prospected on 
Grindall Point, at the south end of Kasaan Peninsula. The veins occur in the granite intrusives 
and measure 6 feet or more in width. These deposits have been exploited by prospect shafts 
and tunnels, but the ore is of low grade and no great amount of it has been fQund. 

PERSISTENCE OF ORE BODIES. 

These various types of ore bodies show different degrees of persistence. · The contact 
deposits are generally small, irregular masses and are no more persistent in depth than they are 
laterally, but where these masses have· been found in a wide contact zone further exploration 
will probably i·eveal similar ore masses, both laterally and in depth. The copper-iron sulphide 
deposits in shear zones in the stratified rocks are more persistent than the contact ore bodies 
and probably go deeper. The vein deposits in the limestones will also be extensive in depth, 
but will vary greatly in width, in places narrowing to a mere seam. 'To judge from like deposits 
elsewhere, possibly the lead-silver ores will be replaced by copper ores in depth . 

. MINERALS OF THE DEPOSITS. 

The minerals in the. ore deposits on Kasaan Peninsula are very similar to those that occur 
in the Copper Mountain region already described (p. 47). It is not necessary to repeat these 
descriptions here, but a list of the minerals found in the different types of ore deposits is given 
below. 

Contact deposits. 

Chalcopyrite. Garnet. 
Pyrite. Epidote. 
Pyrrhotite. Hornblende. 
Magnetite. Diopside. 
Specularite. Scapolite. 
llvaite. Wollastonite. 
Molybdenite. Orthoclase. 
Azurite. Chlorite. 
Limonite. Quartz. 
Malachite. Calcite. 

Disseminated deposits. 

Chalcopyrite. 
Bornite. 
Chal~ocite. 
Pyrite. 
Native copper. 
Epidote. 
Amphibole. 
Biotite.· 
Calcite. 
Quartz. 

Shear-zone deposits. 

Chalcopyrite. 
Pyrite. 
Sphalerite. 
Galena. 
Quartz. 
Sericite. 
Calcite. 
Chlorite. 
Amphibole. 

Vein deposits. 

Galena. 
Tetrahedrite. 
Chalcopyrite. 
Sphalerite. 
Pyrite. 
Quartz. 
Calcite. 
Siderite. 
Barite. 
Chlorite. 

In the contact deposits on Kasaan Peninsula the amount of hornblende and feldspar in the 
contact rock is greater than in the similar deposits on Copper ·:Mountain, for the graywacke, 
which at most places forms the hanging wall of these deposits, has entered largely into their 
composition. Tremolite and wollastonite are rare, having been found only where limestone 
beds occur at the c·ontacts. No zeolite was found·. A few specimens of ilvaite with calcite 
matrix were noted in the contact deposits. (See Pl. XIX.) 
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Bornite and chalcocite, which occur in the disseminated deposits, were not found in the 
Copper Mountain area. The mode of occurrence of the min~rals in the vein and shear-zone 
deposits is similar in both districts. 

MINING ON KASAAN PENINSULA. 

IDSTORY. 

Copper was first ·discovered on Kasaan Peninsula by the Ru·ssians about 1865. Between 
1895 and 1900 most of the mineral locations were made and the mine developments were begun. 

13'2 38 

Ea:::::ca=slooc:=o ==2~ooo. feet 

During thefollowingfive years 
there -\.vere more extensive de­
velopments and nine plants 
were installed, aerial tram­
ways were erected, and a 
smelting plant was built at 
IIadley. Copper was fixst 
produced from these mines in 
1905, the year in which the 
Hadley smelter was com­
pleted. Copper production 
continued, gradually increas­
ing in amount, until the au-
tumn of 1907, when most of 
the mines eeased operations. 

In the summer of 1908 
e.s•n the Hadley. smelter was again 

-f-f--~~ in use, and some of the mines 
renewed operations, but for a 
short period only. From 1909 
to 1913 the smelter was idle, 
though certain ·of the mines 
continued operations, ·ship­
ping the ore to the Tyee and 
Tacoma smelters. 

MINES SOUTH OF HADLEY. 

GENERAL FEATURES. 

Three of the principal 
mines on Kasaan Peninsula 
are near the summit of the 
mountainridge about 1-!miles 
south of Hadley, at altitudes 
of 700 to 1,400 feet. These 
are the Mamie, Stevens town, 
and Mount Andrew mines, 
and their relative positions 
and the .ax tent of the mining 

FIGURE 7.-Map showing properties of the Brown Alaska Co., Hadley Consolidated Copper Co., property belonginbcr to the 
and Mount Andrew Mining Co. (1908). 

companies owning them in 
1908 are indicated on the sketch mapforming figure 7. The ore bodjes ·are included in the 
contact rock and are associated with large masses of magnetite. They occur along a mineral 
zone between the diorite intrusive mass and a narrow ·belt of limestone, which is traceable for 
about 2 miles from the east side of Mamie Creek westward to Kasaan Bay. This zone ranges 
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in width fron1 100 to 300 feet, though, because of its. flat dip and its conformity with the con-: 
tour of the mountain slope, it appears locally to be much w}der. The ore bodies are locally 
concentrations of chalcopyrite, generally in masses of magnetite. Though the ore masses dis­
covered are linuted both latei·ally and in depth, continued exploration has generally revealed 
new ore bodies both in depth and laterally. · 

The ores fron1 these n1ines are of low grade, the copper content being almost entirely in 
the forn1 of chalcopyrite. Besides copper they contain from $1 to $2 in gold per ton. In 
con1pos:itio.n they average about 15 to. 20 per cent of silica, 30 to 40 per cent of iron, 4 to 6 per 
per cent of sulphur, and 10 to 15 per cent of aluminum. 

MAMIE MINE. 

Situntion and development.-The Man1ie n1ine, owned by the Brown Alaska Co., is 11 miles 
south of I-Iadley, at an elevation of 700 feet, in the central part of ICasaan Peninsula. (See 
Pl. L"{ and fig. 7.) 'fhe n1ine workings are connected with the smelter at Hadley by an aerial 
tram 5,500 feet in length and with the beach by a horse tram 7,700 feet in length. The horse 
trmn is used for transporting supplies. Mine developn1ents in a large way were not begun until 
1904. During that year the ore bodies. were explored by numerous open cuts, tunnels, and 
diatnond-ch·ill holes. In the following year mining was begun from the open pits and new 
ore bodies were developed by tunnels and shafts. At the close of 1905 considerable ore was 
delivered to the smelter, and· throughout 1906 the production was_ large. In 1907 diamond­
drill investigations were advanced, new ore bodies were located at greater depth, and the ore 

FIGURE 8.-Section of Hadley smelter. 

production continued with little interruption until late in September. In October all oper­
ations were suspended. The total developments up to 1908 consist of 5,000 feet of tunneling, 
clrifting, and crosscutting and about the same amount of clian1ond-drill prospecting. The 
smelter or reduction plant at I-Iaclley consists of a blast furnace of 350 tons daily capacity, a 
satupling mill, coal and coke bins, ore bunkers of 10,000 tons capacity, boiler house, engine 
house, electric-light plant, and other conveniences. The ores from the Manne and Stevens­
town nrines first go through the samplers, next to the ore bunkers by gravity, and thence by 
gravity to the furnace. The slag fron1 tlte furnace is granulated and carried. by water to the 
beach. 'A cable tramway extends fron1 the wharf to. bins above the sampling mill, which have 
been built to receive custom ore. The plant is so arranged that its daily capacity may be 
doubled if necessary. Smelting operations began December 5, 1905, and in 1906 the furnace 
was in blast about 20 days each month .. In Septen1ber, 1907, this plant was closed. (See Pl. 
XXI, B, and fig. 8.) 

Early in the summer of 1908 the Mamie and Stevenstown 1nines were consolidated under 
one tnanagement, which obtained a lease of the s1nelter. The underground workings at· the 
Mamie n1ine were pumped out and repaired and mining developn1ents were begm+.. The smelter 
was· reconstructed to treat a larger quantity of ore and was put into operation eru·ly in September. 
The mines and smelter were operated until the first of November, the smelter treating an aver­
age of 360 tons daily. The lack of siliceous ores, however, necessitated the suspension of opera­
tions at both the nune and smelter. The Mamie mine and Hadley smelter have both been 
iclle since 1908 (1913). 
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A. Specimen from Rush & Brown mine, showing contact of diorite with graywacke and development of pegmatite 
·along contact. 

B. Pegmatite phase of diorite, with inclusions of schist; peg, pegmatite; s, schist. 
C. Specimen from Mount Andrew mine, showing orthoclase veinlet cutting altered diorite and entering contact rock; 

con, Contact; e, epidote; d, altered diorite; g, garnet; o, orthoclase veinlet. 
D. Feldspar dike with epidote cutting contact rock; c, calcite; e, epidote; j, feldspar; g, garnet; h, fibrous hornblende. 
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ROCKS FROM MINES ON KASAAN PENINSULA. 
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ORES AND MINERALS FROM MINES ON KASAAN PENINSULA. 



PLATE XIX .. 

A. Ore ~rom Mount Andrew mine, showing association of magnetite, pyrite, and chalcopyrite in contact. rock; 
ca, calcite amphibole rock; m + ch, magnetite and chalcopyrite; p, pyrite. 

B. Ore from It mine, showing altered diorite, chalcopyrite., and pyrite in orthoclase quartz contact rock· d, 
diorite; ch, chalcopyrite; p, pyrite; oq, orthoclase and quartz. 

C. Ilvaite from Mount Andrew mine. 
D. Hornblende wi~h chalcopyrite ore from Stevenstown mine. 
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Ore bodies.-The ore boclies at the Mamie mine are contact deposits included in a zone ';1:00 
feet wide lying between a cliorite intrusive mass and a limestone. Within this zone the masses 
of valuable copper ore are limited either by such a decrease in the copper content of the inclosing 
rock as to prohibit profitable extraction or by fault planes. Garnet, pyroxene, epidote, horn-· 
blende, and magnetite compose the contact rock. Chalcopyrite occurs in small quantities 
throughout the rock. The ore bodies, or the portions of the contact rock where the copper is 
sufficiently concentrated to make ore, are irregular masses ranging from 50 to 100 feet in length 
·and from 10 to 40 feet in width, the major axis striking northward. Nine such ore masses are 
exposed in the mine workings. Some of them are included entirely in masses of magnetite, 
thus making basic ore; others occur in the garnet-epidote gangue rock, making a siliceous ore. 
Veinlets of calcite and some of quartz intersect the ore masses, inclicating a later period of 
mineral deposition, though the main ore boclies are believed to have been deposited contempo­
raneously with the inclosing contact rock. (See Pl. XVIII, B and D.) 

STEVENSTOWN MINE. 

Situation and development.-The Stevenstown mine (Pl. XXI, 0), owned by the Hadley 
Consolicla,ted Copper Co., is just above and southwest of the Mamie mine, at an elevation of 
1,000 feet. (See fig. 7.) . From the mine a surface tram 700 feet long connects with the aerial 
tram at the Mamie mine, over which .the ore is transported to the smelter at Hadley. A trail 
also leads from the mine down the south side of the peninsula to BoggE? Landing, on Kasaan . 
Bay, a distance of 1 mile. In 1908 the mine was developed by three "glory holes" or open 
pits, connected by raises with a 550-foot tunnel that penetrates the crest of the mountain. 
Actual inining was begun in June, 1905, before which time prospecting had been carried on, 
and in September, 1905, ore shipments to the Hadley sn;telter began. A large amount of ore 
was produced during 1906 and until the first of July, 1907, when mining· was suspended. In 
1908 operations were renewed and adclitional output was made and sent to the smelter at 

·Hadley. In the autumn of tliat year, however, the mine was closed. · 
Ore bodies.-The ore bodies on the Stevenstown property correspond both mineralogically 

·and genetically with those at the Mamie mine. They occupy a relatively flat position on the 
crest of the mountain ridge and are apparently underlain by the monzonite intrusive which 
forms the footwall of the mineral belt and which is exposed throughout the tunnel that penetrates 
the mountain top. The hanging wall as well as a large portion of the ore bodies on this property 
·have been removed by erosion and the contact zone is only 20 to 40 feet in width instead of 
200 to 400 feet, the width on the Mamie property just below. Strata of limestone and of 
greenstone tuff lie horthea~t of the ore bodies and continue westward toward the Mount Andrew 
mine, forming the hanging wall of the mineral zone. 

The mine workings are all surface pits connected by raises with the main tunnel and have 
developed several relatively flat-lying ore masses. These masses are included within an area 
measuring 350 by 200 feet, the pits being 20 to 40 feet deep. The central portion of this area 
is traversed from north to south by a 40-foot felsite dike, which is of later intrusion than the 
syenite· and crosscuts the ore body. Smaller dikes of diabase and basalt, 1 foot to 5 feet in 
Width, crosscut the ore bodies and country rock at several points in these mine workings. 

The ore is chiefly magnetite, chalcopyrite, and pyrite associated with hornblende and 
calcite, all included in a more or less banded garnet-epidote gangue. (See Pl. XIX, D.) 

Surface oxidation has produced considerable limonite and some malachite and azurite; 
small particles of native copper also occur along slipping planes, though these secondary minerals 
are relatively unimportant. · 

MOUNT ANDREW MINE. 

Bituation and development.-The Mount Andrew mine workings are three-fourths of a mile < 

from Mount Andrew_ landing, on_ the southwest side of Kasaan Peninsula, and one-half mile 
west of the Stevenstown mine, at an elevation of 1,400 feet. A_ cable tramway 3,600 feet long 
leads from the mine to the ore bunkers and wharf at Mount Andrew landing. 
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.A. SURFACE WORKINGS OF MAMIE MINE IN 1908, SHOWING TRAMWAY TO STEVENSTOWN MINE. 

B. HADLEY SMELTER. 0. WORKINGS OF STEVENSTOWN MINE IN 1908. 
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This mine is developed (1908) principally by a tunnel 620 feet long, which undercuts 
the ore bodies at depths of 60 to 100 feet or more. From this tunnel several hundred feet of 
drifts and crosscuts have been driven, and upraises have been carried through the ore bodies to 
the surface~ The ore is mined from large underground stopes and from surface pits or glory 
holes and is delivered through chutes at tunnel level to the ore·bunkers at the head of the 
aerial tram and thence carried to the wharf, where it is loaded for shipment. Developments 
in a large way were not begun untillat.e in 1905, and during 1906 the aerial tram was erected, 
the wharf built, the compressor plant installed, and considerable ore developed. The first ore 

Graywacke, lar~ely · 
altered 1D contacfrock.; 
rich in magnetite 

[]l] 
Limestone 

PLAN 

~ 
Ll2JLJ 

Dikes offelsi.te 

[ll] 
Dikes of diabatle 

FIGURE 9.-Plan and section of workings of the Mount Andiew mine (1908). This illustration is diagrammatis and generalized. 

shipments were made in October, 1906, and production contmued until October, 1907, when 
operations were suspended. 

In 1908 the mine was not operated. In 1909 operations were renewed under the management 
of the proprietary corporation, the Mount Andrew Iron & Copper Co., and from March until late 
in the autumn a steady output was maintained. During the winter of 1909 developments 
were continued and additional ore reserves were opened. Shipments began again early in the 
spring of 1910 and the usual annual production was recorded for that year. The most note­
worthy development work undertaken in 1910 was that on the new 1,600-foot adit tunnel, which 



94 COPPER MOUNTAIN AND KASAAN PENINSULA, ALASKA. 

starts at the old camp and is projected to undercut the ore bodies 300 feet below the present 
working levels. (See fig. 9.) In 1911 the mine continued producing, though its output was 
somewhat less than in former years. · 

Ore bodies.-The ore deposits on this property are included in the same mineral belt as those 
at the adjacent Mamie and Stevens town mines, with which they are .in every way comparable. 
Six ore bodies, consisting of irregular masses of magnetite-chalcopyrite associated with the 
garnet-epidote contact rock, have been developed and have been mined to a considerable extent. 
These bodies of ore are 10 to 50 feet wide, 40 to 80 feet long, 100 feet or more in depth, and have 
a general northerly strike and pitch. They are separated by barren areas of contact rock and 
dikes 20 to 60 feet wide of altered syenite porphyry. (See Pl. XXII, A, and fig. 9.) The mine work­
ings consist essentially of surface pits which are undercut by a crosscut tunnel running east and 
west. This tunnel, with connecting drifts and raises, includes 2,200 feet of underground develop­
ments. Numerous gouge seams and slickensides, indicating faulting, were observed in the mine 
workings, and some of the ore bodies were laterally displaced 1 foot to 6 feet. · Dikes of diabase 
and felsite, from 2 to 12 feet wide, crosscut the ore bodies and country rock in variou~ directions 
and were evidently intruded after the ore deposits had been formed. (See Pis. XVIII, 0, and 
XIX, A and 0.) 

At other points on Mount Andrew large masses of the magnetite carrying an amount of 
copper insufficient to make a copper ore have been formed. These deposits, though not valua­
ble for" their content of copper alone, may sometime be a source of iron. 

MINES AND PROSPECTS NEAR KASAAN BAY. 

TYPES OF DEPOSITS 

Along. the northeast shore of Kasaan Bay there are a number of copper prospects and one 
producing mine. Two types of contact deposits were recognized. One type, at the contacts 
of diorite masses, is represented by the It mine and the Alarm, Haida, and Copper Center 
prospects; the other type occurs at the contacts of dikes of syenite porphyry and diorite, and 
is represented by the Uncle Sam, Ouray, and Copper Queen prospects. The deposits of the first 
type are concentrations of chalcopyrjte ore in the contact rock between the diorite and either 
the limestone or the graywacke. The bodies of minable ore are from a few feet to 25 feet or 
more in thickness and are generally more siliceous and richer in copper than those at the Mamie 
and Mount Andrew mines. The ore bodies along the syenite porphyry dikes contain rich ore 
here and there, but have added little to the copper production of the peninsula. 

IT MINE. 

Situation and development.-The It 1:fining Co. was organized early in 1908 and acquired 
what were formerly known as the Taylor prospect and the Eagle's Nest group. These pros­
pects are 4 miles northwest of Kasaan, 4,000 feet from the shore line, at an elevation of 400 
feet. They were developed to some extent in _1907 by the Sea Island Copper Mining Co., but 
reverted to the original owners, who sold them to the It Milling Co. Development work was 
begun by this company in May, 1908, and by the end of September a surface tramway 1 mile 
long_alhd a wharf were completed, and in October of that year ore shipments were begun. In 
1909 the mine was a steady producer and development work was advanced. A compressor 
plant was established near the wharf and a hoisting engine was installed at the mine. From 
the short adit level a shaft 50 feet deep was sunk and about 250 feet of development was done 
at this new level. In 1910 two other levels at depths of 100 and 150 feet were driven, and the 
ore production was maintained as in former--: years. Some prospecting was done by diamond 
drilling. In 1911 a 1,400-foot tunnel was begun, which is projected to undercut the ore depos-
its at a depth of 500 feet. . 

The ore from this mine is siliceous and contains little or no magnetite. The gangue is 
sorted by hand, the product being thus made richer before shipment. (See Pl. XIX, B.) 
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Ore bodies.-The o;re bodies are contact deposits which lie on both sides of a diorite intrusive. 
mass. (See Pl. XIX.) The contact zone here is widest on the northeast side of the diorite, 
where the principal ore bodies are found, though developments on the southwest side have also · 
revealed sniall n1asses of ore. The intruded rocks are limestone and graywacke and have been 
much altered by infiltration of minerals from the contact zone. · . 

The minable ore bodies consist of chalcopyrite, pyrite (often in large octahedral crystals), 
garnet, epidote, and some hematite. They are from a few feet to many feet in aimensions. 
Several such bodies have been found and mined and exploration, both in depth as well as later­
ally, continues to expose masses of ore. 

UNCLE SAM MINE. 

Situation and development.-The Uncle Sam mine, originally called the White Eagle group, 
lies 3 miles northwest of Mount Andrew landing and one-half mile fron1 ICasaan, on the south 
slope of Kasaan :('eninsula. (See fig. 10, p. 96.) The mine workings are 430 to 550 feet in elevation 
and less th~n half a mile from the beach. :Mining operations have been advanced on this 
property at intervals since its discovery in 1899, and in 1901 an aerial tram, ore bunkers, and 
a wharf were built. Early in 1906 a shipment of ore was made, bu~ no.further work was done 
until March, 1907. At that time operations were renewed, continuing until July, when another 
ore shipment was nutde. The mine is developed (1908) by a tunnel and drifts, amounting to about. 
800 feet in length, and by·open pits exposing the ore body on the surface above the tunneL 
F;rom this working tunnel a surface tram 1,150 feet long conveys the o;re to the wharf. This 
mine has now (1912) been closed since the autumn of 1907. 

Ore body.-The ore body exposed in the tunnel is an irregular lens of chalcopYJ:ite-pyrite 
ore 6 to 8 feet in width, striking north and pitching about 45° N. · It is cut off to the north 
by an east-west fault dipping 80° N., which shows but a small amount of gouge. At the open 
cut above the tunnel similar masses of ore are exposed, but no large ore bodies have been dis­
covered. Garnet, epidote, magnetite, and calcite occur as gangue m.inet·als and in many places 
fo:rn1 sn1all geodes. The chalcopyrite ore contained in this gangue rock is irregularly distributed 
in sn1all 1nasses and not along well-defined lines. The country rock is made up of strata of 
chloritized and epidotized greenstone tuff, which are underlain by the intrusive syenite and 
are cut cross by small dikes of diabase of later origin than the ore bodies. 

COPPER QUEEN GROUP. 

The Copper Queen group of claims, which represents the first copper locations on Prince 
of Wales Island, lies about one-half mile southeast of Kasaan. In 1898 these claims were sold 
to the Kasaan Bay Mining Co., which made additional locations. Small operations were in 
progress fron1 1899 until1902, and 500 feet of tunneling was done, besides surface excavations. 
Since 1903 the property has been idle. 

The principal ore deposit is exposed along the side of a gulch at a point 300 feet in eleva­
tion. It consists of an irregular mass of chalcopyrite ore accompanied by pyrite and magnetite 
in a garnet-epidote gangue, at the contact of an altered in~rusive syenite with the greenstone 
tuff. Below these exposures a crosscut tunnel 400 feet in length has been driven in the altered 
syenite, but has failed to reveal any ore. 

Other mineral exposures occur on these. claims at points close to tidewater and have been 
prospected by shafts and open cuts, but so far no important deposits ha:ve been discovered. 
Practically no work has been done on this property for several years (1912). 

POOR MAN'S GROUP. 

The Poor l\1an's group of two claims is 21niles northwest of Kasaan. In 1908 the mine work­
ings were connected with deep water by a surface tramway and wharf having a total length of 
about 2,000 feet. The principal developnwnts are at the head of the tramway and consist of a 
tunnel, driven 90 feet in a southwesterly direction, which crosscuts a 40-foot body of magnetite 
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ore and 30 feet of garnet-epidote contact rock, and at its face enters .a wide dike of red syenite 
, for 20 feet. At a point 80 feet from the mouth of the tunnel is a vertical shaft extending 30 ) . 

KASAAN BAY 

100 0 100 zoo 300 400 500 FEET 

~ ~ ~ ~ 
Limestone Syenite porphyry Mineralization Diabase dikes 

FIGURE 10.-Plan of workings of the Uncle Sam mine (1908). 

feet to the surface and 60 feet in depth. This body of n1agnetite is exposed on the surface 
above the tunnel, and similar masses have been prospected by short tunnels and cuts and 

-( 
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shafts at points along the .tramway and on adjoining properties. Associated with the mag­
netite are large amounts of calcite and hornblende and some pyrite, chalcopyrite, garnet, and 
epidote. Although the magnetite deposit itself is extensive, the chalcopyrite ore occurs only 
in isolated pockets or narrow veinlets and is not disseminated throughout . the magnetite in 
sufficient amounts to make a copper ore of the entire body. It is noteworthy, however, that 
these ore bodies may be of value for their iron content. Minor displacements: due to faulting 
on slipping planes·, and dikes of diabase and felsite erosscutting the deposits were noted. 

BROWN & METZDORF PROSPECT. 

The Brown & Metzdorf prospect is ·one-half mile from Kasaan Bay, at an elevation of 310 
feet. The ore body is a mineralized mass of garnet rock carrying chalcopyrite and pyrite. 
It is exposed for a width of 10 feet, showing a banded structure, and evidently repln.ced the 
bedded quartzite n.nd greenstone· tuff country rock. A wide belt of limestone is exposed in 
bluffs along the trn.il just below this prospect. 

PEACOCK AND TACOMA CLAIMS. 

The Pen.cock and Tn.comn. claims n.re about 3 miles southen.st of Kn.sn.n.n. The Tn.comn. claim 
extends to the bench, where open cuts hn.ve been n1ade on ore exposures that n.re covered n.t 
high tide. The ore is confined to n. gn.rnet-epidote rock n.nd occurs in irreguln.r patches or 
finely disseminated pn.rticles. In the cuts on the bench n. small amount of ore is exposed, n.nd 
above it, n.t an ·elevation of 50 feet, n. tunnel 60 feet long (1908) enters the hill in n. northen.st 
direction. This tunnel crosscuts n. wide· belt of garnet-: ~Jidote rock contn.iuing some chn.lco­
pyrite. Other open cuts expose sn1n.ll amounts of ore n.t several pln.9es, but no ln.rge ore 
n1asses have been developed. · 

The Peacock clnims n.djoin the Tn.comn. cln.im on the north n.nd extend to the cen:ter of 
the peninsuln.. At 600 feet from the beach and 120 feet above tide a tunnel45 feet long exposes 
a belt of gn.rnet-epidote contact rock containing mn.gnetite n.nd a smn.ll n.mount of chalcopyrite. 
Still higher, n.t 325 feet, n. second tunnel 30 feet long, following the contn.ct of a diabase dike, 
exposes a smilar mineral-bearing rock. I-Ier·e also dikes of felsite and basalt occur, and slip­
ping planes displace the mineral body in various directions. The amount of development on 
these properties has not been sufficient to disclose ore bodies large enough to justify mining, 
but systematic prospecting n1ay open up deposits of value. 

HOLE IN THE WALL PROSPECTS. 

The small cove known as I-Iole in the Wall lies on the north side of the harbor at }Iadley, 
and along its shores and west of it a number of claims hn.ve been located, among them (in 
1908) the Plumley group and the Eureka, Sunrise, Pennsylvania, Venus, and Pelaska claims. 
On the liilma claim of the Plumley group, at a point one-half mile northwest of the head of the 
cove and 310 feet in elevation, a tunnel 25 feet in length has been driven along the contact of 
an altered li1nestone belt with a dioritic batholith, in which small masses of chalcopyrite are 
exposed in a garnet-epidote-calcit.e contact rock. On the Eureka claim, at tidewater, similar· 
contact deposits are being developed and are reported to be of considerable extent. The Sun­
rise claims, three in all, are west of the I-Iole "in the Wall, and on these· claims at points along 
a gulch small ore masses replace limestone beds at or near their contact with granodiorite. 
At an elevation of 1,050 feet this contact aureole is 25 feet wide and contains considerable 
n1agnetite and chn.lcopyrite 91~e, which sho.ws n1uch surface alteration. On the south slope .of 
the hill, nt an elevation of 950 feet, is an open cut exposing a highly crystalline marble, slightly 
banded, striking N. 65° E. and dipping 66° NW. This marble overlies the contact rock, which 
carries sn1all amounts of the copper ore. On the Pennsylvania claims, southeast of the Sunrise 
daitus, an open eut following a felsite dike n.t an elevation of 850 feet exposes a small vein 2 to 
3 feet wide consisting of pyrite with small amounts of chalcopyrite. The prospects on the 
Venus clain1s show contact deposits similar to those ·exposed on the Sunrise Claims to the north 
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and are apparently along the same intrusive contact. The Pelask~ claim, extending from the 
head of the cove westward, has been developed by a tunnel over 100 feet in length following a 
belt of altered limestone intruded by a diabase dike, along which occurs garnet-epidote contact 
rock carrying some chalcopyrite. This deposit is interesting geologically, but the amount of 
ore exposed is small. 

MINES AND PROSPECTS AT THE HEAD OF KASAAN BAY. 

LOCATION. 

Tlie head of Kasaan Bay includes the entire northwest extension of I(asaan Bay. It is a 
relatively shallow embayment 3 miles in width, including a number of low wooded islands and 
shoals, and affording several good anchorages. The adjacent land ~rea is low and is. occupied 
by a "salt chuck" 2 miles in length and by three small lakes. To the southwest is a mountain 
range including Granite Mountain and other rounded sun1mits less than 4,000 feet in elevation, 
and to the northeast is a low ridge of hills forming the divide between Kasaan and Thorne bays. 
The principal mines in the immediate vicinity are the Rush & Brown mine and the Venus group 
to the northwest and the Goodro claims to the northeast. In 1901, when A. H. Brooks visited 
this section, none of these properties had been located, and not until 1904 were the copper­
bearing ore bodies discovered. · · 

The area is occupied principally by stratified rocks ranging from a fine tuff to a coarse 
conglomerate, and in places showing a development of large hornblende cr)7Stals. These bedded 
rocks are invaded by granodiorite masses, and dike r0cks of various composition intrude both 
the granodiorite and the bedded rocks .. The copper ore occurs (1) at the contacts of the 
granodiorite with greenstone tuff, conglomerate, and limestone, as at the Rush & Brown mine; 
(2) along shear zones in the greenstone tuffs and conglomerates, as at the Venus group and 
Rush & Brown n1ine; and (3) in small masses and disseminated particles scattered irregularly 
through an altered basic diorite, as at the Goodro claims. 

r RUSH & BROWN MINE. 

Situation and development.-The Rush & Brown property includes ( i 908) eight claims extend­
ing from the "salt chuck" northwestward, the principal mine workings being located on 
the Iron Cliff claim, at an elevation of 300 feet, about 2 miles from the wharf at the head of the 
bay. (See fig. 11.) In 1904 this property was prospected by long trenches and open cuts, and 
a shaft 25 feet deep was sunk on the ore body. In 1905 it was leased by the Alaska Copper Co. 
and a new shaft was started 120 feet south of the old shaft and sunk to a depth of 84 feet. 
From the bottom of this shaft the principal ore body, the magnetite deposit, was developed 
by drifts and crosscuts and a drift was extended to a second ore body, the sulphide deposit, 
160 feet farther northeast. In 1907 the shaft was sunk an additional 93 feet and· another 
1evel was started. The ore from the mines is transported by a gravity tram to ore bunkers 
on~folii:th mile below the mine and thence by a railroad 2! miles long to the wharf at the 
.head of .. the bay, where ore bunkers of 2,000 tons capacity have been built. During 1906 ore 
was shipped to the smelter at. Coppermount, and in 1907 shipments were made to the Tyee 
smelter at Ladysmith, British Columbia. The mine was practically idle during 1909-10. In 
1911 work ·was agaiJJ. renew_e~ and since then shipments of ore have been continued. 

Ore bo,dies.-In 1908 two ore bodies had been developed at the Rush & Brown mine. One 
is a contact-metamorphic deposit consisting of a copper-bearing magnetite body, developed to 
a length of 100 feet and a width of 30 feet, in -the contact-rock gangue lying between diorite 
and. an altered graywacke, the Jine of contact striking nearly east and west." The other deposit, 
160 £eet to the north, occupies a shear zone in the greenstone tuff and conglomerate beds and 
is a s-q_lphide body composed of chalcopyrite and pyrite in a gangue of altered graywacke and 
quartz and calcite.' It is developed to a width of 4 to 14 feet and in 1908 had been followed 
for a length of 85 feet .. The mine management in 1913 reported that the sulphide ore body 
on the second level was cut off by a fa:ult but was picked up again and explored for a distance 

·~ 
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.A. PORPHYRY DIKE CUTTING O RE BODY NO. 41 MOUNT 
ANDREW MINE. 

B. ENTRANCE TO SLOPE AND SURFACE CAPPING OF ORE BODY AT RUSH & 
BROWN MINE. 

Ph otograph taken in 1908. 
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of 170 feet beyond the fault. The strike ofthis sulphide deposit is northeastward and its dip 
is 60° SE., toward the ~arger deposit. Further exploration will doubtless disclose other ore 
bodies of the same types. (See Pls. XVIII, A., and L~II. B.) 

GOODRO MINE. 

The Goodro mine, also known as the Joker group, is half a n1ile fron1 the head of the salt 
chuck entering Karta Bay. The surrounding area is relatively low, the claim being located 
on a knoll about 400 feet in elevation. The copper deposit at· this mine consists of dissemi­
nated sulphide ores in a gabbro intrusive belt, which is shown on· the geologic map (Pl. XV). 
At the ti1ne of the \VI·iter's visit 
this deposit had been developed 
by s1u·face pits, an open cut 70 
feet long, and a tunnel 125 f~et 
long, which crosscuts the de-
posit 90 feet below the surface 
and 90 feet fr01n its 1nouth. In 
1909 a wharf, ore bins, and 3,850 
feet of tra1n (in part gravity and 
in part horse trmn) were con­
structed, and the shipment of 
ore was begun. 'rhe ore \vas 
lightered out o.f the salt chuck on 
barges at high tide and loaded 
"on vessels lying ~t the head of 
l{asaan Bay. In 1910, after 
the winter shutdown, operations 
were again resumed. A winze 
100 feet deep was sunk fron1 the 
1nain tunnel level, and fron1 its · 
bottotn drifts were extended to 
the east and west 150 feet in 
length. The winze is said to 
have been sunk in ore for 45 feet. 
At the lowest level 14 feet of 
ore, consisting of disseminated 
chalcopyrite and bornite in the 
gabbro, is said to have been 
crosscut. In 1911 only assess­
Inen t work is reported to have 
been done on this property. 

'rhe ore deposit at this 
mine is of special interest be­
cause bornite is the dominant 

t ll'f · ] d 't · Greenstone tuff n1e a 1 erous m1nera , an 1 IS and conglomerate 
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the only locality in southeastern 
Alaska where bornite has been FIGURE 11.-Plan and section of the Hush & Brown mine (1908). 

found in quantity. The ore occurs in small masses and disseminated particles associated with 
epidote, feldspar, and biotite, minerals that largely replace the inclosing gabbro. Native copper, 
chalcocit~, chalcopyrite, and small amounts of gold are also associated with the bornite. The 
mineralization of the gabbro with bornite is exposed across a width of 60 feet and for a length 
of 100 feet or more. Other smaller ~eposits of bornite in the gabbro were noted on adjacent 
properties. 
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MAMMOTH GROUP. 

The Mammoth group, including- the Haida mine, lies on the east side of Kasaan Bay, 
about 6 miles from Kasaan and one-third of a mile from tidewater on the top of a low hill 
500 feet in elevation. The property was largely developed in 1904-5 by the original owners, 
and in June, 1906, was sold to the Haida Copper Co., which began active developments and 
made plans for erecting a gravity tram 2,000 feet in length, extending to the beach, and a wharf 
and ore bunkers. In April, 1907, these improvements were completed and ·the company made 
shipments of ore to the Hadley smelter. Early in the summer, however, operations were 
suspended, and the mine has since been idle. The mine is developed by a tunnel 120 feet in 
length, connecting with a shaft 35 feet deep, which in turn connects with a surface pit on the 
ore body. In ~908 exploratory drifts had been extended from the tunnel, and prospect pits and 
short tulln.els have been driven at other points on the property. Little work has been done 
at this prospect in recent years. 

The ore body is an irregular magnetite mass carrying chalcopyrite in a gangue of garnet 
and epidote. The country rock in the immediate vicinity is made up of greenstone tuff and 
conglomerates, though just below the mine workings a belt of intrusive diorite is exposed 
which forms the western haH of the ridge and probably underlies the ore body. The deposit 
is developed by an open ·pit. over an area about 50 feet in diameter. This is u.ndercut by a 
tunnel at a· depth of 30 feet, and though the magnetite is exposed at this depth, cha,lcopyrite 
is not so abundant. To the northeast the ore body is limited by a fault plane striking_ nearly 
east and west and clipping 75° S. Other slipping planes striking at different angles were noted 
in the ore body and inclosing rock. · · 

COPPER CENTER PROSPECT. 

The Copper Center group of claims lies 1 mile north of the Mammoth group at an elevation 
of 400 feet. It was located in April, 1907, and in July was bonded to mining men who under­
took its development. In 1908 several shafts from 10 to 30 feet deep had been sunk within an area 
300 by 120 feet. In all these shafts and surface cuts magnetite and chalcopyrite ore associated 
with garnet-epidote and hornblende gangue is exposed. The deposit is app.arently flat lying, 
though the amount of work clone is hardly sufficient to prove that it does not continue in depth. 
It is also probable that further- investigations at a greater depth will reveal deposits at other 
points on the property. The· country rock is largely conglomerate and greenstone tuff, under­
lain by granocliorit~, which is exposed clown th'e hillside to the southwest. The area is densely 
covered by: undergrowth, which renders prospecting difficult. The clip needle has been suc­
cessfully use<;l witliin this area, and the deposit just described was located by it. 

CHARLES ·PROSPECT. 

The Charles property is about 1 mile southeast of the :Mammoth group and 5,000 feet 
from tidewater, at an elevation of 380 feet. It was located in May; 1907, and only a small 
amount of work has been clone on it. . The mineral body exposed in a cut 20 feet long and 
10 feet deep consists of chalcopyrite masses associated with some magnetite in a garnet gangue 
which replaces the greenstone tuff country rock. Diorite occupies the hill just west of this 
prospect, but was not exposed near the mineral body. Dikes of diabase crosscut the ore body 
and are evidently of later origin. Besides the copper, the ore is said to carry high values in 
both gold andsilver. 

_VENUS .GROUP. 

The Venus· group of claims is on Iron Creek 1 i miles from the head of K3J3aan Bay and 
about 1 mile south of the Rush & Brown mine. This property was located in 1904 and a 
magnetic survey made. Within the area of maximum attraction a pit was sunk and a trench 
50 feet in length was made through the overlying debris, exposing the magnetic deposit. 
Below these surface excavations, which are at an elevation of 250 ·feet, a tunnel 75 feet in 
length has been clr_iven which crosscuts 50 feet of debris and 25 feet of country rock, and at its 
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face exposes ore. The country rock is an indurated greenstone tuff with interstratified quartzite 
beds, the ore occupying a shear zone. Associated with the ore are considerable sphalerite and 
pyL"rhotite, with quartz and calcite as gangue n1inerals. 

PROSPECTS ON TOLSTOI BAY. 

CHARAC~ER OF THE ROCKS. 

On the north coast of Kasaan Peninsula, adjacent to Tolstoi Bay, which affords good 
anchorage, much prospecting has been done and numerous locations have been made, but 
none of the properties have been developed beyond the prospect stage. The small p~om­
ontory here is composed largely of the diorite intrusive masses, which are exposed at Tolstoi 
Point and along the eastern slope of Tolstoi Mountain: On the western slope and along the east 
shore of Tolstoi Bay greenstone tuff, sandstone, and conglomerate and a few strata of limestone 
are exposed. Both the bedcled and the intrusive rock masses are crosscut by dikes of porphyry 
and diabase. The ore bodies are contact-metamorphic deposits similar to those at the mines 
in the southern p~rt· of the peninsula. They are lenticular masses of magnetite carrying chal­
copyrite and associated with garnet, epidote, calcite; and quartz, inclosed in the bedded rocks 
near the intrusive granodiorite contact. 

IRON CAP GROUP. 

The Iron Cap property, also known as the .:Mahoney group, consists of two claims on the 
northwest slope of Tolstoi Mountain at an altitude of 1,000 feet, reached· by a trail It miles 
long starting from a cove 2 miles southwest of Tolstoi Point. In 1901 the property was pros­
pected to a considerable extent by open cuts along a gulch and by several hundred feet of 
diatnond-drill holes, but since that· time it has been idle. The country rock consists principally 
of greenstone tuff and a fine conglomerate intruded by ·syenitic dikes of considerable width, 
which are apparently related to the ore deposits. Three ore bodies have thus far been located, 
the largest 20 feet wide and traceable for 50 feet, the major axis striking N. 45° W. A second 
ore body, separated from the first by a 30-Joot dike of altered syenite, is 12 feet wide and is 
limited on the footwall side (to the southwest) by a fault plane showing a considerable seam 
of gouge; toward the hanging wall it grades into a garnet-epidote contact rock. The third 
ore body, which lies just above the other two at an elevation of 1,080 feet, appears to be a 
flat-lying n1agnetite deposit only a few feet thick. 

WALLACE 9-ROUP. 

The Wallace group includes four claims on the southeast slope of Tolstoi Mountain at 
elevations between 800 and 1,600 feet. At several places on this property small scattered 
masses of copper ore are exposed, but at no place have the explorations been sufficient to deter­
mine the extent of these deposits. The uppermost ore bodies found have been opened by a 
short tunnel which exposes a vein of garnet-epidote rock containing chalcopyrite. This vein 
strikes N. 15° W. and dips 20° SW. The lower openings expose a magnetite-chalcopyrite ore, 
but the bodies do not appear to .be extensive. 

TOLSTOI GROUP. 

The Tolstoi group of claims is south of the Wallace group, just below the summit of Tolstoi 
Mountain. The ore bodies are low-grade magnetite-:chrilcopyrite masses similar to those on 
the Iron Cap group, but they have not been so extensively prospected. Only the required 
annual assessment work has been done on this property. 

BIG FIVE CLAIM. 

The Big Five claim lies half a mile east of Tolstoi Bay, on the trail to the Iron Cap group, 
at an elevation of 370 feet. In 1908 a tunuel50 feet long and a shaft exposed scattered masses of 
chalcopyrite, -pyrrhotite, and pyrite, in a gangue of garnet, epidote, and calcite. The mineralized 
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mass IS 10 feet wide and is a replacement deposit in limestone. Many slipping.planes niarkerl 
by gouge seams traverse both ore body and country rock. Assessment work only is done on 
this claim each year. 

IRON ORE. 

The only iron ore found in Kasaan Peninsula .and the Copper Mountain area is magnetite, 
which occurs in large bodies along contacts of diorites and limestones. No special study has 
been made of these deposits, which have been developed only in connection with the mining 
of the copper ores. In the foregoing descriptions of the copper deposits, however, numerous 
references are made to the occurrence of magnetite. 

· The amount of magnetite shown at the surface is very large, and rriost of the ore is believed 
to contain no phosphorus or other detrimental impurities. The work at some of the copper 
mines has exposed a considerable quantity of magnetite, which carries from one-half to one and 
a half per cent of copper but which can not now be mined profitably as a copper ore. H the 
iron could be utilized, however, the copper, which could be separated magnetically after 
crushing, would furnish an additional source of profit. The utilization of these iron ores 
would seem to be a metallurgical problem, as there can be no question that they occur in quan­
tities that should make them commercially valuable. 

GENESIS OF THE ORES. 

GENERAL PRINCIPLES. 

In considering the probable source of the metal-bearing minerals that formed the ore 
deposits and of the mineral-bearing solutions that brought them from their original source and 
deposited them, with other minerals, in the fissures in the rocks, it should be remembered that, · 
as in most other problems of this sort, certain theories or hypotheses as regards a supposed 
underlying igneous magma, the activities of mineral solutions, the precipitation of ores, and 
the metamorphic agencies and action are based on meager evidence. These hypotheses, 
however, appear t() afford the most probable explanation of the condition now existing. The 
determination of the origin of an ore deposit is not only of scientific interest but of economic 
in1portance, for on this determination the mjner must base his conclusions as to the depth to 
which the workable. ore may extend and as to whether the ore will become more or less valuable 
with increase of depth. In most regions the workable deposits of copper ore are concentra­
tions formed by circulating waters, generally of atmospheric origin, which have leached lean 
original ores and concentrated them as richer ore bodies in the immediate vicinity. On Copper 
Mountain and on Kasaan Peninsula, however, only deposits containing original or primary ores 
are found; few or no secondary ore deposits have been discovered. 

The contact deposits are the principal valuable ores in these two areas and as they were 
formed dirrectly by metamorphic processes a discussion of these processes is necessary. 

METAMORPHISM PRIOR TO THE GRANITIC.INTRUSION. 

The metamorphic changes in the stratified rock in the Copper Mountain area and on Kasaan 
Peninsula have already been described. Such changes were d~e primarily to heat, pressure, and 
solution and probably were intensified by the overburden of rock strata that has since been 

·removed by erosion and by mountain-building forces or shrinkage of the earth's crust that caused 
lateral compression and folding of the beds. These forces produced what is known as regional 
metamorphism, causing a partial crystallization of the limestone beds, an induration of the 
gray-wacke, quartzites, and conglomerates, and .a partial recrystallization and the develop­
ment of schistosity in the more tuffaceous and argillaceous beds. 

CONTACT METAMORPHISM. 

DEFINITION. 

In the districts under discussion the metamorphism of the intrusive igneous rocks and of 
the rocks they intruded is widespread and the processes that were involved in the changes 
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that occurred are numerous. These complicated phenomena are classed under the term ''contact 
metatnorphism," a term that covers the mutual effects of the action on the intrusive and the 
intruded rocks. 

'I'he action of an intrusive mass of n1olten rock-an action that affects both intruded and 
intrusive rock-is in part recrystallization and in part replacemant by added material. This 
action has its maximun1 effect at the contact of the intrusive masses and decreases with increase 
of distance from the contact. 

CAUSES OF CONTACT MJ~TAMORPHISM. 

Contact metamorphism is due largely tq the action of superheated solutions derived from the 
eruptive lnagnla and forced into the rocks, where it produced recrystallization, generally without. 
notable addition or subtraction of material except in contact deposits, which represent an 
extreme type of metamorphic action and whose metallic content is supposed to have been 
contained in· the superheated aqueous solutions. The presence of superheated steam or wa~er 
in eruptive magmas is referred to by Gautier/ who ma.kes the following statements: 

Geological observations in all parts of the world show tl1at thermal waters are usually related to ancient or modern 
volcanoes and that they issue from fissures of the same character as those occupied by met:'tlliferous veins or igneous 
dikes. * * * [The quantity of water set free when granite is brought to a red heat is at least 25,000,000 to 30,000,000 
tons (or 2t to 3 per cent of its volume) for each kilometer of this rock which is· the least rich in water.] Thus the 
gases which I have extracted from rocks are composed of the sap1e constituents as the volcanic gases. The vapor of 
water, free hydrogen, and carbon dioxide predominate in both, and both cont:'tin carbon monoxide, marsh gas, nitrogen, 
a little hydrogen sulphide, and tra:ces of cyanogen and of petroleum compounds. This analogy of composition suggests 
an analogous origin. 

Lindgren 2 makes the following statement: 
Turning now to the large class of "epigenetic" deposits in which the metal is of later origin than the surrounding 

rock and has been introduced by agencies foreign to the rock itself, the first division which should receive attention 
is that of the contact-metamorphic deposits. In these the ores replace limestones or, more rarely, other sediment:'l.ry 
rocks, their substance is beyond reasonable doubt derived from metallic emanations from intrusive magmas, and their 
occurrence is closely connected with the actual contact with these intrusives, although they may extend for a couple 
of thousand feet away from the igneous rock. The deposits which generally contain magnetite and chalcopyrite and 
which usually are poor in gold and sliver were formed at a considerable distance below the surface, probably never less 
than 1,000 feet, and there is, as far as known, no other limit in the depth at which they can be f.ormed except that the 
heat must not be so high as to fuse the sedimentary beds. 

In another paper on ore deposits and physical conditions Lindgren,3 writing of ore 
deposits due to contact metamorphism of sediments by intrusive igneous rocks, says: 

These deposits, which are almost exclusively of metasomatic origin, are apparently caused by replacement of 
calcareous rocks by very hot solutions given o'ff by the cooling magma. 'fhese solutions were probably ·above the 
critical tempera.ture and thus really in a gaseous condition. 

Spurr 4 writes : 
All rocks contain water, but the molten material contains more than the resulting rock. Most of this water is 

expalled at the moment of solidification, together with certain gases and a g;.·eat variety of other materials held in solu­
tion. When rocks cool at the surface, the escaping water forms the clouds of steam, highly chmged with gases and min­
erals, which issue from fissures, and when they solidify below the surface the waters .and gases may be forced into the 
inclosing rock, producing that recrystallization and rearrangement of its constituents which is called contact meta­
morphism. 

Kmnp 5 n1akes the following statement in regard to magmatic waters: 
That the floods of lava which reach the surface are heavily charged with them there is no doubt. * * * There 

is no reason to believe that many of the igneous rocks which do n.ot nach the surface are any less rich, and when they 
rise so near to the upper world that their emissions may attain the surface we must assign to the resulting waters a 
very important part in the underground economy. · 

1 Onutior, Armand, 'J:ho genesis of thermal waters and their·eonnection with volcanism: Econ. Geology, vol. 1, No.7, pp. 688-697, 1906. 'l'ratl&. 
lo.tlou by F. L. H1111Somo of La goneso des eaux thormales et ses rapports avec le volcanisme: Annales des mines, 6th sor., vol. 9, pp. 316-370, 1906. 

~Lindgren, Waldomo.r, Ore deposition and deep mining: Ecou. Geology, vol. 1, p. 36, 1905. 
s Lindgren, Waldomar, 'J:he rotation of ore deposition to ph);Sical conditions: Econ. Geology, vol. 2, No.2, pp. 105-127, 1907. 
• Spurr, J. E., Uelation of rock segregation to ore deposition: Eng. and Min. Jour., vol, 76, p. 54, 1903. 
G Komp, J. F., 'J'hoproblom of metalliforous veins: Econ. Geology, vol. 1, No.3 (December-January, 1905-6) p. 229. 
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Lincoln, 1 writing on magmatic emanations, makes the following statements: 

· Magmas contain certain substances whichdecompose·or interact unless prevented by pressure or cooling. These 
generators give rise to primary magmatic emanations. Cooling or pressure or both cooling and pressure prevent the 
complete destruction of the generators, hence igneous rocks contain repressed emanations which may be expelled by 
heating them to red heat at atmospheric pressure. 

Intruded magmas by heating the adjoining rocks induce secondary emanations which consist of part of the poten­
tial emanations of these rocks. The ratio of primary to secondary emanations is an unknown quantity. 

Magmatic emanations which are expelled as gases an4_ vapors become at the ordinary temperatures of the earth's sur­
face solids, liquids, and gases. The principal gases are carbon dioxide, meth.ane, hydrogen, hydrochloric acid, hydrogen 
sulphide, sulphur dioxide, nitrogen and oxygen with less carbon monoxide and ethane and a very little hydrofluoric, 
hydriodic, and hydrobromic acids.. Water is the only important liquid, and it makes up a large percentage of the total 
emanation. The solids are chiefly chlorides and sulphates of the alk~lies and alkaline earths and of iron, together 
with a 'much· smaller quantity of metals and mineralizers. · 

DEVELOPMENT OF CONTACT METAMORPHISM . 

. As has already been noted, the intruded rock strata had been subjected to regional meta­
morphism prior to the intrusion of the igneous masses, which cooled and solidified at. a consider-
· able depth below the surface. It is therefore reasonable to suppose that the heat contained in 
the igneous rock masses .at the time of their intrusion was gradually, though extensively, imparted 

. to the intruded rock beds. It is reasonable to assume that while losing their heat both 'the intru­
sive and intruded rocks contracted somewhat at their contacts, leaving small open spaces and 
fissures in the contact zone, which permitted the metamorphic action to extend still farther 
from the contaet. Around the intrusive contacts, especially ~t points where the line of contact 
is irregular, many cracks and fissures were formed, and along these local fractures the effects of 
contact metamorphism are most pronounced. The emanations from the igneous magma or 
mineralizing solutions ascended along these openings, dissolving and precipitating minerals and 
forcing themselves outward into the more or less porous wall rocks, where they caused replace­
ment of the original mineral components of the rocks. The deposition of minerals from these 
solutions is attributed to supersaturation resulting from the decrease in the temperature and 
pressure of the solutions as they came into contact with colder _rocks, but was probably to 
some extent due to precipitation of elements that entered the solutions on their upward course. 

ORIGIN OF ELEMENTS CONTAINED IN MINERAL SOLUTIONS. 

Whether the elements contained in the mineral solutions were derived directly from the 
magma from which the solutions emanated or whether they were derived from the rocks through 
which the solutions passed is not know-n, but it is probable that certain elements, such as iron, 
sulphur, and copper, found in the contact deposits and·not in the adjacent rocks, were contained 
originally in the heated solutions. The lime and magnesia in the contact rock, however, are 
believed to have been derived by the solutions from the calcareous rocks through which they 
passed; t.he silica, alkalies, and alumina which have entered into the composition of the contact 
ro~k may, on the other hand, have been leached from the diorite. 

METAMORPHIC EFFECTS ·ON THE INTRUDED ROCKS. 

The character and extent of the contact metamorphism of the intruded rocks have been 
determined by many factors, such as the temperature, composition, depth, size, and form of 
the intrusive mass and the composition and porosity of the intruded rock strata. Though the 
results of metamorphism should be similar under similar conditions the amount of alteration 
varies widely from one· point to another along the same contact and is besides dependent on the 
local development of fractures and fissures in the rocks along which the solutions circulated 
and produced the alterations noted. Extensive replacement of rock beds at certain localities 
and practically none at others indicates that the metamorphism is due mainly to the action of 

I Lincoln, F. C., Magmatic emanations: Econ. Geology, vol. 2, No.3, pp. 273,274, 1907. 
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nrineral solutions that were introduced along the contacts, and not so much to the immediate 
effects of heat and chemical reactions in the intrud~d.rocks themselves at the time of the igneous 
intrusion. 

The 1nineral solutions penetrated the sedimentary rocks most· freely and produced meta­
somatism most readily along calcareous layers in the strata, completely altering them. In such 
beds diopside, garnet, epidote, and feldspar were formed, and in some places pyrite, pyrrhotite, 
and chalcopyrite are scattered through them. Limestone beds that lay at the contact are changed 
to marble and cont~in tremolite. Generally the line of contact with the "limestone is sharp and 
is marked by the development of granules of diopside next to the intrusive rock and of tremo­
]ite in fine needles in the limestone. The contact rock contains .included fragments and small 
masses of. limestone and in places considerable calcite, which may have been formed by solution 
and reprecipitation of the limestone. 

The calcite crystals usually form a matrix including diopside and garnet in irregular 
grains, and in some places appear to be the last mineral formed. 

In the more porous strata, such as the sc1rists and graywackes, there is not the sharp con­
tact between the contact rock and the intrusives, except where the intrusive fills fissures that 
extend into the contact rock. · These rocks appear to have been impregnated with mineralizing 
solutions w1rich deposited in them garnet, epidote, diopside, feldspar, hornblende, wollastonite, 
tremolite, calcite, and some quartz, the :first four minerals being confined to the contact zone 
and the last five minerals lying farther away from the contact. To what extent these minerals 
were fonned by metasomatism of the rock beds without addition of material is difficult to 
determine; nor is it possible to say to what extent now material was introduced by the solutions. 

METAMORPHIC EFFECTS ON THE INTRUSIVE ROOKS. 

The direct ·changes caused by the adjacent igneous mass are relatively slight in comparison 
to the changes caused by the mineral solutions that passed alcm.g the contact and impregnated 
the rocks along the channels they t~aversed. The changes noted are essentially those of meta­
somatism and occurred after the intrusive mass had solidified. Greater changes were made 
in the intrusive than in the intruded rocks. In. many places metasomatism caused by the solu­
tions has been so great that the intrusive rock itself is entirely transformed into contact rock. 
Generally, there 'is no sharp line of division between the contact rock and the intrusive mass, 
tho two grading into each other. In certain places fissure veins of contact rock enter the intru­
sive rock, but they do not. extend far from the contact zone. The wall rocks around the contacts 
show here and there a slight veining, a few inches to a few feet wide. These veins are pegmatitic, 
consisting of large amp1ribole and plagi6clase crystals with some pyrrhotite, diopside, and calcite. 
The feldspar in the diorite itself has been altered to scapolite, the alteration being attributed 
to the action of the mineralizing solutions. Where wide zones of contact rock occur the intrusive 
rock has been most altered and has contributed in large measure the material that makes up the 
contact rock, as is shown by analyse~· of the unaltered diorite, ·of the altered diorite at the con­
tact, and of the contact rock itself, w1rich are remarkably similar for rocks that differ so widely 
in mineral c01nposition. 

The main effects of the contact metamorp1rism on· the diorite have been to change the 
feldspar (essentially alkaline) to scapolite and the hornblende to diopside and epidote. On pass­
ing from the unaltered diorite toward the· contact one may note that the granitic texture gradu­
ally disappears, the rock assumes a dull and somewhat bleached appearance, the altered feldspar 
aggregates are separated by pale-green diopside and aggregates of epidote, and finally that the 
rock seems to be amorphous, of a pale-pink to greenish color, and_ felsitic in texture. T1ris 
felsitic rock is made up almost entirely of scapolite, light-green diopside, some epidote in. tufted 
aggregates, garnet in patches (in places connected with veins), and scattered particles of calcite. 
In the contact rock the original feldspar and ferromagnesian minerals are entirely replaced, 
though the rock still contains unaltered titanite crystals in considerable amounts, w1rich were 
originally in tho diorite, this occurrence emphasizing the fact that the alteration of the diorite 
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has been extensive and that in certain places, at least, .the contact rock is.only a replacement of 
the diorite. The fust alteration of the diorite was evidently accompanied by the deposition of 
pyrite, pyrrhotite, and molybdenite. Diopside seems to occur where pyrite is present and 
calcite with hornblende accompanies the molybdenite and magnetite. 

DEVELOPMENT OF THE CONTACT ROCK. 

Microscopic study of numerous specimens of the contact rock shows that it is in part altered 
wall rock, mostly limestone, and in part altered diorite, and that some of it has been formed 
by the :fillrng of fissures in these rocks. The interior parts of several specimens of limestone 
that were included in the contact rock and· of ores of the Jumbo mine are a finely granular white 
limestone containing considerable dolomite, which is bordered by a zone, a few centimeters 
wide, in which tremolite is abundant, and just outside of this zone is another zone, several 
inches wide, in which tremolite disappears and diopside is abundant. Garnet may accompany 
the diopside, and at a distance from the limestone may take its place, passing into a vein deposit 
with garnet druses. Usu·ally, however, a deep-green amphibole appears at the outer border 
of the diopside zone, and beyond it the ores, chalcopyrite and'pyrrhotite, become abundant, 
passing into solid masses of sulphide. Much of the rock of the contact zone consists of garnet 
and diopside with calcite, the diopside scattered and the garnet in part scattered and in part 
filling fissures. 

The following analyses show the chemical composition of the several types of rock found 
at the Jumbo mine. The analyses were made from chips representing every type. 

Analyses of specimens of rock from the Jumbo mine. 

1. Diorite. 2. Altered 3. Contact 
diorite. rock. 

4. Lime­
stone. 5. Gamet. 6. Ortho­

clasite. 
7. Diop­

side. 

Si02.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59.44 46.57 39.51 0. G1 35.18 G2. 03 55.12 
AhOa..................................................... 17.40 13.51 5. 87 . 30 5. 15 1G. 39 . 40 
Fe20a..................................................... 3. 30 2. 92 8. 54 . 48 25.05 . 72 ...•...•.... 
FeO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 77 2. 73 3. 40 . . . . . . . . . . . . . 40 . 86 1. 12 
MgO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 81 2. 85 5. OS 8. 00 . 09 1. GO 18. 15 
CaO.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. 51 19. 92 29. 42 4G. 45 33. 36 3. 60 25. 04 · 
Na20 ...................... :.............................. 4.22 2.33 1.00 ............ ............ 1.08 .45 
K20. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 12 2. 52 . 64 • 22 . . . . . . . . . . . . 12. 38 . 02 
H20-.................................................... ..06

56 
.. 3
53
3 .. 3G3

2 
............ .42. .. 2G4

1
} .l7 H20+.................................................... . ...................... . 

'l'i02 .............................................. :....... . 6G . 64 . 29 . . . . . . . . . . . . . . . . . . . . . . . . . 53 ........... . 
C02 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . None. 3. 40 3. 68 44. 07 ................................... . 
P206······················································ .28 .27 .07 ............ ............ .13 ........... . 
SOa ...... :................................................ . . . . . . . . . . . . . . . . . . . . . . . . Trace. . ............................................ _ .. 
s .......... -... -.-.- ... -.... -.... -.-.-.-.----.- .. -... --- .. - . 02 .................. -..... . 06 ........ -.- ... -- ................. - .. 
MnO...................................................... .17 .40 .. 62 .03 ................................... . 
BaO...................................................... . 07 .................................... , ............................... _. _. 
SrO.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 05 ....................................................................... . 
FeS2 ................................................... ·- . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
MoS2 ....................... - ....... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 ........................................................... . 

100.44 99.70 99.71 100.22 99.G5 100.1i 100.47 

1 to 6 are analyses of rock from Jumbo No.4 claim. Analysts: 1, 4, George Steiger; 2, 3, R. C. Wells; 5, W. T. Schaller; 6, Chase Palmer. 
7 is a published analysis (Dana, E. S., System of mineralogy, 6th ed., p. 359, 1892) of a diopside at a diorite limestone contact at De Kalb, N.Y. 

The analyses indicate that in order to derive a considerable part of the contact rock from 
the limestone by the 'development of such minerals as are abundant in the contact rock it would 
be necessary to add much silica, considerable ferric oxide, and some alumina, and to subtract 
a corresponding quantity of lime and carbon dioxide. It is assumed that solutions passing 
from the cooling intrusive rock performed these changes. Th~ analysis of the altered diorite 
shows that it has lost such constituents as have been gained by the limestone and that it has 
gained much lime and carbon dioxide, constituents that the limestone has lost. 

A specimen of the altered diorite at the contact with diopside-garnet-calcite rock had lost 
all its free quartz and most of its plagioclase, and in place of these it contained abundant calcite, 
considerable garnet, and much diopside. Its orthoclase was still present in nominal amount. 
Small patches of molybdenite accompanied the calcite. The molybdenite had clearly been 
introduced, for it was abundant in the adjacent contact rock. If this rock had lost orthoclase 
and had gained a little more garnet it could not be distinguished from the contact rock developed 
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fi'0111 the limestone. The analyses of the diorite, altered diorite, and contact rock show: clearly. 
that by subtracting the elements of the alkali feldspar-silica, alumina, and alkali-and adding 
the constituents of the limestone and of garnet the diorite could be transformed into the contact 
rock. 1'he less altered diorite in places shows little change except the replacement ofplagioclase 
by scapolite and the introduction of calcite. 

Irregular veinlike bodies, which are generally the latest phase of the contact rock, vary 
in composition from pure garnet and nearly pure diopside to mixtures of orthoclase, calcite, 
and epidote, with or without diopside and garnet. A specimen from the Sultana ch1.im si!fiu­
lates very perfectly the. texture of coarse diabase. It contains long, lathlike intersecting 
crystals of nearly colorless diopsi~e in a matrix of dar~ garnet and calcite in small amount in 
place of the garnet, suggesting that the diopside developed in limestone and that the garnet 
replaced 1 this limestone. The abundance of orthoclase unassociated with quartz is especially 
noteworthy. It occurs in very irregular branching masses a few inches wide, generally pink 
in color and very fine grained, even under the microscope, and consisting of orthoclase and cal­
cite and masses of more coarsely crystalline epidote or diopside. These masses are probably 
closely related in origin to the syenitic form of tp.e diorite, described as diopside-orthoclasite, 
an analysis of which is given in the table on page 40 (analysis 6). 

Tremolite and diopside are found along the contact of the intrusive rock with massive· 
limestone; wollastonite n.ppears near the shaly limestones and is accompanied by much garnet 
and little or no diopside. The panels of garnet are sharply separated from the bands of wollaston­
ite, the garnet probably occupying the pla.ce of shaly bands and the wollastonite that of the 
purer limestone. 'fhe absence of both tremolite and diopside nea.r the shaly limestone is prob­
n,bly due to its lack of magnesia. Both these minerals .are calcium-magnesium silicates, but 
wollastonite is u. calcitnn silicate. 

·,rhe contact rock is richer than either of the rocks inclosing it in ferric oxide, which is abun­
dantly present in the garnet, and must have been introduced by the solutions that caused the 
contact !netamorphism and the deposition of the ores. 

The analysis of the contact rock in the contact deposits on Kasaan Peninsula does not show 
a great change in composition (see analysis, p. 83) because of the similarity in composition of the 
intrusive diorite and the intruded graywackes. The ore bodies, however, show that the copper 
nnd iron oxides and sulphides were introduced by the mineral-bearing. solutions. 

DEVEI;.OPMENT OF THE ORE MINERALS. 

The ore minerals occur chiefly near the limestone contact. With garnet ~nd diopside, 
pyrrhotite _and chalcopyrite. are locally .abundant in the. recrystallized limestone. These ore 
minerals ramify in n. meshlike structure. through the calcite that incloses the diopside a_nd 
garnet, and, in plo.ces, the amphibole .. Finely outlined crystals of diopside are scatter.ed thickly 
through the ore at some places in precisely the same manner as in the limestone. In other places, 
as at the Sultana claim, the ore occurs in parting and cleavage planes in shattered crystals of 
cliopside n.nd in veinlets of garnet. In a specimen from the Jumbo No. 4 claim the garnets 
that occur in the compact li1nestone of the wall rock are surrounded by thin shells of chal-
copyrite. · 

Chn.lcopyrite occurs sparingly in the altered diorite in close association with calcite, which 
has been introduced into the diorite. Chalcopyrite and pyrrhotite are irregularly distributed 
in veinlike mnsses through that part of the contact zone which consists largely of garnet, 
diopside, orthoclase, calcite, and epidote. As developed in the contact rock this ore repln.ces 
calcite but not to n.ny notable extent the other minerals. 

In certnin plnces the sulphide ores occur in distinct veins in the. contn.ct zone associated 
with epidote, quartz, orthoclase, cn.lc.ite, a dark amphibole, magnetite, n.nd, to less extent, diop-
side ~nd garnet·. · 

1 'l'ho term" replacement" is used in this report in its broadest sense, meaning "taking the place of," without implying that solution and deposi­
tion have been prnctically simultaneous. However, the microscopic evidence that the plagiocloso of the diorite altered directly to scapolitc is as 
clear os could bo desired. 
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PROGRESS OF MINERALIZATION. 

The following view of the progress of mineralization in the contact zones is favored by the 
evidence. In the limestone tremolite (or wollastonite) and diopside were formed by the intro­
duction of silica; later, and in part contemporaneously, garnet was formed by the combination 
of the lime (already present) with silica, ferric iron, and alumina, introduced by solution. 
While the quartz and feldspars were being removed from the diorite calcite, garnet, and pyroxene 
(diopside) were added. Afterward chalcopyrite and pyrrhotite replaced part of the calcite in 
the contact zone without notably affecting the· other minerals. Later the fissures, which prob­
ably held the solutions during the period of active metamorphism; were filled with pyrite, 
chalcopyrite, magnetite, and the other minerals above enumerated. Finally upon the older 
veiri minerals were deposited ·notably zeolite and calcite. 

PROBABLE LIMITS OF TEMPERATURE. 

The probable limits of temperature between which contact metamorphism took place 
can not be very closely determined. Wollastonite, which, for reasons already stated, appears 
to have been ·one of the first minerals formed in the contact zone, can not exist above 1190° C.1 

·The garnet, some of which probably formed almost contemporaneously with the wollastonite, 
is a variety having distinct double refraction. Experiments made with this garnet by Dr. 
Merwin at the Geophysical Laboratory of the Carnegie Institution ofWashington show that it 
loses its birefringence after it has been heated for a few hours at about 800° C., and does not 
regain it after several hours heating at 600° C. This fact indicates that most of the meta-. 
morphism took"place at temperatures lower than 800° C. 

Quartz occurs in the contact zone only in veins .. Tests made on some of this vein quartz 
by F. E. Wright, according to the method described by Wright and Larsen/ indicated that it 
was formed at temperatures below 575° c~ The vein quartz w~s formed, however, during the 
last stages of metamorphic. activity. 

1 Allen, E. T., and \Vhite, W. R., On wollastonite and pseudowollastonite: Am. Jour. Sci., 4th ser., vol. 21, p. 89, 1906. 
2 Wrieht. F. E., and Larsen, E. S., Quartz as a geologic thermometer: Idem, vol. 27, pp. 421-447, 1906. 
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