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GONTACT METAMORPHISM OF THE ROCKS IN THE PEND OBEILLE DISTMG"’I‘
NORTHERN IDAHO :

i

By Josxrin L. Girrsow.

ARBYRACT

In the Pend Oreille district, Idaho, a seotion of sediments,
part belonging to the Belt series, of Algonkian age, and part
té6 the Cambrian system, was intruded and intensely meta-
niorphosed by granodiorites of late Mesozoic or early Tertiary
sge. This metamorphism proceeded in three overlapping
stages. During the intrusion of the igneous rocks a general
réorystallization of the sediments took pleice, the silicedus
rocks changing to adinoles near the contacts and to plagio-
olasé-bearing rocks at greater distances and the limestohes
tarning t6 marbles. Later, during the orystallization of the
granodiorftes, emanations carrying the so-called inineralisers
were given off in quantity and formed high-temperature
siflicates in the sediments. Still later, sfter the igheous rocks
hed solidified and the temperaturé of the masses had become
ldwer, sericite, chlorite, serpentine, magnetite, and sulphides
were formed by replacement of the earlfer minerals. Although
m&humsls were found in the cgntact gones, thore than
50 ininersls common to such. sones were identified:

LOCATION AND GENERAL rGEOLOGY

The Pend Oreille silver-mining district lies in
Bonner County, in the panhandle of Idaho, and is
adjacent to the south arin of Pend Oteille Lake, s
large body of water lying in a tremendous glacier-cut
trough. (See fig. 16.) An ares about 15 miles wide
and 20 miles long was studied by a party of the
United States Geological Survey under Edward
Sampson in the summers of 1921, 1922, and 1924,
and in the support of this study the Idaho State
Bureau of Mines and Geology kindly cooperated.!

The district is underlain by sediments of Algonkian
age (the Belt series) and Cambrian age intruded by
igneous rocks, the largest masses of which, at least,
are of late Mesozoic or early Tertiary age. These
igneous rocks, which crop out over about one-fifth of
the land area, have already been described by the
writer.?

The surface character of a part of the district and
some of the geologic features are shown in Figure 17.

1 Sampeon, Edward, Geology and stiver-ore depusits of the Pend Oreéilis dis-
triot, Idaho: Idsho Bur. Mines and Geology Pamph, 81, 1038,

3 Gilison, J. L., Granodiorites in the Pend Oreiflo distriét of notthers Idaho:
Jour. Geology, vot, 85, pp. 1-81, 1997,
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panied by metamorphism so intense that in few 11
are the sediments free from its effects. The stuly.

the rocks of the district hag shown that the
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that conditions progressively changed during tbﬂ &
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calcareous rocks, and the difference indicates that the
primary character of the sediments was an important
factor in the metamorphism. Furthermore, consid-
erable material was introduced during all three stages
of the metamorphism.

THE ROCKS PRIOR TO METAMORPHISM

The'seetion of Belt tboks in the Pédd Orbille distriot:
is similar to that in the near-by Coeur d’Alenéd district,”
des¢ribed by Ransome and Calkins® The Pend
Oreille section differs principally from that in the Coeur
d’Alene district in that the rocks at the horizens.of the :
Revett and St. Regis formations—that is, the rocks
underlying the Wallace formation and overlying the
Burke formation—are moté silicedtis, and a new name,
Bla{:k.t;ul formgmon, has been given to them. The

k‘}' it
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to be of algal origin. 'The Striped Peak, the uppermost
formation of the series, is also locally calcarmous.

Belt sediments.—The beds of the lowest formation,
the Prichard, consist of dark-colored arpillite and
grayish quartzite. Some beds of the quartzite are
fairly coarse grained Many of the beds are closely
laminated, owing to frequent alternations of sand and

‘mad in: depdél’tmn ~ I brdiflbckobly lafer ¢ drdl Ghin,

‘black, and’in many places very closely spac~d.

The Burke formation, which overlies the Prichard,
congists of thin layers of medium-gray fine-grained
light-weathering quartzite interbedded with dark-gray
siliceous argillite, the bedding surfaces of which are
micaceous, are either green or nearly tlack, and
exhibit conspicuous mud-cracks. Some of the quartz- .
itehasa dlstmctly bluish tint on fresh fr&ctm’g.. Some
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Belt, rocks are chiefly argillites and guartzxte&of.great beds are J4) f.gd,oﬁhgrs &r@ not Son;eth, pli masses:
thickness, and the strata differ only in color and in the | of efvy-bedded Hgﬁ Ul‘@d aruzity als OCEUF.,
proportions _of argillaceous and siliceous material. The. lo"Wer‘pm of the iBlo,eki":.a,ll f iﬂn, whlch

They are affected by load metamorphism, and where
not contact-metamorphosed they consist almost en-
tirely of quartz and white mica. Under the micro-
scope the quartz grains appear detrital and each is
surrounded by a film of finely divided mica. In the
more argillaceous beds the mica flakes are very abun-
dant-and tend toward a general orientation with their
flat sides parallel to the bedding. The rocks are almost
everywhere devoid of flow cleavage and preserve such
sedimentary features as ripple marks, cross-bedding,
mitid cracks; clay galls, and rarely casts of salt erystals.
The Whllace formation, which overlies the Blacktail,
differs from the rest of the series in that it ‘contains
almost throughout a considerable @mount of ‘calcite,
whmh is present in very peculmr structures, cohsxdered

3Ransome, F L and Calkins, F C Geology and ore deposits of the C-oeur
& Alene districﬁ Id.aho U. 8. Geol. Survey Prof. Paper 62, pp. 29—44, 1908,

overlies the Burke,. is dommn,n tiy ‘a’ verv masslve
bluish-gray quartzite that. Was.ﬁfxers pearly I;Iack q,hd‘
breaks into large rectangular blocks: .0 ” '
faces across the bedﬂing. dlscoigﬁ‘;xmqﬁé %» il

purphsh bands occur abund nt in some beﬁa, TR

absent in ;others. - h(e‘q, sddin sm;fsqiﬁl oy tf{ﬁﬁf

sha]y par{gngs p%é o, ,: n, Histr DJIS | ; "’cim-
spmuously mudpi-ackeﬁ o an ppf?h‘ID X “Thé.
3 t‘ii ’ 2(; (f‘wv“’

pper pqrt pf f.hg for: tzqn more argil \a“e?u and

he purple ‘shaly partmgs are closely spaced.” ﬁany
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lagl:rg of the upg zg‘ rt are green | but do ﬁot er

“TThe lithology of ﬂhé éuccee(ﬁng Wallace ‘forimation
is varied, but two features appear in so meny .of the
beds that its identification was usually sfmple The
argillaceous partings of thin-bedded quartrite.expose:
a bedding surface of lustrous black, on which are con~
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CONTACT METAMOREEISM - OF ROCKS IN FEND OREILLE DISTEBICK, NORTHERN IDAHO

spicuous. mud cracks. Also, the peculiar structures of
calcite above mentioned ave especially diagnostic.
The calcite masges are fine grained, and most of them
are elongated in two directions at right angles. The
vertical eross section is the most striking. It shows a
peculiar wavy band from, 0.5 to 4 millimeters wide and
from 0.5 to 6 centimeters. high. Some cross sections
resemble. a question mark, into which a few extra
crooks have been put. Owing to the more rapid solu-
tion of the calcite these structures are represented on
weathered surfaces by cavities, and by them the
formation was generally distinguished. (See pl. 15.)
These calcite masses modified the metamorphism to a
different type from that prevailing in the surrounding
" noncalcareous materials, and in intensely metamor-
phosed beds they were seen as pseudomorphs. Argil-
laceous beds of the Wallace are black on fresh fracture
but weather buff. A flinty green argillite is found at
the bottom of the formation, and at the top the beds
are closely laminated, similarly to those in the Striped
Peak formation.

The Striped Peak, the top formation in the Belt
series in the Pend Oreille district, is a thin-bedded fissile
dark-gray argillite with interbedded white quartzite.
Brick-red is the predominant color on exposed surfaces.
Mud cracks and ripple marks, few of which are more
than a centimeter in width, are conspicuous on the
beds. The intercalation of many thin argillite and
quartzite layers, 15 or 20 to the inch, is & characteristic
feature of the formation. A considerabla thickness of
the Striped Peak differs, however, from the main type
and is an aminated olive-drab graywacke. At
least at one horizon the upper part of the formation
contains irregular masses of calcite similar to those in
the Wallace.

Cambrian sédiments.—The Cambrian rocks com-
prise a8 massive conglomeratic quartzite, a thin-bedded
friable shale, locally fossiliferous, and a thick limestone
with several ies, fossiliferous at some horizons.
The quartzite probably corresponds to the Flathead
guartzite of Mantana; the shale contains a small fauna
of Middle Cambrian age. The fossily.of one stratum
of the limestone correspond with those.ef the Langston
limestone of the Blacksmith Fork section in Utah, and
a shale in the limestone may be correlated with the
Spence shale member of the Ute limestone of Utah.*

THE METAMORPHISM -
GENERAL FEATURES

Each sedimentary formation was found to be pro-
foundly metamorphosed somewhere in the distriet,
and each was |nearly everywhere slightly metamor-
phosed. The zones of intense metamorphism, in
which complete recrystallization had taken place with
an almost total elimination of sedimentary characters,

" ¢-Waleott, C. D., Bmithsonian Misc, Coll., vol. 83, pp. 191, 197, 1908,
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are relativaly small, fewoheing wiore than 200 y~uds.
wide on thesurfaced; Mamannization of the limestros,
however,.. was!'thore -widespread, and at.some: pl*ces
marbles oceurwithout near-byexposures of igneouds~eli
The metamorphism of the Prichiard, the.Burke,-the = -
Blacktail, the noncalcareous part of the Striped F <k,
and the Cambrian’ quartzithis 'so' similar as t0 98 ire.
no separate descriftion! ™ The- metamorphosad eale’
careous .rocks centain. many festures in.egmron,
although, the Wallage and the. calcareous parbipf.the
Striped Peak, being dominantly. argillaceous,; . q'an
from the met&mogphcg gtgd.uct of. ,the, purer Camk an
limestone. tiea
The igneous rocks t-h&t esusod ;he exome:ph;g of
the sediments are in ¢, place seversly endoporph ved.
In a narrow zope close to.the walla.the intrysive.gr-ng-
diorite contains mpscovite and: has.been rather in-
tensely affected by sericitization; and chloritizetion
accompanied by the formation of eqns;derabla ag-
netite. Locally molybdemxe and ,other ﬁﬁli)h*d%

formed in the endomorphic zone. e
nnmxonrm: of xdxcuemous nécu‘
Gmmm mu'tfm T

The more intense metamorphxsm of the nor-al-
careous rocks has visibly changed them. They are
commonly spotted, and crystals of bibtite and my®eo-
vite a millimeter in diameter can be distinguis“sd..
The more argxllaceeus beds have becoms niore resistant
to erosion and makd'bold outerops.  The midtodcops
shows that the old fabie of texture and structyre h&s
been very largely preserved but the quartz &nd ﬁ“ely
divided white mica havé been replaced by oligociase-
albite with or without quartz. The feldspar eryitals
are of the same sizé ‘as the formef quartz grains and
make a mosaic of mterlochng anhedral greins.
Irregularly distributed in this fabric are crystal> of
biotite, andalusite, tourma.lme, apatite, 'zircon, and
iron-rich chlerite and muscovite, most of which' ars of
anhedral form and ‘in general much ‘ldrger thdh the
quartz and feldspar. All were formed v 1t veprard
to the boundaries of the feldspar and’ qu&rtz and ate
clearly replacemerits of those minerals. ~Laten’ ﬁnely
divided sericite and chlorite were depositad By replacg—
ment of all these other nnnerals and Iast of ‘all mag"iea-
ite, pyrite, and’ pyrrhotlte were ﬁorméa m the sém*ctte

and chlorite. “ e ene

There were thus three rather well~deﬁhetf ‘pei'ioo" eof.
mineral formation—first a period of recryaﬁamutmn
and substitution of a sodic plagloc)ase for. the r~ica
and soma of the quartz, later a period of fornihhm of
high-temperature silicates, ‘and finally “a périoc of
sericitization with ﬁle formation' of magneti% a&id
sulphides.

Farther from the contact the’ chinges thd't’ et
on inthe rocks differ only in degree from those ;mse ~

P
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described. The sodic plagioclase is present in sub-
ordinate amounts, and most of the interstitial mica
of the load metamorphism remains. The biotite and
iron-rich chlorite are present in small quantities, but
meagnetite and sulphides. are more rare.

UNEQUAL DEVELOPMENT OF THE S8TAGES OF
METAMORPHISM

The moderately metamerphosed rocks were not in
general affected equally by the three stages of meta-
morphism. For example, a bed of white quartzite in
the Wallace formation exposed on the shoulder of the
spur on the north side of Dry Fork, near the mouth
of Fleming Fork, was entirely recrystallized to an
allotriomorphic aggregate of quartz and albite-oligo-
clase, the average grain size of which is about 0.05
millimeter. A few minute tourmaline prisms are seen
in thin section, but there is no biotite, chlorite, sericite,
or magnetite. Thus the rock was strongly affected
by the first stage of metamorphism but hardly at all
by the later stages.

Many other examples of this unequal development
of the metamorphism could be given. The beds in
Maiden Rock belong to the Blacktail formation and
were recrystallized during the first stage, with the
formation of much feldspar, but only a few rhombs
of a late carbonate resulted at a later stage. The
Blacktail beds at the summit of Chilco Mountain were
not at all affected by the first stage, but biotite and
tourmaline are abundant in them as replacement
minerals. The Burke quartzite in the tunnel of the
Phil Sheridan mine, on the north side of Granite
Creek near its mouth, and in contact with the Granite
Creek granodiorite at the lake shore, a short distance
north of the mouth of the creek, was intensively
metamorphosed only during the third stage of meta-

.morphism. It contains pea-sized aggregates of late
sericite, with chlorite, magnetite, pyrite, pyrrhotite,
and some calcite. Only a little feldspar, biotite,
apatite, and zircon were formed in earlier stages. At
wpomt on the west side of the Chilco Mountain ridge
the Blacktail quartzite was found to have been in-
tensively metamorphosed during the third stage, so

that the earlier metamorphic minerals, once rather |

abundant, were almost completely eliminated. This
lack of relation of the stages of metamorphism affords
one of the best proofs that the metamorphism took
place in stages.

DISTRIBUTION OF MICROSCOPIC METAMOEPKISM

Examples of beds that had not been metamorphosed
were sought with care, in order to eompare the entirely

unmetamorphosed phases of each formation with the |

metamorphosed phases. During the early part of the
field work it was not realized how widespread the
metamorphism is, for except near the contacts of the
igneous rocks the sediments are not visibly: contact

i
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metamorphoséd:. "When thin seetiors of recks supe
posed to be unmetamorphosed were txamined, it was
found that the sodic plagiociasey %!W‘QM and
minute prisms oitourmmmaf almiest Gtidversal
occurrence. Study showed, &om thatt e hiin-
erals were Bot of detrital origit, sior were. thev fupniad
by regional load metamorpliisny. - Wiiese.4l v oecs
the clastic texture of the reock “has been'semewkat
obliterated, whereas in the récks of the mor« typieal
clastic character these minerals are absent:  Detrital
feldspar occurs in some beds, but thegr&ma‘ ArE o
rounded by a film of sericitic material. The sodie
plagioclase occurs as fresh glassy erystals that interlock
with one another or with the quartz. Foils ¢¢ detrital
biotite were found interstitially between elastie quarts
grains; the metamorphic biotite has repl~ced the
quartz gra.ms, and & great many are larger than the
average grain size of the rock. The tourmali~e prisms
have likewise replaced adjacent quartz grains. The
tourmaline is remarkably mdespread being present a8
almost every point where specimens were eollected.
Calkins ® found this universal distribution’in the rocks
of the Coeur d’Alene district, and he also einsidered
it to be of metasomatic origin. Tourmaline was net
found in rocks showing no other effects of metmnoré
phism but was invariably aecompanied by fe!&spa.r
and biotite.

Proof that these minerals were nob fo*med by
recrystallization in the ecourse of the load metamor-
phism that turned the old sediments into argillites
and quartzites is afforded by the fact thaf Buch
sericitic quartzites or siliceous azrgxll;tﬁs we“e s’hown;
by analysis to be low in soda, irom, and ™Magnesia.
Furthermore, so ubiquitous & distribution’of tour-
maline, if it was formed by recrystallizati“n of an
earlier detrital generation of tourmaline, denvands the
ultimate source to have been a'metamorphin terrane,
from which other metasvorphic thinerals shonld have
been earried in with the ourmaline. No suck tninérels
have been found as detsital or' re&ystsmzed gréins in
the rocks of the Belt series. The téurmal'ne must

 therefore iidicate that @eous ﬁuﬁbm have pme&
‘ t&!rmigh th!!ﬂ ﬁt} ﬁ! i

MWWM&BMM bicta;%,febdu
gpar, etc., mww ﬁﬁewﬁmafm&uiwm
mgratingfmmthektmﬁgnﬁoéioﬂbek‘aﬂ’orded

by the increasing f the identical varieties

' of these minerals found m‘t’he'm %eds toward -the

igneous contacts. - -
. Another mineral, rathir.. Maapmed in the. Belt

‘ rocks and also belisved to- have been formed by selun
- tions fram the igneous. meuvce, is & carbcvate. A

varioty of ankerite.was found to be the mest abundant
species, and- the Thombie form the most:eharactetistin
of the eccurrences. 'The carbonate was found in every

s Ransome, ¥. 1, spd Calkins, ¥. C., The geelogy and oge doposi « of the Coeme
&' AJene distrios, Jdahe: U. 8. Gedl. §urvey Prof. Paper 62, p. 101, 108,
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Belt formation except the Bﬁﬂm #nd i3 'most abundant

it the Wallsos and in: the Oainbrian:limestone. Be-

cause of the greater abundatiée in originally ¢aleareous
rocks it is probable that most of the carbon dioxide
was derived from the sediment ftself. As there was
no apparent change in volume, some introduction of
. 0Oy, Fe, and Mg must be supposed to make ankerite
from caleite.

EXAMPLES OF INTENSE METAMORPHISM OF
cmnovs ROCKS

‘ G’ontact of Prichard .argillite with Gramiie Creek
granadiorite—The igneous eontact is sharply exposed
on the sast shore of the lake north of Granite Point.
The well-defined bedding of the sedimentary rock is
obliterated for approximately 100 feet, and the horn-
fols is cut by meny quartz veins. For 25 feet from the
contact the rock is a dense sggregate of quartz and
albite but contains also biotite, zircon, apatite, and
ilmenite. - The albite decreases in abundance away
from the contact.

Chemical analyses of the adinole at the contact and
of a sample of the argillite collected at some distance
from it definitely prove that an increase in poda and a

NONCAL~

loss in potash tfook place during matsmorphism.‘

There was also an unmistakable increase im iron,
phosphorus, and zirconia and probn,bly in lime,
magnesia, and titanium.
Analyses of metamorphosed Prichurd argillite
' [J. G. Fairchild, Analyst]

Blightly
Oonm:kact mhetamor:
| “phosed
8ilica 66.95 69,08
Alumina__ 15.42 15,01
Ferrio oxide. .63 L2
Ferrous oxide. itl)ﬁl? ?(1;
8 X 3
nge_.. - , 82 None.
%ods N 8.57 %gg
'otash 3
- g 196 Lo8
‘Titanium oxide 1.00 .75
Carbon dioxide........ Noae. None,
Phoaphorus pentoxide No: 30 %race
....... one. one,
Fluorine. None. None,
M oxide. .05 :
Zirconium oxide. .07 5,03
99.77 98,78
© Contains ¢ carbon, probably graphit
b Accuracy of the zirconfutn Mrmmaﬁgn

by Mr. Pairchifid to be 0.005.

Contacts of Granite Creek granodiorite with Blacktail
guartzite—A contact of Blacktail quartzite with the
Granite Creek granodiorite is well exposed on the
east side of the lake mear the mouth of Fall Creek.
The sediment near the contaet is spotted with black
knots of bietite 1 to 2 millimeters in diameter or is
streaked and mottled with biotite and muscovite
aggregates. The igneous rock contains visible crystels
of muscovite and is seen under. the microscope to have
been also sericitized and enriched in magnetite.

"‘. ? h i”&a o
g ,fffmgrﬁmm&ﬂﬂaﬁ

oligoclase grains and ¢
0.08 to Gﬂ?&?ﬁiﬁm@ﬂbﬂm ‘except exacH  at
the contact, ‘whitrs -they 4re:twice this swa.%ﬁﬂ

placing this gmumlmmmhrgm' quartz graisiy
abundant irregularly sheped’grains of biotite, E’é%
vite, and andslusite; muﬂyﬂmch are seversfti’
as lsrge as those of the groundmass.: Much ‘of ‘thé ~
anda}umte is partly ﬂﬁemi 0 a’ﬁnely divida&m%
and mnmw&ddymtmﬁmeherdeﬁ“w**&
rons of magnetite and: fimenits, about 0.08 rulilivd e
in diameter and dissemisiated in the tiodt Fendom
manner, were certainly the latest minersls to fokf !
Ontheweetyslmbi(}hﬂwh&omtmﬁﬁasm
formation is in contact with the Béyview batho'*eh|
but exposures are poor. The rock was recrystall ~d -
to an aggregate of quartz, microcline, ‘and subordir-ate
oligoclase-albite, with Httle inevense in-tizs of gﬁiu
Later larger crystals of niunsdovite, quartz, biotite,’
andalusite formaed, meny of the grains of ‘which ke
more than amﬁiimeberi&diamam -Minute exyi“als

.of zircon and: blebs of &it unidentified mineral having

about the refractive indices ‘and birefringence  of
pyroxens are abundant, . Many of" the sndalé*ts
grains are poikilitic, resembling o graphic intetgptvth
with quartz. - In the later stages of the metemorpliam
the biotite was altered to chlorite with the separation
of rutile needles, making sagenitic structures; the
sndalusite and feldspar were saricitized. - In .areny
of the large crystals  of muscovité wery peerliar
spherulites of sericite formed, tha individual: needles
of which are hairlike, and many are as. ieng a8 8.2
millimeter.

Intensely maamwrpkomi ,&np«i Peak jomwm‘« di
Cape Horn.—Metamorphosed beds .of: the. Stfi~ed
Peak formation eceur 1,700 to, 2,000 feet above the
lake on the south side:of Cape Hom. The chavao-
teristic banding of the formation (as seen in sect’on)
is preserved, and the rock splita fairly well along the
bedding. The dark bands: are rusty brown; the 1'~hé
ones yellow-brown. Some. of: the light bands ate
marked with dark spots. . The microscope shows that
the three stages of msetamorphism are well indicatad.
The groundmass consists of interlocking graing .of
quartz, micmanﬁ, M"L&]bim&gwim, iniﬁhiﬁh
larger and very irregulay shaped erystals: of sbio*isie,
muscovite, and tourmaline had developed.:at.s 1-tar
time. Small crystals of zircon: and apatite sse sc~edr
sory constituents of the second stage. of:mstar-or--
phism. Msgnetite, sericite, and chlorita formad Jiter,
as is indicated by the oross-cutting of the graing anid
the replacement by them -of . biotite and  felds~p,

"The amount of feldspar that had formed during the

early period was relstively less than in.other simil vy
severely metamorphosed :rocks.. '}?he tourmaline is

¥
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more abundant and occurs in larger grains than were
found elsewhere in the district.
Contact of Cambrian quarizite with Bayview grano-
_ giorite—A contact of the Cambrian quartzite with the
granodiorite is exposed in the field east of the summer
residence known as Dromgare, northeast of Bayview.
The sediment at the contact is a gray rock flecked with
minute biotite scales and having an average grain size
of 0.5 millimeter. In placesitis faintly banded. The
same sequence of metamorphism is indicated as in
other ¢ontact zones. There was an early crystallization
of albite-oligoclase with the quartz, forming an inter-
locking groundmass, the grains .of which average
* about 0.1 millimeter in diameter. The feldspar is not
uniformly distributed, meking solid masses in some
parts of the thin sections, and being absent from other
parts. Biotite, muscovite, andalusite, and tourmaline
fermed abundantly; the tourmaline is found in small
grains, the others in large ones. Many of the biotite
foils contain zircon crystals surrounded by pleochroic
halos, and many foils are also altered to thuringite,
with the separation of rutile needles. Sericitization
.had been intense and widespread, attacking most suc-
cessfully the feldspar and andslusite. Magnetite and

ilmenite are also abundant; many of the grains of the -

ilmenite are partly altered to leucoxene.
METAMORPHISM OF CALCAREOUS ROCKS
GENERAL FEATURES

The mineralogy of the metamorphosed Wallace for-
mation and of the Cambrian limestone is so strikingly
different from that of the rocks above described that it
indicates the importance of the original character of
the rock in determining the nature of the minerals
formed by metamorphism. Albite, andalusite, a

~biotite with very high index of refraction, tourmaline,

and thuringite are characteristic of the metamorphism
of the noncalcareous sediments, but in those in which
calcite was originally present garnet, diopside, a
magnesian biotite, amphibole, epidote, and titanite are
abundantly developed, and scapolite, vesuvianite,
olivine, chondrodite, topaz,” and fluorite were found
in a few places. On the other hand, zircon, quartz,
apatite, sericite, chlorite, magnetite, and sulphides
occur in both kinds of rock.

There were two distinct processes in the metamor-
phism of the calcareous rocks, and like the stages of
metamorphism in the noncalcareous sediments the
degree of development of one is more or less inde-
pendent of the other. There was first marmarization
of the limestones on a large scale, which eliminated
the bedding and the carbonaceous material. Later
came the introduction of material from the igneous
rock, which formed the contact silicates above men-
tioned. This second process is conveniently divided
into two stages on a rough basis of temperature, with

- BHORTER CONTRIBUTIONS TO GENERAL GEOLOG¥; 1829 . |

sericite and chlorite .marking the, beginning of ; the
later stage. There were thus: three.sfages s lso in the
metamorphism of the galearsousmpeks, .- o5 . or-

Cho Feum cads elds o M8

EXAMPLES OF XQEWGBEWv%ﬁMMQW

Metamorphosed Wallace formitionThe xR ‘
the west shoré of the lake; W@man&%

under the Three Sisters, is all metamorph “hed, bit
through much of this distance the exposures t of
the Blacktail formation. Farther north are ;ound
greenish and white quartmte beds, characteristio of
the metamorphosed Wallacs, the- rdentlty o® which is
established by the presence of ‘the" typzea!*mw‘ﬂ:
shown in section, which prior-t6 meﬁamerishlsm €0tk
sisted of calcite structures” of orgamic orivin.’ ‘Ihb
grains are very small, and the tock hasa subeonchoidal
fracture. The green bands consist of a' pale-green
amphibole; the white bands are either of q*taﬁzﬁ gnd
feldspar, quartz and scapolite, or dlopsiée, which it
some beds makes ne&rly solid masses. Zoisi‘e, biotite,
grossularite, titanite, zircon, apatite, and muscowte
are accessory minerals.

The climb up the east side of Bemard Nak from 4
West Gold Creek, at the south end: of the Jake, gives
another instructive section of metamorphau*i Wallace
beds, there present as a capping over the Bayviéw
granodiorite, which is exposed almost to the top of the
tremendous cliff that rises abruptly from the dhore.
The same rock is also seen in the gap between Bernard
Peak and Chilco Mountain. This rock is massive,
is marked with white or white and green bands, and is
notably heavy from the abundance of heav: silicates.
The grain, however, is so fine that no minerels can be
recognized with the hand lens. The miner<l content
is about the same as that of the roek- along the ghore
under the Three Sisters, consisting of quart~. feldspas
(both microcline and alb:te), diopside, zoisite, garnet;
titanite, zircon, apatite, caleite, and magnetite. The
pyroxens and amphiboles are distinctly later than'the
feif%spar ’I‘atdmte is very abundant in som«; beiéﬁﬁat
oectrs in ‘m - A pale-brown biotite: W
up‘se}memﬁsfm beds but is entir-ly #b
from others.

_Another area of mmaly metamorphosed rocks is
on the. slope. east.of thid Béwer niing, near the ivide
separating Chloride Gulch from the tributaries of the
North Fork of Coeut @Alenes River,'dt the south’ ‘edge
of the district: “Nd'ignebub Focks 'are diposed, But
minute seams of pegmdtxia wafe* f"ouﬁd
quartZ, potash, feldspar; “epidote," and “Yoagifetits.
Beds atan altibtudd of s%ef fout' diractly' §bove thd
Hewer mine’ Werd “&tdi “hg rock % 4 dénde
greenish hornfels, wﬁﬁxtmg ‘of "g‘i'bmi&mﬁs" of quaity
and microéline, iy ‘which dre numérous finely 'divided

Hebtaluias iy

' prisms of the green amphibole, accompanied’ in 1ssome
‘ beds by 8 ﬁbrmm ampﬁibole‘ of Tower refractive mdéx

.ot ’
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Zircon, titakdite, apatite, and’ magné%ibéfﬁre‘ sodttered
widely through the rock. :

In the metamorphlc area just &esonbdd buh beyond
the divide, in the North Fork drainage basin near the
Lone Hand prospect, the difference between the
minerals formed during metamorphism of calcareous
and noncalcareous beds is convincingly demonstrated.
In some laminae within a single thin section-are -quartz,
sodic plagioclase, and andalusite, with sericite -and
chlorite—the typical mineralization of the siliceous
sediment; whereas in adjacent originally calcareous
laminae are epidote, diopside, amphibole, fluorite,
titanite, and calcite. In some places the calcite forms

pseudomorphs after the amphibole. Durmg a me-
chanieal” separation’ of one unbanded specimen in
brotnoform, three-fourths of ‘the powder senk, and of
this draction 95 per cent was amphibole.

Mqtamm'phosed Cambrian limestone.—The Cam-
brian limestone is marmarized, or partly so, over large

areas, At the lime quarries near Bayview, at the old

u&rries at the head of Cocolalla Creek and near
iskey Rock, and in the headwaters of North Gold
Creek the rock is marmarized but contains few sili-
catem. The most interesting examples of more intense
metamorphism were found in an included block of
limestone on the south side of Cape Horn, in cliffs
along the east shore between South Gold Creek and
Port Rock, and at Vulcan Hill, east of Lakeview.
3&; zones have a varied mineralogy and present the;
most interest to the mmera.logxst; of all the contact
gonek in the district.
1+ Amumber of prospects for ore on Vulcan Hill have
madegood exposures of the contact of the granodlonte
aqd limestone. The sediment is & white marble in,

Bl many silicates and some ore minerals were! |

ldéhlly developed so abundantly that the rock is
entitely replaced by them. In some beds the rock is
banded green and yellow and consists principally of
garnet and augite but also contains vesuvianite,
zgydote phologopite, amphibole, fluorite, quartz,
‘s0#dite, chlorite, zeolites, magnetite, sulphides, and
ankerite. Insome closely banded shaly limestones the
effeot of alternating composition is again clearly demon-
strated. Sodic plagioclase formed in the shaly layers,
bui; at that stage of mineralization no silicate formed
in ‘the limestone beds, and the rock only recrystallized
!t874 marble. Later biotite formed in the shale, and
ghritet, diopside, and amphibolé formed in the lime-
stone. The later sericite and chlorite formed in both
without regard to the boundaries of the layers. In
one bed a considerable quantity of corundum was
f6tihd, apparently produced from the recrysﬁalhzatlon
of 4n impure bed in the limestone.

The garnet and pyroxene differ in composmmn in
adjacent beds of the limestone and indeed in the same
bed, as the garnets are zoned in some places. The
d]ﬁerence in zoned garnets, however, is slight, but in

Bt

adjacent- beds memdm&m mW' :
and diopside and sugité; ceour sé different hosis wal
In the garnet zones! ron;Cape  Hom .a. fewrnites
minerals occur in subordinate quaennty, topaz, by-.‘.!
townite, and allanité being identified microse
Some marble cliffs on the east shore of theJal
tween the mouth of South Gold Creek and Pee
also yielded additional minerals. At .the east.end of

-a little beich 100 yards south of the mouth of the

creek the rock is'a light-gray and green, partly rec-ys-
tallized but still:bedded limestone. Besides ankerite, -
scapolite, spmel,, muscovxt;m and, chlorite, equdprrble
chondrodite is present in small pele-yellow : erystals,
a few of which can be seen with & hand'lens. Farther.
southwest, beyond a fault, the rock is more thoroughly
marmarized and contains diopside, phlogopite, and
tremolite and in the more sha:ly ln;yem *sqdrcp}agmchse
and quartz.

The independencs. of m&rxtm'!mtmn and; silicate
formation was well shown at the last series of outerops.
Marble occurs without- ai}ieatea, and: sﬁmateu are found
in bedded limestone tha} is but little marmarired.
Where silicates occur in marble they indieate by their
boundary relations, so far as these can be interpreted,
that they were formed later .than the marmarization.
From these facts it is- inferved.shat the snarmarization
took place principally during the first effusion of
solutions from the “mostly of water, wi f‘h
mixed with and’ ‘water of conhate or of surface
origin, whereas the Bﬂlcates formed’ Tater after the
advance of crys tion in the lgneotts roeks had
caused a concentration of the emanatxbns ‘by ad’d ing
more material in solution.

ENDOMORPHISM/ OF THE mmss BOCKES -

The writer® has elsewhere briefly  déscribed the
endomorphism of the igneous rocks and has émmecmd
it, at least in a general way, with the'action of the sewad

0'

solutions that slowly soaked’ througl; the body of the

igneous rock and made & nmnber of postccnsohdat‘?:
changes. At few points are' the’ rocks éonspiciovily
endomorphosed, and except for soms changes visible
only under the microscops t’&e racks appear the ‘semé
at the sedimental’y contacts as élsewimm The addi’
tion of large flakes ‘'of muscovitd, #n intense sericitizas
tion and chloritization, and ﬂfemchmént of magnetite
were the endomo&'phm ‘chidhges.  The muscovite 18
not pyrogenetic,’ “f6r it has’ ‘teplaced eartier nimar**ls
If its time of iorxﬁamnn in “‘the xgneoﬁs rocks can be
fixed as oonbempurmeous with that in the ad;a.cmt
sediments, the timé of their meﬁamm-phsm in refation

to the crysta}hzatlpn of the igneous rock is mlamvely
we]l established. It Seemns to the wiiter-that the time
of crystallization of the muscovite must have been
contemporaneous isn the tvm sades of 8 Bha:rp contact

s Gillson, J, L., Gmnaﬂl«ﬂta&m the Pend Omﬁhdbmct of wﬁamltdam
Jour. Geology, vol, 35, p. 20, 1927.
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between igneous rock and sediment. 'This‘assumption
furnishes & basis for the dating of the stages of
metamorphism in the sediments.

Metamarphism of rocks in Pend Oreille district, I daha

SHORTER CONTRIBUTIONS TO GENERAL GEOLOUY;1830°

TABULAR VIEW OF THE METAMOR “ViBM.
The metamorphism of the recks in tthe:1I™ad Qvﬂie

ares can be thownm Muhrbvm w%: :

T R [T

;}II i

Stage Tgneous'rock

Noncalcareous sediments

om&mm«* :

1 | Magma molteR....ceeeeouo._
tinetion of the
feldspar

A general and uniform recrystallization,
with obliteration of the undulatory ex- R T

uartz, elimination of the TV

sericite, and the formation of more or less ’

2 | Magma orystallizing and mar-
) solid.

gin probably ments

and zircon.

Pneumatolytlc emanstions ca.rryin% the ele-
known as mineralizers
erals that formed are sndalusite, biotite,
cordierite, tourmaline, quartz, apatite,

Pneumawiyﬂc emanationd ‘caB™
n?.:ix‘t; known minmﬂiﬁl“*
@l ormed

de, gross h&m*
epi ote, veau

* paz, zircon, apatite, tre

olite.

he mine

3 | Igneousrock solid and attacked | Abyssal pneumatolytic and hydrothermal Abyssal pneumatolytic ami
by abyssal pneumatolytic emanations formed muscovite, sericite, emanations fo sevictte;
and hydrothermal emana- chlorite, magnetite (or ilmenite), pyrite, netite, p H&totmzmrs
tions. The p, grogenetm min- |  pyrrhotite, and quartz. of metallic suip 0
erals replaced by the néw lites, ankerite, and dtibnite. ~
minerals muscovite, sericite, ;

chlorite, magnetite (or 1lmen-

SUMMARY OF THE EVIDENCE THAT THE METAMOR-
PHISM WENT ON IN STAGES

1. The marmarization of the limestone and. re-
crystallization of the siliceous sediments, with the
formation of a sodic plagioclase and an elimination of
the original potash mica, preceded the formation of all
the other minerals, as shown by the mutual boundary
relations and by the uniformly widespread distribu-
tion of the minerals formed by the early processes.
The rock had been recrystallized to an allotriomorphic
aggregate of even grain, and except in zones of most
mtense metamorphism the grain size is about the same
8s it was originally.

2. The second stage is represented by minerals the
grains of many of which are much larger than those of
the first stage and clearly replace them. In the non-
caleareous sediments no order of crystallization of
minerals of the second stage can be determined, and
it is probable that they were in great part contem-
poraneous. In some of the garnet rocks, however, a
definite sequence from pyroxene to amphibole was
shown. Many of the minerals formed in the second
stage are known to require a high temperature during
their formation. The minerals are generally con-
sidered to be pneumatolytic, and many required the
so-called mineralizers for their formation. The irreg-
ular distribution of these minerals in some beds and
their grouping into spots and streaks imply that they
resulted from solutions that passed through the solid
rock with more difficulty than the first solutions.

3. The third stage is the only one ‘whose results are
to be found in both exomorphic and endomorphic

: period of formation is generally spoken
" thermal.

ite), pyrite, quartz, ore min- il
erals, and ankerite. T i \pivptad

zones, and this fact suggests that during the éi‘i':li

stages either the igneous rock‘was not yat soﬁdh,ei
it was in equilibrium with the solutions that
the metamorphism in the sediments. Tha 14
of the minerals chamctensuc of the tin‘d B4

grains. The mmerals of the third stage aﬁé
known to be late in most paragenetic pequmc& g
form at rather moderate temperatures, m&r
a8 hydm
“‘,{1 guma
4. The points above given prove that th« mel i
phism of the sediments was progreseive; bt thiffhe
atages were to some emnt independent of dtie ahAtRE)
is proved by the ‘of many places ‘wha",
products o{ one of the stages have fbme&‘;
abundantly than thops’of the oftfers, withort appasin
regard to distanse ﬁ‘@af conmta ‘I‘hua
periods must‘b;r"f 28 0 ;

published the evidence for knowing it to bo hqm*
gontact mineral and has cited several other deoUTTOrM
reported from contact zones. el

At no point were large and well-formed crystaif,
any o{ tha oentact mmem,ls found in mosf: 8P eci !% b

v . . ¥é ?:lﬁ
b i
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the grains are less than 1 iilimeter in 'diameter, | fractions; add the" iﬁ'ﬁﬁm '
hence necessarily most of the study was made under | liquids.- Thus the constanti of most of the mmw
the microscope. In addition o the examination of | were détermined from sevérsl speeimens. The ta
about 150 thin sections a considerable number of the | lation that fol!ows may be of interest.
specnnens were crushed, the grams separated inte

Minerals of the maﬁ%otamarphowd rocks of the WM dutfid, Idﬁb

Mineral Rock oocurrence _ Looality rmm ! ., Hemaks ? ;
Sulphides o
Stibuite. ... Oambrian imestone.. . W N o emamgeuas] Nosdiutkeorystalsin garpstvos™. ¢ -
can . . i . NERRT N :
© Molybdenite....| Packsaddle Mountain | McDonnah ™ No. 2 | ... »-nau] 18 andomomphased zone.
granodiorite. claim, Vulean . .
Sphalerite. .. .. Cambrian limestone.... Keno cumn, Vulesn |- emineno| Dissominsbed pery in limestone i sl
uantity, , :
Pyrrhotite. - _ . _ Allrocks. oo Genera! ____________ efm e —m——— —— mgueminwed in ;amall anheral
) ‘ grains thmh ghout mm*oz»
. roeks .
Pyrite | [ [« SO U S B e e ——— Di small - mﬂs“h
, : tkmushoutmetworphon&m%
Haloids
Fluorite. ...... Wallace formation, | Zonee of intense meta- |- - vocomnean. sene-{ Not eommon Sqen only mi-ro-
» Gu.mhrhn limeéstone. marphism. . seopleslly mﬂjmuwlquwﬁfw
Oxides
Quartz. .. ._.. All voeKS. e o General. .o eecmreeec e cmem———— U Fonnd s veiph jo
‘ ‘and 88 & Teplacemsnt
Corundum Camb limest Keno. Clai Vul Found dw wale in. 1
..... ambrian ltmestone. ... o. m, OBB oo e s ory Am
‘ Hill. specimen of an impure limestue,
Hematite_ ... Al rocks. oo e - em---| Direck forimation by contact o-~tae
morphism not proved.

Rutile_ .| .__. s 1 S General . ... e eewa! In minute quantities where fornd.
’ : ) . ot abundant in the metaran

oAl beds at b
D of ot Creci - 8

Spinel___.____. Cambrian imestone. . _| Along southesst shor® |- o cocceccmomoecuo.. Found in minute n cryshﬂ in
) ' of lake and lower thin saeﬁons of g
workings of Arcade’ . R
group, Vulean Hill
Magnetite. . _ .. All rocks. weo. . o) General. . | e One of the most widespread ml”‘er-
. als due o eontack metamo:
Ilmenite. . .o |- -.. (4 1 SRR NN L L YN R Alisociated with titaan ic*mw
' i fﬁﬁn&hxnhw ey
. 4, Onrbonates '
Caleite... ... Most of the rocks. ... Numerous places . oooo|occcccna-- e ——— Gnmm mostly in the calestrips

roeks and iz there due to simt:h
il tlan Aﬁﬂ& iﬁ %

: ngiﬂesmafwm
Dolomite.......| Wallace and Striped |..-.- LN SR Minute rhombs widwpread in the
Peak formations and ' Walk !oMoam unbaﬁli
Cambrian limestone. . . limesat
Ankerite. ... Wallace and Striped { Widespread. oo ooloeeccccneanaaaa r-waw| Parallels do!omite in oocurw*ee
Peak formations,’ . ' but|found .also in veins, On+ of -
Cambrian limestone, : the | last minerals in the mota~
and igneous rocks. m sequence, ) )
Phosphstes ' . . Cbs "L
Apatiteo - Al rO0kS o oeoeeeee In somes of intense | Biaxial in some speci- |
metamorphism. mens with & DA AR L e
Rare but does oceur |  optic angle. - [ ‘
in weakly metamor- . |
phosed rocks. ’ ;
Silleatos |
Mierocline..... All rocks but rare in | Many places. . .o | coemcann —————— 3 i miaroscopty gtring
the purely calcareous is nowhere 8o &bundani‘ as
beds of the Cam- the albﬂe—c)i; oclagse.
brian limestone. /
Albite to oligo- | All rocha except the | General .. ___________ Symmetrical extinqﬁon read, iam“'ns
- olnase albite. %e calcareous | - angles ?ﬁ fro;n 5" prine:pa.l ooutituent oi some
,‘ ds iof the Cam- to 13°, 10° ,
Syt 1 brian limestone, average,
Bytewnite.____ Cambrign limestone.._| Overlying the grano- Symmetdeﬂmimﬂm inmimpic cumuhbtm

.diorite sill on Cape angles of 40°, 8=1.50%0.
Horn, ] J . Looe et
\

ot
i
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Minerals of the contact-metamorphosed rocks of the Pend QOreslle d'ictriqg, I daha-—-anﬁnue,qi

R T i R P

Mineral Rock occurrence Locality ' Properties . .
. . RN R NS &’n};tnk 1y
g : 5. v;ﬁ;‘? Tpepe ‘i”f '}( .!‘.»;
Silicates—Continued .
Sl PR NS t 00 IS B ;f, rfif*) i
Diopside and | Only in calcareous | In all strongl%emeta— B=1.690 t01.710; color A.Iways found in sma o&huiuns.
augite. rocks. morphosed ds of from white to green..

Hornblende._ ..

Actinolite. ... ..

Pyrope, gros-
- sularite an-
dradite.

Scapolite.- ...

Vesuvianite_ ...

Lepidomelane .. .

Biotite...______
Phlogopite. _ ..
Sericite_ . ____
Cordierite..____

Tourmaline_____

Aphrosiderite__ _
Thuringite. ..

Wallace formation.__._

Metamorphosed carbon-
ate vein in old fault
zone in the Wallace
formation.

Cambrian limestone. __

Only
rocks,

in calcareous

Cambrian limestone.___

Cambrian  limestone
and Wallace forma-
tion.

Cambrian limestone___

Cambrian limestone. _ _

All noncalcareousrocks .

Calcareous rocks_ . ____

Endomorphosed igne-
ous rocks and in cal-

careous rocks.
Cambrian limestone._ _ _

Calcareous rocks ______
Cambrian limestone..__
Allrocks_____._______
B]acktaﬂ formation.___

All nonealeareous sedi-
ments.

Many beds of the non-
cal(;;areous
[« SR, ——————

Wallace formation
and Cambrian lime-
stone.

In all strongly meta~
morphosed beds.

West side of NW.
SW. Y sec.3,T. 54
R.2W.

At many pla.ces, most
conspicuously in the
cliffs along the south-
east shore.

In most strongly meta-
. morphosed beds.

At one place on the
south side of Cape
Horn.

Baptist claim, Vulean

ill; shore below
Three Sisters.
Keni:nn claim, Vulecan

Overlying sill on south
side of Cape Horn.
In all strongly meta-

morphosed zones.

Abundant in some beds
of intensely meta~
morphosed Wallace,
west shore below
Three Sisters.

Many places.. _______._

Over sill on south side
of Cape Horn.

In cliffs along south-
east shore south of
South Gold Creek.

Typical in the Wallace
on west shore below
Three Sisters.

Cliffs southeast shore of
;l&l'ﬁf and at Vulecan

North side of Cape
Horn.

General . ___________

General_..___________

B=1.635 t01.645, pleo-_
chroism weak,
slate, X nearly color-
less, ¢ A\ Z about 25°.

Strongly pleochrow in
green tints

Clear white. §=1.620,
cA\Z 15°.

Conspicuously zoned,
alternately anisotro-
pic at Vulcan Hill
n=1.700 to 1.82.
Colorless, or yellow
to deep red.

Optically 4 - - - -

o=about 1.720; pleo-
chroic in yellow tints.

[ L T

a=1.635 5-—-

1 665 F&le

near 90 }thallyﬁ‘x.
2V about 25
In nonm

b 9% I

chroism -
brown.
p=about 1.620.

chroism in p,alem

of hrown.

a-1n560 _}r—él 600th
yellow, gree
to pale yellow, 2V 0.

Identified by: oﬁﬁem'

1; leochroigm, and

i

w==1.660 to 1.670, e==
1.630to0 1.635. Pleo-
chroism from color-
less to blue, green, or
brown.

B=1.620. Optxcally +

.also —
ﬁ’*} 645».1 Qﬂﬂﬂﬂ? -

‘..u-x.-

A

In minuhe pﬁmﬁf: grains form~
ing felted masses.
a:ehls’(é—«::

Long needle-like erystalain gquarts::

Composition diffars markedly in
a.dJacent beds.

e

In microacoi)io erystsls, altefing to
serpentine.

Wernerite, found owly .in small
crystals.

Disseminated in microscopic anhe«
drons. One large erystal found.

In very minute crystals. See Am.
Mineralogist, vol. 10, pp, 187-194,
1925.

Microscopic erystals in one speci-
men of garnet rock.

In mleroscopm crystals many. eof
which: were: more or less. alieted
to finely divided m‘~a flakes.

- - S

ey
LS I

In . microscopic crystals &nd Ana-
hedrons. S 18 Lt
Rare accessory n omn sm; :

Common at the . ors locdi#y in
microscopic crystals.

[y

¥ v. widespread.

Distmguished from muscovite by
minute size of firkes-.and’ be-
,lg;nga to a later ger~ration,

: Ko in eniy w:e speacimend

‘A micmacepm canstituent in all
mod

erstely metamovrphosad beds,
Absent from severély metamor-
phosed beds except locally.

Widely distributed erpeciadly ifn #ha
: Dnmtely metam~rphosed beds,



CONTACT METAMORPHISM OF ROCKS IN PEND OREILLE DISTRICT, umm IDAHO
Minerals of the contactﬂnetamorphmed rocks of the Pend Oreille dum, I %

«

Minersl Rock ocoarrence Locality _ Properties Remarks

Silicates—Continued ‘

Antigorite._____ Cambrian limestone__ .| Cliffs along southeast | 8==1.555; birefringence | In veinlets or as minute masse~ in- -
shore. weak, the limestone, y

Chrysotile.__ .. _|.____ Ao Lime quarries at Bay- | a=1.500, y=1.520___. Asbestlform material along seara.

i i view. .

Heulandite__.__|.___. Ao Upper adit of Arcade | a==1.495, y==1.503. Op- Crysta}s in open eavities with an-
group Vulean Hill. tically +, 2V small. kerite. .

Umltli&ntlﬁed ze- |_____ s I S N o [ S n-—glg*w:’, Blrefnngenee Found with heulandite.

o 1
Titanite_ ... _... All caleareous rocks..__| General .. ... _._._. Typical - - oo M{‘e:mpnt je erystals locally abun-

CONCLUSIONS

The conception that contact metamorphism went
on in stages is simply a division of the long-continued
process into overlapping periods. The idea of stages
in contact metamorphism was perhaps first suggested
by Spurr, Garrey, and Fenner ¢ and has subsequently
been advanced by several others. Umpleby 7 used
the word “stages in describing the metamorphism at
Mackay, Idaho, and the idesa is also expressed in the
paragenetic tables of Eckerman.® The descriptions of
the Edwards zinc mine by Smyth ® and by Wade and
Wandke ! speak of stages in the metamorphism.

The knowledge that contact metamorphism was
produced by a long procession of solutions that came
out from the igneous rock has succeeded the old idea
that it was a simple recrystallization of material already
present, caused by the baking heat transmitted by
conduction from an adjacent intrusive. This knowl-
edge is of importance not only in itself but also because
of the light that it throws upon the process of erystalli-
zation of the igneous rocks and the nature of the
residual liquids given off during erystallization.

Although contact metamorphism was not a simple
recrystallization, this study of the rocks in the Pend
Oreille district shows that the nature of the original
- rock was a very important factor in determining the
kind of product resulting from the metamorphism.

¢ Spurr, J. E., Garrey, G. H., and Fenner, C. N., A contact-metamorphic ore
deposit; the Dolores mine, at Matehuala, San Luis Potosi, Mexico: Econ. Geology,
vol. 7, pp. 471-4%4, 1912.

7 Umpleby, J. B., Geology and ore deposits ot the Mackay region, Idaho; U. 8.
Geol. Survey Prof. Paper 97, p. 65, 1917.

8 Eckerman, H. von, The rocks and contact minerals of the Mansjé Mountain:
Qeol. Foren. Forh., 1922, p. 343,

9 Smyth, C. H., jr., Genesis of the zipe ores of the Edwards district, St. Lawrence
County, N. Y.: New York 8tate Mus. Bull. 201, p. 28, 1917,

1 Wade, W. R., and Wandke, Alfred, A big zinc mine in New York Stabe Eng.
and Min, Jour. Press, vol, 116, p. 96, 1923,

O

It shows further that, except very locally, the amount
of material introduced permanently was not groat
in proportion to the mass of the rock. The parree-
netic sequence of the minerals due to contact meta-
morphism suggests that the progresg of crystallization
of the igneous rock and the resulting metamorphism
was somewhat as follows:

1. During intrusion and early crystallization of the
magma, which marked the first stage, steam carrying
soda and some potash was given off in considerrble
quantity from the whole magma and caused the conn-
try rocks to be reerystallized. Limestones ware
turned to marbles, and sericitic quartzites and sili-
ceous argillites became adinoles, Connate and surf&ce

water played a part in this reerystallization.

2. With the progress of crystallization of the igneous
rock, which marked the second stage, the emangtions
given off from the residual liquid became richer in the
so-called mineralizers. In addition iron, phosphovus,
zirconia, and silica, probably magnesia, rare ear‘hs,
and titanium, and possibly alumina and potash were
also carried. Before this stage was over the igneous
rock was solid at its borders, endomorphic musco-ite
had formed, and throughout the body of the igne~us
rock deuteric titanite, allanite, and probably apatite
and zireon had crystallized by replacement.

3. After final consolidation of the main massiof the
intrusive which introduced the third stage, when the
temperature had become lower, hot waters rich in
potash and iron and later in carbon dioxide, sulphur
and base and precious metals were given off from
greater depths. Sericite, chlorite, and magnetite
formed both in the igneous rock and in the sediments
and were followed by sulphides, carbonates, and
zeolites.



