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TH& PORCURIKZ MOUF TAIN "RED ROCX"

IX TROCDUCTITN

Geography

Location and Extent g£ Areas The Porcupine Mountains

are located in northwestern Ontonagon County, ¥ichigan (pl.
1), They comprise an arcuate ridge and highland topography
which is convex to the ncrthwest and parallels the soxthern
shore of Lake Superior from a point a few kilometers west
of Silver City to the eastern edge of Gogebic County.

Culture: One gcod highway, Michigan State Fighway
=107, enters the area. Following the southern shore of
Lake Superior from the east, it extends up the northern
ridge of the mountains and terminates at a point Just north
of the western end of Carp Lake. This pcint is approxi-
mately 46.3 kilometers west of the city of Cntonagon.

Other than this one good road, the region is practically
devoid of permanent cultursl features.

This does not imply, however, that the region has been
deserted. There are evidences of prehistoric mining oper-
ations for copper carried on by the Indians long before white
men entered the area, and since the United States government
acquired this part of the Northwest Territories from the
Mississippi and Lake Superior Chippewa Indians by treaty on
Cotober 4, 1842 (A. 3. Ruthven, 1906, pe. 19), the natural
resources have been persistently exploited by white men,

After copper was discovered in extrusive basic flows



farther north on Yeweenaw Peninsula, any such rocks were
considered indicative of the preserce c¢f valuable copper
lodes. Identification of this type of rock in the Percu-
pine Mountains led to the organization cf many companies
and to the sirking of many ehafts in the ncrthern part of
the region. Fcwever, the copper deposits were rarrow and
lean, and by the end of 15648, according to rFoster zrd
whitney, most of the mines had closed down and the majority
of the miners had gore elsewhere (J. We Foster gnd J. D.
Whitney, 1850, p. 8C). Logging, trapping and deep sea
fishirg have been the principal mearns of livelibood since
that time.

Because the region is heavily forested and contains few
settlements, there is an abundance of wild game. 1In an
effort to preserve for the future the primitive character
of the region, the virgin stands of maple ard hemlock, and
the wide variety of floral and fszunal representatives,
nearly ore hundred square miles have been set aside by the
state of Michigar gs a wilderness state park.

Topography: Elevated masses cof pre-Cambrian rcck

comprise the mnain topogrephic features cf the region. 1In
the north is an elcngate ridge which slopes with decressing
steepness to the north until it finally disapnears under
Lake Superier (pl. £). The south side of this ridge is in
many places a precipitous cliff risirg 100 to 150 meters
above the valley of the Carp kiver. Although thé ridge

extends for rany miles, it becomes lower to the east and to
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west of Carp lLake and is interrupted in many places by wind
gaps. Many gaps apparently developed &s a result of northe-
south faulting in which there was very little vertical
movemernt. The highest points on the ridese are at elevaticnhs
as great as £75 meters above the level of lee Superior,
which stands at an elevation of 183.5 meters.

Directly scuth cf Cerp Lake is another, anad lcwer,
ridge which parallels the southern shore of the lake and
extends but & short dist-nce beyord either end. To the
south of this ridge, in a valley between the ridge and
the main highlands, flows Scott's Creek.

The highlard area is a plateau averaging apyroximately
300 meters in elevation and sloping gently to the south.
Fumercus knobs up to 117 meters 1in height rise from this
upland surface. The “ichigan Tepartment cf Conservation
records an elevaticn of ¢l7 meters (£,023 feet) for
Government Peak, & knob in the northern part of the high-
lards. (°n charts of tae United States lake Survey, this
eleveticn is given as £,028,.,19 feet.) This is, allegedly,
the highest point in iichigan ard, incildently, the hizhest
peint in the lekes 3tastes. Fowever, recent field and
photograumetric worz by Ir. W. A. Yelly of the department
of geology at "ichigan State College nas eststlished th-t
the elevation of Tcverrment Peak is but 1little over 5¢d
meters (1,800 feet) and that a promicerce epproximately
1.5 cilometers south of Little Carp lLake, with an elevation

of nearly ¢C{ meters (1,970 feet), is the hizhest peint



in the rorcupine ¥ountains &srd, probatly, in ¥ichigan (7.
Ae Felly, perscral communicaticn).

Toe highland ares is abruptly terminated on the south
by a broad and ccncave valley in which flov the 1ittle Tron
end Iron rivers,

Drainage: Drairirg the major porticu of the EForcurine
i'ountains ere five strears. Union River on the east is s
retioer sm2ll stream, although one of 1its scurces is Tnion
Spriuvg, one of the largest in I"ichnigan ard, accordicg tc .

Ze Tricht (1925, pe 41), flewire at a rate grezter than

-3

57,007 gallons (£,750 kilcliters) per aaye.

The Little Iron ard Ircn rivers occupy the troad valley
south of the cwcunt~ins and most of their trivutzries head
on the dissected southern slopes of the nhighlaud area,
Tey are reguired to flow arcurd the southerr &nd esstern
cides of the highlerd in &r &rnular dralccge vatterrn before
enterirg La%e Juperlior esst of the mcuntairs.

Little Carp river and Carp River both origirate in the
highiards, flow through the iaxzes of the same nezmes, snd ty
circuitcus routes drein northrestwsrd into Lake Sugerior.
(Althcugh the Urited Stztes Zcard of Geogr:spnic lames still
lists these la¥es as Carp Laxke ard Iittle Carp Leke, the
lichican Depsrtrert of Conservation, in deference to esthetic
tcurists, nec doubt, has urofficislly renzmed them 1zze o0f
the Clcuds ani 'irror iake respectively.)

The tighland surface is relatively imperneable zrd,

beiug rather flat, retairs meteoric water as swamps. Thece



are breeding places for irnumerable irnfamous " ickisan
mosguitces™ and are the sources of the rivers. 3prings,
which are numercus at low elevaticns In the regicn, and
which are thcught tc rise alorg fault rianes (F. . Wright,
1505, p. 29), are &lso probatly fed by tne swamp wzters.

The proximity of the region to Lake superior, the
prevalence of westerly winds, and the elevated néture of
the region combine to produce a positive precipitation
anomaly (A. Y. Sichmeier, personal communicatior). *oeost
of the precipitation falls on the western part of the

mountains; the ezstern part is ir the rain shadow.

~eomorphologcy

The presently extart topographic features of the Por-
cupine Mcuntains are relatively vermesrent. The flat high-
land srea is prcbably a peneplain developed durirg Cembrian
time after subsidence of the orogenic activity of the
7illarney Sevoluticn. Van Fise (189¢, pp. 57-59) even
considers base levelirg taking place during a time extending
to the Cretacecus. lNonadrocks, such &s Government Teak and
the unnamed eminent hill scuth of Little Czrp Leke, were
precerved on this surface.

Geologlsts generally telieve that fluctuating Ialeozoie
seas alternately covered and uncovered the area. Sediments
were deposited, were removed, and were redeposited. ~Firally
Pleistocene glaclers advanced over the mountains, erodirg,

sculpturing, and dropping erratics as large as 4 x 7 x 10



meters on the upland surface. T™he ice occupied river
valleys which had been estsblished, in many cases, percllel
to the strike of beds, widening, flattering, and probabdly
vartially filling them with glacisl debris.

A strorng shoreline of glacial Lake Duluth is devel=-
oped st 355.1 meters on the northern slope of the nerthern
ridge, where highway M=107 follows it for more than 4
kilometers. Although the position on the rcrthern side of
the main highland mass to the south is net readily identi-
fiable in the field, it can be seen clezrly on zerial photo-
granhs by a distinct change in flora. Careful observation
on the ground discleses a thin linear zone of maple occupyirg
the 013 beach, bounded on either side by hemlock foreste.

Shore features of glacial Lalre Algerquin at an eleva-
tion of 250 meters ard glacisl Take ¥Fipilesing at an elevation
of 187.7 meters are vell developed, marked by steep banks
a8 high a8 10 meters. While the various lake stages were
eveolving, the ridees in the ncrthern part of the region
were, tsuccessively, offshore islands, points of land on the
seaward side of elongate bays, and, finslly, ridges as
developed et precsent.

The rapid successicr of glacial lalkes at lower eleva=-
tions vas probably responsible for development of youthful
geomorphic characteristics in the lower reaches of the Carp
end Little Carp rivers. It was, in effect, a rejuvination
of the rivers, although incision of the streams has not

yet affected the mature upper parts of their courses.
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Ceneral Geology and Previous Investigations

Stratigraphy: The rocks cropping out in the Forcupine

Mountein reglon belong to the Feweenamen series, upper Fro-
terozoic era. ZLoviest in the series is the "red rock"™, which
comprises the central highland region. 1Its origin, manner
of emplacement, and cosition within the geologic column have
bgen controversial issues for more than a hundred years.,

Dr. Douglas Houchton (1841, pp. 487=-490), observing
Keweenawan rocks as esrly as 1841, termed them "greenstone”.
He specifically ircluded bzsic flows and sandstone conglom-
erates, but whether he also meant to irclude the acid rocks
does not apvear. It is questicratle whether Touchton ever
saw the "red rock".

Eela Tubberd (1830, p. 837), reserting on his field
work in 1845, mentions an "ioperfect sienitic granite™ on
Keweenaw Feninsula, evidently referring to an £cid rorphyry.
Although he thoughtin 1345, that the besic flows were "dykes™,
as d1d Foughton, he changed his mlnd the fecllowlrg yesr
while at work ir the Forcupire Yountairs. Te mentions
(idem., pp. 886-357),

"...regularly disposed and altern:sting beds of

greenstone and amygdaloid... [which] ...give an

appearance of stratification to the mass,”
Wita regard to the "red rcck" he says,

"Associated, however, with the greenstone &nd

amygdaloid of that country, appears an argil-

laceous and silincus [silicéous%] rocck, wkich,

though we have classed it among the trap rocks,

is very distinguishable from all the other

varieties of trap, and is therefore entitled to
a sepzrate Gescriptione This rock occurs in
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belts, alternating with those which mske up the
mass of the Porcupine ranges, &nd possibly may
be regerded as & volcaric mud, &ltered and
hardened by its viciniTy to rocks of igneocus
origin.”

Be thus hints at an ignecus origin for the "red rock" and
goes on to describe it,

"It has been elready menticned, that, alternsting

with the several rocka that compose the Porcupirne

Mountsins is a hard rock of red color, fine

grained, and sub-slaty in structure. It is

evidently trappose in character, but is at the

same time quite argillaceous, and sufficiently

8iliceous to strike fire under the hamner. 1Its

color varies from a light to a dark brick red."
| Dr. Ce M, Jackson (1849, ppn. 399, 400, 414), J. D.
Whitney (1849, p. 728; 1850, p. 64), and J. We Foster
(1850, p. 64) were of the opinion that the acid rocks of
Keweenaw Peninsula were sandstones, indurated and grani-
tized by the associated basic traps. Dr. Jackson (1849,
pe 661) thought those in the Porcupine Mountains might be
volcanic in origin. Thomas lacFarlane (1866, pe. 142) con-
sidered the acid rocks to be eruptive.

Re Do Irving, in "The Copper-Bearing Rocks of Lake
Superior", U. S. Geol.ASurvey Mon. 5,.1883, and with T, C.
Chamberléin in U. S. Geol. Survey Bull. 23, 1885, falls to
mention the tedded nature of the "red rock™ but does con-
clude (1883, pe 150) that the Forcupine lMountsins,

"eooowWe their existence in all probability to a folgd,

the porphyry of the central portions being one

of the usual embedded masses laid bare by

subsequent denudation.”

Later, hovever, Eutler and Burbank (1929, p. 17¢),
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Yext above these basic flows 1s a thick sedimertary
formation whose lower portion is predominsntly sandstone
conglomerate; the upper portion is predominantly szndstone.
The well indurated upper portion forms the ridge scuth of
Carp Lake erd extends up the precipitous southern face of
the northern ridge to a point just velcw the crest,

Cap.ing the rorthern rii¢ge are the "Lske Shore trans."
They are a small number of besic amygdaloidal lava flows
with no intervedded corglomerzte. Wezthering less rapidly
than the underlying sandstore, these flows hold up the orest
0of the ridge.

 The "Oﬁter cor.glomerate™ and the Fcenesuch shale, respec-
tively, overlie the "Lake Shore traps" ard represent the
youngest rocks in this area. The "Quter conglcmerate" has
recently been renamed the Porcupine Mountain sandstone
(El Khalidi, 1950, p. 16) in the Porcupine Yountain area,
Due to its relatively non-conglomeratic nature and to the
facts that, although lying directly above the "Lake Shore
traps" as does the "Outer conglomerate™ in cther sreas, and
although similar in lithiec character, it may nct be a tem-
porally identical formation.

The Fonesuch shale does not crop out ir the northern
part of the regicn. It does, however, with steep dips to
the south, abut the "red rock"™ on the souths. Cther for-
mations were apparently faulted out.

. A goed geologic section was made by Gordon (1906,

vl. XXZII) along the Bleck River west of the Porcuplne



Mountainse Since the fermstions vary in thickness from
place to place, or are not continucus throuzhout the lenesth
of the veninsula, other sections of Xeweenavwan rocks, many
of which ere derived from irspection of drill cores, are
too distant, too 2eneral, or too limited in stratigraphic
extent to Le of use here.

The writer h&s, therefore, constructed 3 section tesed
upor average dips otserved in the field and upon photo-
crammetric measurecients in the leboratory. An sttempt is
made to correlate this seotion with that of Gordon and to
ldentify the various lithologic units with the seversl
groups generally recognized in the Keweenavwan series. The
seation (table 1), is normal to the s*rike ana passes
through a poirt 100 meters west of Carp Lake.

Structure: Lake 3uperior fills a lzrge synclirorium
formed, 1t is thought (W. O« Fotchkiss, 1925, ppe 669-873),
by collapse ol the earthé crust caused by %the removal of
large quantities of mazna. Keweenaw Terinsula ari the
Torcupice *ountains egre or the southeastern limb of this
svhiclinorcium and the éipsof formations are, in seneral,
homoclirzl to the nerths On the northwestern 1linb, roczs sim-
ilsr in age and lithclogic character to those cropping ocut
on Keweernzw Perinsula are exrzcosed on Isle 2eyale £nd in
niortheastern ““innesota.

The Forcupine locuntaing present a singulzr siructure
in this regione. As mentioned bLefore, it is generally thought

to te a fold, truncated by ercsion, and expesing older rocks
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at the surfsce, allthough yuite a number of cecleogists hold
to a theory of icnecus irtrusicn and subseyuent uncovering
of the intrusive rock %o esplain tke obeerved yuaguaverc-
ally dipping strata.

A complete chrenclogic bitlicszraphy of reports vy the
men mentioned in this section, and of cther vworks bearing
on the Keweerawan, may te feound in "Mhe Copper-Bearing
Rocks of Lake Superior", Ue. 5. Geol. Survey i'ons 5, 1683,
ty Re De Irving, on pages 14-23 inclusive.

Bibliographies of cenerasl werks on the Lske Superior
region are corntsined in "The Geology of the Lske Superior
Region™, U.3. Geol. Survey on. 3%, Dpe 74-84, 1911, by
Ce Re Van ¥ise and C. Ko Lelth, zud in "The Copper Deros=-
its of lichigan™, U. 3. Geols Survey Irecf. Taper,l44,

pp. 3-14, 1929, by B. S. Butler and W. S. Burbark.
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AL ITITE OF THo PROZL S

The geology of the Porcupine Mountzins 1s not well
knowne The structure and stretigraphy have never been
satisfactorily sclved, nor hes carelful identification cof
several rock types been made. Fernce, ".oed rock" and obthner
noncommittal ard amtiguous, if descriptive, terms have eome
into general, and almost exclusive uce when reference 1is
made to the Porcupine *ountains,

The efforts of this investigation are directed toward
solving some unanswered problems ard of elucidating several
poorly understood phenomena in the Forcupire Mountains.

Since the so-called "red rock" is almost untnown
geologlicelly, ard since additiorsl inlormation on the prob-
lems relating to it might te applied to other areas of
Zeweenawan rocks resulting in, (1) a better understanding
of the structure there and, (£) the discovery of new ore
bodies of copper and silver, the "red rock" is the formation
treated in this thesis. The following major prcblems
are conrsidered:

(L) An attempt is made to interpret the mode of oricin
and manner of emplacement of the "red rock".

(2) &n attempt is made to deterrine the percentaces
of the various minerels present in the "red rock" ard to
classify the "red rock™ accordirg to some starderd system
wkhich will allow a satisfactory identification using the

analytical data available.



(3) An attempt is mzde to determine the attitude
of the "red rock", to correlate its various exposures, and
to define 1ts relation tec adjacent strata (i, e., 1ts
position within the geologic column).

(4) An attempt is made to deterrine the forces which
have acted upon the "red rook" and to interpret their

effect upon it arnd upon the surrcundirg regicn,



FIZLD PRICEIUAS

The field work was dore during June, July, ard August
of 1949, A base camp was estadlished along highway MM=197
near the east entrance to the state park. ZFrom this lo-
cation the origins of several routes into the "red roock"
area could be reached by automobile.

It is possible to drive, for instance, to the end of
highway =107 and to enter the hinterland Just west of Csrp
Lake., Likewise, the area can te entered apnroximately
4 kilometers east of Carp Lake by walking up the course
of the Carp River. On the east, the "red rock" area can
be entered from any point slong ronesﬁch read or frem
innumerable logging trails, impassable for automobiles,
which parallel the main highland mass on the socutheast.

Vertical aerial photographs at a scale of approxie
mately 1:£90,000 were carried in the field. Cutcrops,
swamps, faults, dikes, strikes ard dips, and other infor-
ration was plotted on thems ILocalities of interest were
also plotted on them and numbered. Under correspondirg
numbers in the field notebock, pertinent data were recorded,

Fo attempt was made to run stralght line traverses
as the scarcity of outcrops made this impractical. Fowever,
all major streams were followed, all kncbs and ridgces were
visited, and swamps, where there was likelihood of out-
crops, were traversed., It is believed that all of the

lerger outcrops ard most of the swmaller ones were studied..



Attempts were made to obtain fresh rock specimens.
These were oriented and suitably merked before being ree
moved from the outerop. Compass readirgs were t2'%en on
foliation, lineation, and on fracturirg wherever they were
identified. In adcdition, the bearings of linear elements,
such as stream courses zrnd ridges with truncated esides,
were obtained.

Cther features, such e&s changes in flcra, orientation
of streams and roads, geomorphic features, arnd attitude
of sdjacent rocks were recorded. Compass traverses and
diagrams were made of particularly interesting or well
exposed areas and structures.

A resumé of each days observations wss made at night
and previously held theories and partially solved problems

were avpropriately revised.



lost terms of vague or anbiguous meaning ( e. g.,

melaphyre, felsite,

dolerite), and those of various

definition, are avoided in this paper. The contextual

definition of those
Crystalline =
EntoBlitic

Futaxitic

Exogenetic

ExtoBlitic

"vainoblastio"

which are used is given btelow;
orystals visible to the na%Zed eye

mineral matter projlecting toward a
common peint, line, or plane

banded; parallel arrangement of tex=~
tures or minerals in extrusive rocks;
flow banding

apart from the main mass, as volcanio
dust

mineral matter projecting from a common
point, line, or plane

- Gr., kalnos, new or recent, ard
blastos, sorout or shoot. Introduced

as desoriptive or metamorphic structures
and textures in genersl

Microcryptocrystalline - crystals which apgear very

"Planiolite" -

Structure -

Texture -

small under the microscope; in general,
less than three microns

L., planus, level, and Gr., lite,
equivalent to 1ith, from lithos, of
stone. Introduced as descriptive of
spheriolitic structures oriented with
resvect to a plane ( cf., spheriolite,
axiolite)

megascoplic features of & hand specimen;
also major features of, or in, a rock
body

microscopic features of, or in, a rock
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Preliminary to an atterpt to interpret the mode o?
origin, the manner of emplacement, and the attitude of the
"red rock™, the criteria upon which such interpretation
is based must be defined and their value as criteria must
be demonstrated.

The oriteria are, obviously, the megascovic ard micro-
scopic structures and textures develcped in the receci, beth
contemporarecus with, and after, ite deposition. "herefore,
a complete exsmination and descriotion cof the rock in the
field, in hand specinen, and under the ricroscope 1is
necessary.

Since the geresis of *he described rock was not ob-
served, only on the basis of comparison with putlished
workxs, written by experts, end daescribvirg rocks of sivilsar
chzricter but of krovn crisins, csn interpretation of ite

fornation rnd structure bve -sade,

Tetrology o2 the "ked zock"

Hand specimens, oriented with respect to north, %o the
horizontal, snd to the foliation if megascopically evident,
were collected in the field, An attempt to group these
according to megascopic physical characteristics was vade.
Unfortunately, each specluen wes so differcnt from the
others that grouping for descriptive purposes was impos-
sitle. Therefore, only a general defirnition of structures

and textures is given.

LY %



Flow Rock: The "red rock™ of the Porcupire ltcurteins,

while exhibiting wide renges in physiczl characteristics,

i1s striking in its chemical and mineralogiczl uniformity
(teble &)« The color of freshly brecken surfaces, depending
upon the lccality in which they sre observed, renges through
various shades of rink, purple~pink, yellow, orance, red,
and red-brown.

Veathered zones are shsdes of pinkZ or rellecw, and
may extend so deeply into the rocik tkat fresh samples
carnot be obtalred., Thig Geep penetration of weathering
procesces msy te due, not orly to the original high porosity
and permeability of certain portions of the "red rceck”
mass, btut also to the great length of time during which
veatherirg was able to progress.

In eddition, frsctures related to origirel flow and to
shrinkage upon consolidation, and conninuted zones related
to later defornsticrsl forces, present avenues of access
to weathering agercies even in those porticrs of the "red
roct" which are hard znd dense. Such cten frachtures are
universally covered with drusy quartz.

The rook possesses a clayey odor even on fresh sur-
faces, indicating consideratle kaolinization by infiritely
penetrating solutions.

In general, the rock exncsed in the rortkbern and
northwestern varts of the area is dense &nd comeact. It
is aphanitic and looks like dull red jasper, or is

aphanitio-spherulitic, in which case the accretion of more



- 24 -

bighly quartsiferous material in the spherules imparts to
the rock a spotted apipezrance end a scmewhat more vitreous
luster. In either case, the rock breaxs with conchoidal
fracture.

Vesicles are uncommon in the "red rock" but miarolitic
cavities are prevalent, Large cavities, distorted ari
drawn out into the plane of foliation are cccesionslly
developed in tne rocx exposed on the uoper part of the
Carp Kiver near locality 74 (pl. 15, in pocket). These
cavities range up to 1€ inches ir length and are partiaslly
or wholly filled with euhedral quartz (pl. 3, A). Similar
rock 1s exposed at the top cf the cliff on the west side
of Government Peak near locality 1, but here the cavities
are subspherical and everage 5 mililimeters in diameter.

A well developed, finely laminaw, eutaxitic structure
i1s comnon in the rock of the northern pert of the area.
The separate bands constitute layers of varying compo-
sition. The dark bands are composed of megrnetite, glass,
and partiaily crystallized feldspathic material and 1licht
ones are composed of quartz and quartz-feldspar inter-
growth, The distarce between successive darz or lizht
bands is usually a millimeter or two (pl. 3, D), but
occasionally, as at localities 3 and 58, single layers,
generally those of the guartziferous material, mey be
25 millimeters wide (pl. 3, E).

Tieathering 1s relatively easier along those plares

in wnioch magnetite ard feldspathic meterial is vredominant



due to chemical instability of these minerals in the
oresence of oxidizing and hydrolizing solutions. Thereforse,
the deeply weathered, foliate phases of the rock possess

the appearance of o0l1d lumber, the 1light bands protrudineg
while the dark bands are recessed.

The texture of the "red rock™ in the southern vart of
the area 1s generally granitic or aphesnitic-porphyritic.

The phenocrysts of the porphyritic varieties are euhedral
or subhedral guartz averagirg 1 millimeter in diameter,
or potash feldspar averaging 1.5 millimeters in diameter.

The feldspsr pherocrysts are zoned. This zoning is
made evident by daifferential =slteration or by differential
inclusion of foreign material, probably hematite or other
ferrite, or by both, resulting in abrupt changes in coler
oriented concentrically with respect to the center of the
phenocrysts This coloration, variocus shades of red, is
usually more intense in the outer zones of the crystals.
Carlsbad twins can occasiorally be identified by the
darker shade of one twin.

Cther meéascopio structures are cracks which feormed
during the final consolidation of the rceck. As the more
completely crystallized portions of the rock were carried
fcrward by still fluid portions, tension fractures developed.
These were, in some cases, completely filled by the re-
maining 1iquid which, as the end product of crystallization,
was considerably more acidic (quartziferocus) than the

earlier orystallized portions &£nd hence a lighter color.



In other instances, the cracks were left open or were only
partially filled. 1lany of these oven fractures persist
in the rock at the present time,

Pyroclastic nock: Pyroclastic "red rock" was seen at

m2ny localities. The best outcrops are nesr locality 11
on the upper Carp kiver, and at locality £2. The rock
exposed at lccality €2 is composed of angular blecks of
typically foliate "red rock" cemented by a hard, dense,
aphanitic material of the seame composition. Toliation

in the cementing saterial confcrms to the outlines of the
included fregments, wrapping arourd them in smcothly curv-
ihg layers and breaking up into disorganized eddy-like
bends on the lee sides of the l-rger fregments.

The included anguler blocks, usually flat sided, are
rhombohedral or rectangular. They range from 1 millimeter
to more than 47 centimeters irn diameter (pl. 3, C; pl.

11, C).

The agglomerated zore at locality &£, althcugh not
exposed in its entirety, has a minimum thickness of 3 meterse
This type of brecciated ansterial is typical of the tops cof
these flows in winich a crust of so0lidified lava was formed
ar.d subsequenrtly fractured and enveloped by the remazining
fluid lavae. The writer believes that rending of the crust
may have beer accomplished by bulging and bursting due to
an increase in hydrostatic pressure in the fluid lava;
bty collanse due to a decrease ir hydrestatic pressure and

consequent failure o2 supnort, or by an extersion of the



cruet beyond its elastic 1limit through differential trans-
location during continued flow bty vagma telow. Tormally,
ceveral of these preocesses act in conjurction.

The pyroclastic rock on tine unper Carp River near
locality 11 is ccmposed in part of included g2ngular blocks
as described on page £o. The fragments here, however, are
much smaller, usually averaging abecut 1 centimeter in
diameter. 1In addaition, a very small portion of the rccx
1s ccmposed of compressed ard indurated volesnic dust, and
of frzgments less thar 4 millimeters in lengthes This is
interbedded with the fine breccia.

The tuffaceous naterial shows an irndistinct vedding
(ple 3, B)s The bedding is sinuous and discontinucus ard
corsists of fire dark bands weaving arourd small, light
cclored, ellipscidal clots. Indurstion, accomraried by
alteration, has obscured the original chrracter, so s&n
accurate desoription of structures is imnossible. Towever,
the small clots ere similzr in many respects to structures
described in many papers on pyroclastic rocks as mud balls
cr as muddy rain drops. An aburdarce of cryptoclastic
devitrified glass shards is 2lso indicative of its exo-

geretic origin.

Petrography

Thin eceoctions were mede from hand scecimens. They
were oriented, ir cases of megssccopiczlily foliate rocks,

normal to the plane of foliaticn snd were ground to 37
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microne thickness. %nen discovered that in scme cases the
direction of flow could be determined, other sections were
cut normal to the foliation btut pcrallel to the direction
of flow, iu crder more clearly tc observe the structures
developed &8 & result of movemert.

The microscogic petrogranhy cf the "red rocx" is not
difficult in sc fer 2s the numbter of minersls present is
concerned, It 1s extremely difficult, however, in thet the
minerals are exceptiorally small end are not only incem-
pletely crystallized in some cases, but are to a great
extert altered to, and masked by, secondary minercls.

The minerszls were identified by physical and ocptical
cheracteristics using a st ndard Ieitz petrographic micro-
gcope and heterochromatic iight. As criteria for micro-
gcopioc identification of ninerzls can be found in such
works as Rogers and Xerr (194%Z) and Wahlstrom (1947), only
in those cases where abnormal or variable features gre
observed, is reference nade to them.

The "red rcek", although of manifold megascocic
cnaracter, shows a relatively large tut linited number of
crystalline types. ™o obviate the description of each thin
sedtion, an attempt was made to group the specimers accord-
ing to microscopic characters. It was found that each thin
section would conform to one of eight types. These types
are described in detail.

An ocular micrometer, calibrated to several lens

svstems, was used to measure mineral dizreters., The diameters



of minerals in t=in section, are not true size. TVhere,

in a broken rock, full sized minerals may be exposed on
the surface (if fracturing occurs between minerals rather
than througa them), tae minerals are transected in a

thin section. T™hey are, corsequently, somevhat smeller.
Krumbein (1935, pp. 494-49c), usirg averages of meny
cbservations, indicated thet the full size wirersls are
arproximately 4/m larger then those exposed in thin sec-
tior. Later, Chayes (1930, p. 159) brougat out the fsct
that this ratio holds regardless of the mineral shapes.
ThereZfore, to obtain true sizes for the described minersls,
the measurements givern wust te multirlied by apcroximately
1l.25, except In cases ¢f eecticns cut parallel to.a lire-
ation of mirersls or of minerals less than the thickness
of the sections (3C microns).

"2ed Rock", Tyre l: Cocd exanples of s:vecimers cof

type 1 are expesed at locelities 3, 54, ard So. These
represent a phase of the "red rock™ in which euvtaxitic
structure is well Geveloped (pl. 4, E).

"he purrvle larnds, vhich racge from OC to ICQ wmicrers
in width, resolve therselves into agzregaies of closely
Cisposed, stricily parallel, ard relacively ccrtinucus
layers of mesgnetite grains. The grains cf wmszgretite are
equidimertioral and average 3 micrcus in aiemeter, or are
elcrgsted crystsllites ¢rd small asymretricslly developed
crystals with columnar acpearsnce. (3ce pl. 9, A for

the varicus tyres of crystallive development of wz:retite).
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These orystallites snd assyumetrically Zeveloped crrstals
may be 2s leng &s 40 micrornse. Long axes cf the crystals,
arnd the long directicnsg of marcsrites arc elonrsted cume
ulites into which the small eruirns are often gathered,
are oriented normel or subrormal to the trend of the
layers.

Tsgnetite as phenoccrysts, rancing up to 50C micrens
in dlameter 1s distributed throushout the receck irresnect-
ful of foliation, and situated as 1ixely in the 1light
colored bands as ir the maenetiferous cnes. I0st magnetite
pherocrysts are eunedral and equidementioral but a few zre
skeleton crystals with che, 2nd scmetimes tvo faces incom=-
vletely cdeveloyped.

Directly on elther side cof any dark bzrd and con=-
stituting irterstitial meterial bvetween magretite grains
within the dark band, is & zone of partially crrstallire
and ircompletely individualized substance which apoesrs to
be an aggregate of devitrified ferritic glass and quertz-
feldspar mixture %4, C)e Cricinating at the edces of, and
extending avay from the derk tands for a distznce of ap-
proximately 350 microns, this material is arranged in
groups of fibrous tufts. %Tach radiating tuft subternds
two to five degreers snd eacnh group of *ufts spproximetely
forty deperees 1in the plsre of the scction. The fibres are
gubmicroscopic ir wiath near thelr crigin but irdivicduels,
or small groups of irdividusls, can te seen due to dif-

ferences in composition and consequent éifferences in ccicr.



The tufts are elichtly flamboysnt and grsde from dark
brown isotropic material near their tases to more or less
anisotropic material near their termini. They distoert or
even split the arms of the anomalous pseudo-uniaxial cross
which is present when radial aggregates of acicular crys-
tals or rartially crystalline material is viewed under
crossed nicols. The tufts are mutually irterferirg and
margarites of maznetite grains ere often insinuated te-
tween them (pl. 9, E).

In those portions of the tufts where the optical
characteristics are not obscured by ferritic material
(pls 4, B), their relief is low and their indices are
split by Canada Ealsam. It is telieved, therefore, that
the composition of the feldspar constituting these clear
areas is oligoclase, with a composition scmewhere between

AbsoAngo and Abg,An If thie minersl 1is cligoclase,

10°
it is normal and expected thzt the composition will become
more sodic with continued crystallization, and it is likzely
that the unidentifisble feldspar near the origirng of the
radiating fibrous tufts is the more calcic.

At an indefinite 2nd gradational boundery at the terminal
ends of the planiolitically arrarged radial tufts, olipg-
oclase gives way to small but ilentifiable orthoclase
crystals which, 1n turn, give way to larce orthocliase
euhedrons. These large crystals project from the spherules

in a manner well described by Iddings (1899, p. 412),

"The spherulites bordering more crystelline areas



in 1ithoidal rhyolite have sometimes continued

their crystallization a short distance into thecse

areas, when they exhibit distinct prismatic rays

that project beyond the apparent periphery of

the spherule and resemtle the teeth of a

cogwheesl."

The only well develoned terminal crystal faces sre 701,
parallel to the basal cleavage. Tae lerge orthoclase
crystals range from 15 x &0 microns to approximately 130

x 60D microns. Commonly, several will develop perallel snd
adjacent to each other with their prismatic faces close cr
even touchirg. Cerlsbad twinning is cormon, one twin
usually more highly altered and ferritic than the other,

Interestingly, sanidine, winich mieht have bteen ex-
pected in a rock such as this, is erntirely lacking.

Fi1lling the interstices tetween orthoclase crystels,
and occupying the remaining space in the area betveen
adjacent dark bands, is anhedral to euhedral gquartz. ™he
grains are quite uniform ir size, averaging 170 to £CD
miorcns in diaweter. Contacts between tiiem are usually
sutured, but occasional well develcped pyramids or even
bipyramids can be found.

Strained quertz is present within unstraired cuartz.
Occesional wavy extirction in one crystal, and cccasional
extinction progressineg from one to another cf elongated
individuels arrenged in fascicular groups, indicates
crystellizetion while there was still a tendency for flcw
within the mass.

A peculiar rmicrcgraphic quartz-rleldspar intercrowth



1s present in small areas of the specimen frcm locality 3.
This intergrowth is an intertongueing of thin projections
of cuartz and orthoclase in the marrer of a rabbeted Jjeint.
Each projection is about 5 microns in length (ple. 9, C).

I'any large orthoclace orystals have been brolken off
ard ircluded in the quartz. These fragmerts are often
oriented with their long axes inclired toward the plane
of flow as illustrzted in plate 9, D.

The specimen from locality 5¢ has nany microspheru-
lites + These nicrospherulites, less than 80 microns in
diameter, originate at any point ir the rock &nd radiate
outward from a group of nagrnetite grznules.

In the specimens from localities & and 94, large
spherules up to & millimeters in diameter occur everywhere
in the rock (pl. 4, A, D). When in the dark teznds, these
lzrge spherules radaizte from a core of magnetite grains
but do rot affect the disposition of the layers of mag-
retite grains, radiating through gnd including them without
distortion (pl. 8, A4).

The epherules are ccmoowrd, that is, made up of seversl
concentric lsyers cf tufts of radiating fibres, and ere
ofter separated to scme extent ty zcnes of magnetite or
guartz grenules., OQccasiorally these zones are entirely
devoid of mineral matter., Eifurcation of the pseudo-
uriaxial cross under crossed nicols is cormon in the
cormpound spuerules and double, or even triple splitting is

rot infrequent. Nargarites ard micro-phenocrysts of



magnetite occur along the sides cf the tufts of fibres,
separating them into distinct units (pl. S, A).

Cther spherulites, entoBlitic, ara cored by aggregates
of small quartz grains, or even enclaves of guartz grairs
without surroundirg fibres, occur tetween or rear the layers
of magnetite crd impart a motiled avpearance to the dark
bands. These spherulites average about £72 wmicrons in
dizveter (ple 3, B)e The mineral coring these spneruiites
may be the high btempersture gusrtz, tridymite, since
identical textures described by 7hitmazpn Croes (1892, p. 441)
centained this minersl.

Cther wmirersls cccur in minor anyount. Very small,
tut perfectly cevelored zircon is seen occasionslly in tae
dark berdss JTccasioval biotite flz2kxes, not larger tiran 3D
microns, gare fourd ir *re planiolitic zores. A asrk red,
transparent nireral with parallel exticcticu, &#cd so ¢ Fines
as isrge °s 70 micrers, iIs fourd in quertz. This nineral,
elthcugh nct positively 1dentifiable, is probsltly epherie

=4

(tisanite). Viridiie, as se-reiatec cof

e cryptecrystallive

o
I
e

(

ereen cczsles, is nresecrt rtezr severzl 1acce apretite
pLenocrystss Tule uridertifisbie wiuerzl ‘ay te elther
an aiteration product, or mnicrolites of a lerromggnecsian
minerzl.,

Fematite and leucoxere are tlterztion products cof
tazfrebite, the presence of leucoxere irdicabtiung tast the
ragnetite 1s titerilerous. 1Irn adiition, feldspars have

alterei to taolin, and small ecaly masses of yellow
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calcite have been secondarily iutrcduced. The avove n-red
alteration products, together with %the :zecornd-ry cslcite
and wicrocryptocrystslline o-acite grsins, so thecroughly
vermeate the rock that it has a dirty, dusty-trown apreer-
snce, and Sne optical chrrecteristics of rnirerzls are
obscured te the coint thet sraller individuals csn rarely
be identi’ied.

Layers ol opaciie grains cccury clesvage planes in
ortnoclase and fill curved fractures in gusrtz. Snall
masretite grenules ocoupy interstices between gnartz
crystals, ard ocecssicrally cccur as long strirngs lying
ir, or rnesrly iun, the plare of foliaticn.

Zlongated fluld inclusiors are fourd in guartz ezcd
orthoclase. The clear, colorless liguid cf the inclusiors
lufrequently contains sncll immoveable gas butbless The
icclusiors are oriented ir strings or leyers in tne plane
cf feliaticn and transect quartz boundsries, although
those in orthocl-se do not transect boundsries. Crthe=-
clase may, thus, have a reticulste av-earence, due to
plarnes of opacite grains in the cleavsge egurfaces ard to
fluld inclusicns in the plane of foliation (pl. 12, A).
quartz may bve filled with opacite gro2ing and then be

A

included in a larger -ass of clezr quertz (pl. 10, B).

"ked Rook", Type 2: Specimens from localities 14

[

and 39 are repfesentative of type 2. legacceplezlly,
type 2 is dense, white, and homcgendous, with scattered,

black, pepper-like spots. The thin sections ap-eer



brown urnder the micrcscope due to the universsl distri-
bution of amall fluld irclusicns ard grains of dark minerzls.

Yagnetite, in the section from loceclity 14, is rep-
reserted only as crystallites of ‘rarzaritic, spiculitic,
&nd sxeleton crystal forme These are evenly disserinated
throughcut the rock. The section from locality has evenly
distrituted msgnetite granules £ to & microus in diameter,
and scsttered euhedrons and steleton crystals of megnetite
approximately 5C x 170 wicrcns. The larger crystals range
from verfectly developed, althcugh asymmetrically formed
crystals, to loose spongy aggregates of granules which
tend to ccnform in shape to typiczl magnetite crystal
outlines.

The groundmass cconcsists cf a finely crystallized
agereg2te of quartz and crthcclase averaging 30 micrors
in diameter, associated with tufts of radial fibres of
hemi=crystalline material. The tufts are probably de-
vitrified glass =2nd partially crystalline acidic plagio-
clase, and are stcut the same size as the guartz and
orthoclase.

wuartz, with occasioral crystals which show the
tyoical wedge-shaped twinning of tridymite, forms erclaves
in the rocx about 1 millimeter in diameter. The individual
grains are sutured and rarge in size from 17¢ to 200 mi-
erons.

The specimen from lccality 89 has, in addition to the

above structures, ortnoclase phenocrysts up to 15C x 5720



microns. ZExtinction on Cl0 faces at 5 or 6 degrees im=-
plies that the orthoclase is very low in soda content.

4 curious &and unusual primary constituent in the
specimen is calcite. It is perfectly clear, colorless,
frectured, ard is associated with guartz in enclsaves.
Bounderies between calcite £nd quartz are sutured, and
calcite occasionally occurs in small grains completely
surrounded by clear quartze The calcite exhibite vari-
able relief according to the orientation of the section,
has indices both higher and lower than guartz, and is
highly twinned, the 8 cr 9 color tands produced by refrac-
tion belrg visible or tne inclired twinninge surfaces.
These are the ocrly primgry congtituents; biotite, zircon,
apatite, and other mirerals are absent in specimens of
tyve Z.

Spherulization 1s absent but the groundmass ras areas
of more, ard less, cosrsely orystalling substzcce, the finer
grained and more felt-like materisl forming sn indistinect
and partially developed layering in the plsne of flow.,
However, megascopic eutaxitic structure is not presert.

Yagnetite, of three distinct generations (pl. 4, 7),
has been pertially eltered to hematite and leucoxene, ard
feldspzrs have been eltered to scaly ard fibrous secondsry
micas, Llarge quantities of secondary yellow calcite re-
places feldspars and devitrified gl=ss, destroyirg the
minerglogical 1dentity of large vortions cf the sectionrs,

zlongate fluid-filled inclusions 1 to 60 microns 1in



lerngth (pl. 12, C), and l2rge gusntities of small opague
grains, oinder-lize, and averaging 1 micron in dlameter
tut ranging from 520 millimicrons to 9 microns, are orien-
ted in discontinuous crenulate layers in the plane c¢f
flowe They mey trznsect minerzl grain bound2aries or may

getop atruptlye.

"2ed Rock", Type 33 FRock of type 3 is similar in
many respects to type 1. It lacks, however, planar flow
structure (ple 5, 7)o Rather, it has ellipsoidal spheru-
lites oriented in rude planes and often conrected end to
endes An individusl spherule may be extended in this manrer
to €0 times 1ts width.

EntoBlitic spherules 2re well developed in specimens
from localities 110 ard turnirg point 3 on the traverse of
the uprer Carp ziver (pl. 1o, in pocket). Individusl
epherules may bte 3 millimeters in short dimention ard, in
the case of connected strings of spherules, as much as o0
millimeters in length,

The eenters of the spherules are usually aggrecates
of anhedral quartz surrourded by older euhedral quartz and
sore times bounded by layers of magnetite grirules (pl. 5,
C)e In aicition to quartz, smell tridymite crystals are
occasiorally identified in this zcne in the specimen frow
locality 1. Quartz irdividuels rznge from 250 zicrons to
4 millimeters in size.

Cxtending ertoBlitically into the spherules from the

veriphery are small quartz grairs or suhedral crthoclase



arystals or beth {pl. 5, E)e Zccasionzlly there will be
an glternstion of layers; a2 leyer cf crthoclace, one of
quertz grenules, snother or orthoclezse, and culwirating at
a center compesed ag2in of quartz. The crystcls in these
peripherel zones averace approximately 155 microns in
diameter.

Eourdireg the spherules, in some cases, are drrk brecwn
bards of altered Cevitrified glass o2rd magnetite grairs.
“ke bands, conforming tc the cutlires of the spnerules, are
cor.sorted =nd discortinucus (pl. 5, 2)s In other caces,
tufts of Librcus feldsper-devitrified el2ss mixture is
interposed betwveen the rsreins cf the svherules ard the

1

sr« magrititifercus bands. In these, *the lzyvers of mag-

o

retite occupy a cositicu tetween conposing cets of tu
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rediztinzg from 2djacert sphecrules.

Te situeticn in the intersphuerulitic arezs ic¢ c¢lter
confused. Irnumeratle microsnkerulites sre so etires
presernts, They 2re either ccrreosed of radiatirg fibres, it
wuich case gocd pseudo=-urizxial crosses sre develcped urder
crocssed nicols, or 2re composed of en irteresting, e nzrently
homogeneous, brown substzrce vhich vill reither become
bright rer go extinet uper rotzticr urder croscsed rnicelse.
slthough uridentifiable, it is inferred thet the mzterizl
is brown glass, devitrified orly tc itre poirt vhere it is
rct 1sctropic ard yet not arisotropic.

egretite is rnresent as pherccrysts &72 milliricrers

in diameter and ss granules 5 ricrens in size. The prero-



crysts are everly aistributed throughout the rcek £nd the
grsrules gre liresr corystallifes of vericus types in tte
felty end eemi-zmeornncus grcundiassse The crystallites ere
oftern incsinueted between crrstal interfsces of cther wmirersis.
™hie is well exemplified ir tre specivern frcr locality 1.
™e svecimen from turrning pcint 8 has small qusntities
0of primary cslcite associsted with quertz. It is, zas
descrited before, sm2ll, cle:zr, colcriess, frecctured grains,
with sutuired contucts,
Orthocl-se eunedrorns in &ll svecimens g0 extinct con
010 faces &t positive 5 deerees. 3Srall tabular crthoclsse
eunearons 10 to 15 microns ir dismeter occur in the evecimen
from locslity 79. Trece are included in areas cf cuartz;
the gquartz individutls rcnese from ¢ to 137 anicrors in
digreter. ™e small crthcclase crysitals ere srrcareed in
lires, the lines bifurceting and sometimes btrarching in
cre vlane arac 2t a high angle from a centrzl gxial line cof
cryebzlise. This arrsrgemnent is test described as derdritic
(pl. 3, A)s What the vnaracenesis of such qusrtz-feldspar
Irtererovtks mieht be ie net xnewn to the writer. It can
only be bhypothesized thzt the crystslliz:ztion of the min-
erzls was contemprranecus and *trat the irti ate preserce
of qusrtz affected in scve marner the habi*2l prefercnce
of the crthccisces The peculier ceniritic structure of
the crtuoclase is vell descrited by J. Bo Idoings (1ld9¢,
p. 415) vho says,

""hese crystsls brernch cut in twe diflerent



wayse. In some cacses they arpezr to snlit, the
varts being sliently irclired to cre enctoer at
firet, and bveconirz nore diverger® f-rther on.

eee In other cases the brorching of the lorg,

twinned orisms is seen to obey a cryst=llo-

graphic law. Creort prisss creoject from

oppcsite sides cf the “anebzch twin % an encle

corresponiing tec that retween the vertical exis

ard clino exis, about ©40.”

The cuartz cryvstzls which beer the decdritic ortho-
clase are oriented with their elconested ¢ exes porocllel to
the trend of the crthoclese dendrites. Zlezr guirtz tends
tc beccmne eubhedrsl, cnrd perfect hexzgoral prisms with
siple vyrenidal ternicvsticre exterd intc pertislly fililed
miarolitic csvities.

Flcres of oriented fluid inclusione, filsz entsl mag-
retite cryst ilites (ple. 5, D), 2nd liresr agerecates cof
orecite grains gre presernt in the felds»sr £nd quartz,
These ere oriented in the sane direction &s *he yusrte-
feldsprr intercrowtns, *t:e elcrgatiocr of scherulifes, £nd
tie leyers cf uwecretite grains. Alsc irncluvded ir the
cusrtz ere zircon euhedrers up to 17" «icrens in length.

Again hematite, leuconxere, 2r1 vericus cther #1ter-
aticn prcducts cloud the rceze oSeccrdery cficite is
aturcant in tne felty fidrcus areas and interstitisily
between quartz graivs irn “he centers of splerules, Its
color is yellow zn. its form is rzdietirg "books" of

scrles, no "booX" more tharn &2 micrens in lereth.

"ed Rock", Tvpe 4: “xamples of tyve 4 crop cut at

locaiities 39, o0, and c¢Zs A specimern frcm loczlity 73

w2s obiained frcm a s*rdstone ccnglemerate coverlying the
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"red rock"., TWhether the corglcmerate is ir the Ashbed
grcup or in the "Great conglcrerate” is net knewn,

Specimers cf tyre 4 appescr mottled megasconiczlly
(vle o, A, B)e icroscorically, the 1isht cclored spots
are aggrecates of cusrtz crystsls »nd the dzrk aresas are
rasseg of radislly fibrated felty material srd mirute
quertz gr-rules. Actuelly, the basis of the rccxz is guzrtsz,
the darx meterial sczttered through it in Jageed cetches.,
"his imparts tc the rock & breccisted or stignleli asrcect.

Althcugh alize texturs1lly, *the deeree cof crystslli-
zatlon of the several samples 1is differcrt. The averecge
diameter of guartz grains in lizht colered areas of the
rock from lecezlity 6£ is 47 micrens, and those in specinmerns
frem loczlities &9 and 75 average 80 microns. (uartz in
the specirtern from lecceslity o0 is intermecicte between these
ir size., Tther minersls vary proportioraily. <uaartz ic
the light colcred aress mey, however, te as larze g2s £77
micronse. It 1s generally sutured ard irclufes strires
end layers of subricrcscopic onague grsins srd small fluid
inclusiors oriented irn the piane cf flow.,

The derXx sreze of less vell crystzllized svecirens
are comosed entirely of fibtrous znd tufted cdevitrified
glass-feldspsr nixture in randem oriertaticn, =2nd mnse-
retite gr:nules. Mne macretite aversces £ microuns, end
the fibreocus tufts 4C micrcns, in dismet r. 1In *he mcre
cempletely crystallized sgecivrens, ecuant enhelral qusriz

grains are esscciated with the fibrcus tufts, both



averagirg 40 microns in diemeter. 3721l unidentifizlie
feldsusr crystels were noted. T™he rfeldsi-rs are scmewhet
lzrger in epecimens “rom lccaiities 909 and 76 than in the
specimen frem locaiity 6C, but they vary little frem 2n
averace dicmeter of arnpreoxinstely 10 isicrcnse 3Sirce there
are ro enclaves c¢f sincle mirerzls, thne dark areas are
hoacgenéous througheout.

Cpherulites cf fibrous materiali &nd smell crtheciase
crystels becone better develoved with ircrezsinz crystal-
linity of the rccis. In the samples Trom locaiities &9
enG 75, spnerulites become comnound, ccrcertric lzyers
cf feldspsr-cdevitrified glsss mnixture 2iterrztine vith

gurrtz (vle ¢y Z)e “fany cf these ccmround srherules heve

dir neters greater tian 4 willineteres  lcereeted crrstzl-
1ites of nasretite gr-orules ra2cicte frcv *he certers of

Sulksrztericel cogre~i tes ol g vretite graics srna
szeleton cryssals of weéxnstite, totlh e 1l ree ¢e 77 1niceers,
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are everly distrivbuted a: tiircuchout

-

the rrcxs J all, perlech, euhelrsl ziccrre fre ecsocin tedl

with the 'zrretite phenocrysts (pl. o, IT)e Tuhere, ir very

AL upususl sbtructure prescrt in tie carple fro-
locriiby ¢v 1s o Zriscture, «vidertly Jurel durirng ccorecli-

dztlcn of the rceg, ond riiled witk 2 mere fively crrsgt-llire



naterial of the same composition &nd tex‘ure. Tre lisnd
syeciaer exhitite porticns o this creezr which vere rever
filisds IY may Te fsgunca tonat at this stage the wezzna
wze too visccus L¢ enter the cricx (rle ©, Z).

Cther ther the alove, troe 4 suecimtens z.e similar

to other "red rcex". r.enes of fiuid irclusions vith srsil

ee2s bubbles, snd pl-res cf rasnetite, ere yresert in quertz

-
el
®
o
o
‘

gnd Ieldsvér. Zfeccndary cslei dusty nexstite, leu-
coxere, end kKaclin wmirerzis ccver 211 pertions cof the rocix.
Also, unilerntilietle viriditic mzterisl acssncisved with

macnetite, ard egpoesring in interstitial snzces betveen

Lacrtz acd ortucclzse, 1s present In suall curntities.

e,
(%)
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fed Zeck", Trpe O0: Trpe & reocizs cre erhanitic-

[}

Itic to aplitic-=porpnyritic in texture. 4 specimen

3
o
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o coneists grincipally cf sutured qu-rte
findividuzlis ebeout 107 wicrens ic cicaeter, orthoclese
prenccrysts, zrd magnebtite grsins.e A specimen Irom
lcec=1lity 1lo, occuring as an included pebble in a con-
glonerate lens in the Ashtec group, nas & basis net so
completely guzrizifercus, vut composed of microscopic
unoriented crthoclese lathe.

l'azretite phenocrysts in this specimnen reach dimen-
tions greater than 1 millineter end esre cften rearly
destrcyed by the growth of a light green, scaly, unidenti-
fiatle seccrndary minercl. Izgnetite phenocrysts in the
specimen from locality 173 are smzller, aversging about

€0 micrcns in dicmeter. These are usuzlly euhedrcns or



semi-euhedral s¥keletor crystzls, meny of wkich hLave cclumner

outlines, or are zgperecstes ol small grairs. 2Reth specirens

are filled with glcbulites, longulites, 2ni trichites of

megernetite, occuring anywhere in the rock, ard assuming

crzrdcem orierntaticr except in a few uzrtisl srpherulites

in the s¢pecimen from locality 1lov. 1In these, they are

arranged redially with resvect 4o a certral peint.
Crthcclace wes the conly feldspzr iderntified.s It is

located in the sreas c¢f partisl spherulitic growth snd is

assoclated there with fibrous devitrified glass-feldspsr

material. It is developed as laths in these pertiers of the

grouncnass which are complietely crystalline, it is found

as intergrowths with guartz, and it occurs as phenccrysts.
In the areas of vesrtisl epherulitic growth, the

crtheclase crystsels are eleougzated, twirned according to

the Carlsbad law, =2nd avercce sbout 10 x 47 micrens.

As laths in the groundracss, it is gradstiorel 1in size,

but a tendercy to group irto three sizes is anoerent.

~

Tnece z2re approximately 10 x 47 micrers, 37 x 120 7icrore,
and 18C x 557 microns. Czrlsbed twinnire is comror in

the laths and is aimcst universal in +*he vhencocrysts.

T™ne phenocrysts, highly slterec to kaolin, snd filled with
layers cf magnetite, ferritic grains, &na fluid irnclusions,
rerge up to 1 x 3 =nillimeters in size. CTlincdcmes end
various obligue faces ere present on scre crystsals.

I'icrographic intergrowth of quartz snd reldspar is

comron, but the orthoclase, rather than crysteilizing in
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dendritic forms as "¢nebach twins as cescribed earlier,
exists as separate, mcre or less eguant, euhedral, and
untwinred crystels arrsnged in lines pzrallel tc a micro-
scopically well defined, tut megascopicelly unobservable,
folization.

quartz is orften twinned in the section frcm locality
116, The twinnirg is especially noticeable in quartz
occurring in a primary fracture whicih wzs filled by more
acidio later magma (ple ¢, Z). The ¢ axes of the twins
are parellel, 2nd the twins, if oriented parsllel to the
proper prism face, will tecome extinct as a unit. Usually,
hovever, extinction 1is progressive, and loocks much like
the albite twinrning of pilasgioclzses. Associsted with
quartz i1s subhedral zircon up to 370 micrens in lerngth.

"Zed Rock", Type o: Rocks of this type vary in

megascoplc aprearance in that some, 1like the specimnen from
lccality 74, are uniformly dark brown and appe2r completely
aphanitic, while others, includirgz a sample of the supvos-
edly intrusive rock from the hill ugcn which stsnds the
Pergland fire tower (4¢° 47' T., 89° 33" W.), possesses
numerous small light colored spots snd feldspar phenocrystse
T™ils rock appesars in the literature as the "Chipnoewa”
felsite.

I'icroscepicelly, the basis of all specimens of this
type 1s a micrographic intergrowth of quartz and orthoclese.
The quartz individuzls average £1C microns in dalameter,

have sutured contzcts, and ere eguantly subpolygonal to



subcircular in outlire. TUpon incerticn of the upper nicol,
the specimen assumes the appeararce of a "buttermilk cky"”
(the intergrowth), superimpesed uvnor a larger "patchwerk
guilt” (the sutured equart quertz crystals) (pl. 7, 4, E).

The intergrown subhnedral to euhedrsl feldsper 1is high
potassium orttaccieses The crystrls are slightly elorgate
and average 7 nicrons in dismeter. 1!ost gre thinner than
the tection a2nd, therefore, go extirct with the erveloping
gquartze. These are orierted, long axes rarzllel, in lines
ard in bifurcatirg and brerching linear grcups like sirilar
structures described in svecimens of type 3. The linear
grouprs transect boundrries of the quartz grzins without
chenging directicn.

Licht colcred areas in the sgecinens frot the Perglard
Tire Tover hill sre merely zcnes cf relatively clesr ¢uartz
whienh have ne intergrown crtoccl:ses These Zrezs zversce
3C7 microns in diameter erd usually corta2in sever2l cuertz
irdividuels. Cccasicrally, kowever, a sinsle crystal, as
lerge as ©C0 microns, will ccnstitute a 1lizht crea. A
progrecssive tercency to euhearality is apvarent ir guartz
crystals in 8 traverse of *the section from an area of
ictergrowth tc an ares cf pure quartz.

Lourdirg and projectirg into the Lusrtz erclaves are
elorcates euhedrons of corfthoclacse aporoximately 1C x o2
nicrcrs in sizes Tie-e are apperertly urtwinres, 2i*hcuch
tne presence -f ferritic msabterisl miszsnt obscure such

structures. Also in the guartz are curved ard irter-



cectirg perlite-lize cracks filled with macne*ite
grenulese

Tne rock from iccallty 74 also bzs aress of jusriz
more or less free cf crtucclase, 2itheueh they ave net
megascopicelly apparent. This is due to the cerntinued
presence cof intergrcwn ortheccizse. It is, hovever, in

-

lesser amcunt ard nmore widely dispersed shzn elcewhere.

1

-~

"he [feldspsr cryst ls, averacing eurroxinebely 8 x £

C

micrens in thece sreas, are unoriected zrd 1z reer then
tauose in the rest -2 the rccks The guzrtz uere, az in
eimiisr areas of othuer specitens, terds to becore euhiedrs1l
ard to possess curved crackes filled with agretite
crenules,

Juhedrore ¢f zirecon vy tc 1°C -icrorsg ic lereth, znd
grsing of ephene less tbhean 1I wicrors in lergth, ere pres-
ent ir small yuantitles as irclusions in tne quartz of ell
specidnecse. Biotite ir very swgll sra tiin flskes 1c slse

nreser.ty tut usuzlly occurs associr ted with, or relatively

nezr, groups of mzeretite creins cr nenratitic zores.

“agrnetite 1r all erecimens varies Zrom 1 %50 170
Ticrerns ir distcter, tut a 1l-rze nercent=ge ¢f *the grzirs
£all ict:z cre of three disticvet eives, € microrns, 1O

micrors, ard &0 ricrens. It is much sltered to hematite;
leucoxere 1s rsre.
e cnly reel difrerence btetveen trte ctner specimers

of type o zpnd tre s _eclrers from IZervlard Tire Tower hill

1s the developnent in tne ls=tter of crthoclzce phenccrysts.



Tese are elcrgate, up to 1.1 millireters irn lergth, 2nd,
1f thcse expcsed ir *the thir secticns °re represerntative,
untvinned,

T7aolinization is frr zdvenced ¢rd ferritic m=teriel,
mestly hematite secordrry eiter wsgretite, t2s so thor-
cughly clouded the roct that mineralogical identilicztion
1s often inposzibles The feldsp2rs, especizlly pherno-
crysts in the specimen frcm the fire tewer hill, sre mesked
with these glteration prcducts, stairirg thew darz brecwn
and recvderirg them ircrravle cf reactine anisctrepicelly
unéer crcsced riccls,

"ted zock", Tyre 7: Cnly one thir section cf this

tyze of rook was made., The specimen came from lccality
75 end cccured, as did cne of the specimers described in
tyre 3, as ear ircluded petble in a eardstone ceorgleomere’e.

™is thir secticn is eimilsr ir mwicrcecopic charse-
teristics to these of type o, bubt is zpproximetely twice
as coarsely orystalline, with quartz crystzls averaging
450 micrors in diameter as ooposed tc a diszmeter of £17
microns ir % pe o specitens, The size ratio cf other
wminer=1ls is similer.

Crthoclese is again intercrown vith quartze. ™he
separate euhedrons average 15 x £0 micrens and sre thirner
than the section, gcing extinct with the cuarts ir which
they are included. OCnly an occasional crystal stows
specific mineralogical cucracteristics, and cotical measure-

merts of these were the tasis upon wnich they were identified.



As described tefeore, clesr sreas are produced ty the
failure of iutergrown orthoclsse to ceompletely fiil the
quartz. The clear areas thus left ususlly hzave polyccnsl
cu*lines, not ic the shape of guartz crystsls, but scuare
or rhomboid. The cause for this habit cf parasllelecgramme-
tricity of clesr zreas is unkrcwn to the writer. 3lightly
lerger orthoclase crystals prcject irto these clesr guartz
erclzves, which, In this specimen, averace £57 microns in
diameter 2nd &re usually a single individual.

Crtheoclase phenocrysts ere considerably altered,
untwinred, and similar in every respect to these of type ¢
except they sre lezrger, averaglirng £ x 3 millimeters.

lagnetite acgregates as larce s 1,5 millimeters, and
made up of lcosely grouped, ¢ micron grazins, are scattered
throucsh the rock (ple. ©, F). Somne of these ageoregstes
have been oxidized %to :ematite, the hemnatite spreading
threough the rccx snd enlarging the area covered ty lerritic
raterial tc 3 cr 4 times its oriziral size. “agnetite
eunedrons averzging 370 microns in dismeter cre also
ebundent,

Other prinary wirerals are blotite, calcite, &nc
euhedrsal zircor. The bictite occupies cracks in cusrtz,
and calcite is found as clear, frsctured grains, sutured
to qusrtz ard surrounded ty it (ple 7, C).

Secendary calcite is abund=nt. It replaces both
feldspar and qusartz ard, further, tends towsrd selective

replecement of indivildual qusrtz crystszls, assuning thre



original sutured quartz btoundsrles, rarely transectine them.
The replecement progresses by precipitetior of smell cal cite
crystals which evertually coalesce by ceontinued growth.

£11 czlcite crystsls replacing one quartz indivigusl will
assume the same orientation and, when the c¢uartz is cor-
pletely replaced, will go extinct as a unit as the quartz
orisinally diae. A "ghost" of the criginal microgrzphic
intergrowth texture is preserved. Thus, cne not acguasinted
with the specimen, and viewing it for the Zirst tire, not
knewirg otherwise, would be inclined to believe it a

orinary mirer=1l.

"hed Rock", Tyre 8: Specimerns classified in type 8

are tne pyroclastics. Sirce such frzegmertal rocks occur
urder a variety of environments, both endogernetic angd
exogenetic, they can te expected to possess wide renges in
physical ¢rd minerslogicsl chsracteristics. They sre
extrenely daifficult to describe sufficiently accurately
thet one nct having seen the speciren can picture 1its
gpoearsnce. In cases like this, ore phectograrh is, indeed,
worth ten thcusand wcrds. ™he srecimen *c be described ie
from locelity £2, the only cutecrop or pyrcclastic recks
of which a satisfactory phnotogreph is svaiisble (pl. 11, C).
This rock is type 8. Two larce included fragments,

aporoximztely 30 miilimeters ir dismeter, have all the

cnzracters described in the sectior on type 3 rocks. 1In
addition to large fragmernts sre esmall angulisr vieces,

varizble ir ccmpositicn, and evidertly the result of



brecciaticn or exfoliaticn orf lzrzer fracsrents. These
range in size from &2 microns to about 5 nillineterse.
Although rot sacwn ir the secticn, a full rence of fracrert
gizes, from very small ores to blocks several decineters

ir diaweter, is vrobebly present,

The fragments nave come from rrevicusly consclidzted
end differentiszted materisl cnd therefeore include those
which have discontinuous, closely sr=ced strirgs of masg-
netite granules, and thcse which are ccipeosed cf btrown,
semi-anisctropic, felty saterigl filled with microcrypto-
crystzlline ferritic erains. Eroken pieces of zircen
crystalsg up to 0 wrlcrens in dieneter, and angulsr rock
fracments which irclude numerous sutured quartz grzins
with strirgs of fluld irclusicres, are also present.
tieces of rock with well developea and reistively coarse
folisticn lize thcse cf type 1, and frsorents of srherulites
with attached daark bands, minerslogicslly ard texbturally

1

identicel with oorticnus of the fcliaticr ol type 1 rock,
are atuniant (pl. 7, D). This is to te excected since
specimens of types 1 2nd & &re cserarable only in cegree
of plarnarity of follation; tne degree of cryst:llizaticn,
and the numrber and tehavicr of minersls in the two types
i1s identicsl,

"ne presernce of numerous fréguvernts of perfectly cle-r,
colorless, vitreous glass filled witn “senetite grorules

and with elongzzted fluid inclusicne, a Lfew of which imve

(]

very smnall gzs bubbles, is unusual.



The tregmnental materiasl has teen inundated ard cementead

by still fluid pecrticns cf the seme agma, Lilfererntiation

m

tetieen the inclusions and tie cererntirs materisl is diffi-

cult aue to cirtinued Ifracturirg trrcueh toth the cerentirg

ms terial ard the lrzemente, Tota ol vhich were later cemernted.

As this cycle orozressed, *‘he reiairire ragra Leceme core

acidic, vuntil the latesti frectures vere filled with guartz.
™e ceunenting waora conlirns to typre O rociz.e “icro-

graohic intergrovth of c(rtheclase cnd cusrtz is com.cn

@]
“-e

cuertz is sutured; eunearszl zircon up to 112 wicrors in
leneth 1s vresert in €781l cuartitiess Ltrsired gquartz is
evidernt everyvwiere, znd larce arcas ol pertialls cristellire
devitrilied g¢lass-Leldspar vixture occuidrzy as Ir-ctured

, L 2.0
a’n:fx_; ey Lilc

r

\+]
&)
m

2r ctures T111ed witiu yuzelz, &sre scsviered

thrcush the rcecke Tuese Irectured spherulitic erowtihs
are, ir thuls svecicen, nezrly isotropic and rzrze fiomw
dzrg VLrown tc tlacks In rost rnlaces *these spherulites
aie surrcunded Uy sirucus end {isceontinucena tends cf wo. -

retite gralrs, tyole=l of %ype Jo

2 resales of 5 Liotn .- Tterisil Lecone

scliculsr

i)

(N

csbines pro:iessively end at a slisht poeitive anczles A

iaict grenulsr texture in these agzrezates =%, or just telow,

the 1init of resolution cf tie eye-ricroscose ceozbicaiicn,
is infTerred to Le ainute crthocisce crystuais a few nilli-
microns in dlameter avd asrrsvyged 1a verzllel crientstion.

This rinersl couvid, by %re eii;le criterium of sii:cht

positive extinction, be iuferred to lLe plagiccicce.



“cwever, erter consideration ol the f=cte th=% rlaziocl:zse

wze Lfound exclusively in Tibreus radiztine tu

814

t.

m

1. ~
uhs

cr

tre

L%

D}

texture in cuesticn iz, 1li%s %the ususl quzrtz-crthoclase
intergrowths, ir lines o0f grarules =-z2ltheugh snsller tnzn

usual, &nd thet the U

j\nl

¢zground raterial ap.ears to be
honogzenecus like qusrtz, ite idertiriceticu a2s orthcclzse
is Lfeit to Le correct.

The bandiang in tie cerentire material ccr.loras to,
.and wraps srcunud, the included Ifrasientse The fragmerts
heve been attaczed, corrcded, and enbezyed Ly the cementirg
materisl, and as a8 resuit their crysftellinity has bveen
consideraltly reduced for distances es great as 3 nilli-
meters into their interiors. 1In rany places, the outer
edges or tue fragmerts nave vecome colorless to brown glacs,
filled with nagnetite grznules (pl. 7, ©).

secondary calcite as yelleow, radiatirg packets of
scusles, has renlaced lerege yuantities of glass, felaspar,
and quartze.

Easic Rock within the "Red Aock"™ Area; Althcugh ncot

properly a part of this paner, several basic rocis gasso-
ciated with the "red rock" are described.

™i0o dike-1i%e Dbodies cf aark rcck are found witkin the
"red rock" &t localities 13 and 15 on the upwver Carp River.
The specimen frrm locelity 13 exhibite a rfaint megrecoric
lineztion which is reprcduced wicroscorically by sub=-psrzllel
orientation of elongated vlagloclase laths. These range

in composition frcm Ab72An28 to Ab7oAn24. They are often



- 57 -

tent into simple or sigmoild curves, ard sre anproximately

£5 x 128 microng in size. Zetween these laths are 17 to
4C ricron grains, giobulites, and spicvlites of magnetite.
Eeing interstitial tc the reldspzr, they are also in
linear orientation.

Unoriented vlaecioclese phenocrysts averzeing 1 x £
millimeters are scattered throueh the rccke ™nelr comno-
sition 1s approximately Ab4oAn54 and twinning in them is
uncommon or is obscured by ferritic naterizl and fluid
irclusiouns.

The specimnen fron locality 15 is exceedirgly fine
grained, but has oecasiorzl phenocrysts cf feldspare. This
roc’t fractures concheidslly to “nife-lize edgess The
grcurdmnass consists of clagicclase laths of compositicn

Ab76An and averaging 13 x 80 wmicrons, although they may

£4
renge from 1/4 to 4 times this large. Associated with the
groundmass feldsper is euhedral, eguant to prismstic
magretite crystals 3 to 15 microns in diareter. ™here are
also patches cof raznetite 2nd quartz, the quartz strained
and going extinct in an extremely wavy snd discortinuous
ranners

Feldspar phenocrysts, averaging AbbbAn34, end zoned,
are scatterea through the rccke They are never mcore thanl
millineter in disneter znd are hiesiily twinned according
to the C=rlsbad and alblite 1laws.

Evenly dispersed thrcugh the rocz are dark patches,

up to ¢ millimeters in diaseter, and consistirz of ccrcen-



trations of "agnetite and pennine. TFennire, an alteration

rroduct ol tasic silicates, is 2 nember cf the chlorite

groupe. The iron for this nineral was crebatly derived

from magnetite. ™ie dark mireral cciceatrzticns, elthough

corntzining nany smell cryst-llites, tend tc h=2ve rectangular

outlines, and the terdency for reagnetite grarules in them

to gather into linear strings oriented parsilel to the

long axes of the desri corcectraticrs is evident (pl. 7, 7).
2ther secondary products are kaolin snd srall quanti-

ties of evidcte frowm feldspar vhenocrysts, and Lemstite

(o]

from wagnctites The renatite is in aust-llke rarticles
and clouds all :inerelse. A smell zwcunt of seccrdary
calcite is also cvresent.

Basic Rock Cuperincumbent uron the "ied Rock": Easic

flows overlying the "red rock" are usually guite vesiculer
rear their tops gnd their bottors, although the vesicles
are cenerzlly smalile Thev ore elongated and oriented in
the cdirection of flcwe They are filled with secordzry
ecidote, quartz, and mnicrolites of calcite ani eridote.
T™ne microlites are intergrown with the yuartz.

In a speciuner from an cuterenrn 4C reters downstirezm
(north) fromn locality 11, the irntervesicular material is
s1all plagioclese laths criented in the cirecticn of flow
end renging in albite milecule froz 70 to 80 percent.
Unoriented vlagioclese phenocrysis which are, curicusly,
urzored, range in albite nclecule from o2 teo 70 vercent.

Cleavege planes in these are often filled with tictite.



Fferritic materiq@l, westly hemstite surroundire mege-
retite zraius, is abundant to the noint of :akirs large
sectiors cf the rock completely biack. These lcrge crnzyue
sectlons are nore or less sprercidel and are evenly distrib-
uted througshcut the specimen.

Another svecimen, from a locziity avpreximrtely 17¢
neters dovrstream frem locelity 11, is highly vesiculer,
even scorisceous. The vesicles, arringed in rude lices,
averacze avorcxinotely o0 nicrons in disveter. The cricinel
vesicular struchture has been vnreserved tut mcet inter-
vecicular saress rave tecome opague vith secord-ry rerztite.
Zpidotizaticn of the groundrases is nezrly ccmpiete, end
guartz erd c2lcite constitute the rest of the secrrndory

Fal

minerslizaticne Tc coriringl feldsvurs fre left, ror cre
cseudomorphic cutlines of then retained.
A soecimen from locslity 13 is also highly vecicular,

-

17 millineters in di

Y]

the vesicles 520 icrecns te reter.

(

The specimen comes frc trhe extreme bottom of a rlow, &ard

)

the vesiclies, whica sre elongeted =rd crucned, decreace
procressively ir size and nuunber tcwevrd tre cernter, end
disapresr entirely vithin 4 meters.,
T.e poorly criented feldsprrs c¢f the grcurdrass are
An, o Cpague ferritic acrees 2re yrecent
7CT o0 -
ir the groundrass of this svecimen, but the vecsicles zre

a:proxisately Ab

1
{

filled vith beautilul, clesr, subnefral quzrtz w!ich

often surrcunds srd susperds the broken walle cof the

vesicles. Cmall (uavtities c¢f cecerd -y enidote are



(]

=in

1

glso fcurd assccizted with tae yusrtz vit “re vesicles

Fzeic Rocx within Zardstere: T ear the Toeoresuch read,

acd ao roxinately ¢4l meters scubth of tre rcirt vhere the

rocd crosses Trion Rver, 1e a ussic dizZe irntrudire z e2nd-

stone. Trhe sendstore strikes O
e basio reck is golitic =nd resrly tiasck. Althove

3

1t 1is not entirely exveocseld, it 1s thousnt tc ve a dize retuer

tcan & Jlow, tecause 1T 1s much Zore teacsic

:end laces vesiclesse IT Trerds 1707 znd dips 42 nerth.
ilzzicclzse 1xths in "logy Jau" criertzticn and everzoing

£20 x S0 uiccous are tite vasis ol tre recie TMhelr com-

_ﬁﬁ~o4_ . \ o . ,)1 A . R L - - A -
pcsition rences Irou “Ungngg to nbqun4D. Jluid inelusioeons
lyinz in clesvage nlenes vere noteds. Interstitial uetween

the plegicclace letas is pigeonite, tut unususl pigecorit
in hevics ar ex®trewely s2311 axial zrzle.

'netite euhedrons =2rd szeletbeon cryetsls, wny with

[4V]
™

oristatic ocutline ard egverssice 177 icrons ik dizqeter,
are sczttered throuesh the rocike A few, ncwever, erec éesg
lerge 28 ©7C microns zr.d a few are &as small as 40 micrens.
Fiotite, ir snall thin Iflskes, is zlso present.

A secondzry "irer:sl, pennire, ic relctively abturdznt,.

It replaces toth pyroxere =nd feldevar, end crystelliiczes

"

as fibrous, "Terlin blue", ag:srecates which show the negstive
axial ficure unéer crossed ricols (2l1. 3, D, =z)e It is
a2 merber cof the calerite group, occuring in metamcrphic

and zltered rociks,



.

i
tod
‘.J
w
L3
o
'S

Th e T 43 S
dd’LLJJ.h\r- Z ulCT‘. C

Cpeciwen froo loceslity ¢ iilustraticy der?” crd 11

ST
4 <

leyers, eunedrs1 crothocicse

(&)

stzls, anu wa retite

prenocrysts In the  uesitzilercus layerse It :lto

shows sp-arullizs with btilurcatir: ue.:ztive sxisl

[ ]

crogsese - lcols crocccle X lé,

soeciren from locelity o showics Territle waterial

fu
w
°

w.lcn %ends to Ve ucst deuse resr tre Garl brro

pecisen JTrouw iocz2lity o4 showins teilurices ir crtho-

clzce, multbtinle lzyers of uwz netite srenules comvosing

Po 3 ~ [

ene Ssot Gowd, and orlerntsticn oL elon-ated cryss-ls

ncruel to the trend ol Jlew bsindse Ticols croscssels X 1léb.

Sreciuven from locality d4. Czme Tiela ss Co 1cte

soherule lv the guartzilerovs bsrds ITlain iichte x loe

Zpecimer. Jrom 1oc21lity 5o showins conteorted foliation,
¢

maltigle Jderk lz; ers sepzrated by varticlly cr;stellive

materizl, srd peretesticn of veatbierivs zlotg the dark

lererse 11cols croeselde X 14

Specizen Iromn loczlity o9 sitowires & dietivet sereraticus

~

o mucretite crystzls. Tiain 1izht. x lc.



PLATE 4
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Sxplaveticn ol Tlate O

Tpeclimen from locz2lity T¥. Interorcomn cuzrtz eand

3

crtroclzze 715k "butiernilz sig™ zszects ITlain licht,.

- ~ =
N e

£ dowing spuoerulitic ground-

&

cirenn Jrom loe=liit

M

o)

mzesg 2nd euncirszl crthoclzce ik quertz erclaves. Orcossed

nicolszse x 14,

Zpeciren from leoe=lity 112 illustrating sinuvcus flow

Varding and quartz clots. TFlain li:-ht. x 16,

ipecinen Lrem loceality 7%. Zlongated nz.retite crys-

tallites. flain 1ichte x £80.

{pecimer. from lccaiity 8 cu the up_.er Carp Iiver
trzverse (ple lo, in pociet). oquartziferous spheru=-
lites counected erd o ernd erd surroundgdé by redio-

e
litic relt; taterial. Crcesed nicols. x 14,

Specimen from loc:lity 1 saowins torturcus flow

wdirge  Uerk% banls ars layers of marsnetite grzirs,

R& D

b:

$0
~
@)

Flain lichts x 1o



PLATE 5
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Zxzlaratiorn o2 Tlete ©

“oeciuen Irom lccality €€ clowirz vatchy srveararces
1@ licht sreas are Tuartz enl the duek areas are

nlcroceryst 1line feldever. Ileln lizht. x lo.

[ED

Specinen from lcocelity ¢2e {ane ield as A, Ticols

crossed, x 14,

’

fpecimen from loe=l ity 43 shcwirg ceomnpnrund spherule

-

mentss ZTlain lisht. x 10,

Specimen Irom loculity 73 chowing euhedral zircer in
mszne 5ite prhenocrystse. Tnte the s1cll elcneste mag-

netite crystsallites, 7lain lignhtese x 20,

n

vecirer from lecslity 1lo. This 1s 3 primary fracture

,
'S

f1lled with & macra of cuartz zird zircen. lote smell
twinned guzrtz neszr the bottome ™ne twinnire iIs parsllel

to the o axise. Crossed nicols. x 57,

Speciren from lcezlity 73. Tiis is typical of laree

.

ctk

etive granules in rhenocrysteid

o

JNy)

(v

spongy azsreszates of
magesese. 1ote the "butternilx cky"™ guartz-feldspar

irnterzgrowth. Flain li-ht. x L0,



PLATE 6




- 97 =



fay

zznlzuztior of Tlate 7

dpecimen Irom Eergland Fire Tower hill ehrwing euhedrel

zircon inv quurtz euclaves. Ilain licht. x S50,

4

gre field as A shcwire the "petchwor® quilt” with

superimposed "buttermilk sk%y"., Crecssed rnicols. x 57,

Specimner from lcecality 74 snowirg prirary calcite (high

~4
th

relief) ir quartz. Totle snon s te

,"n

]

cn=tite ag

f"‘;

‘re

uq

Tlzin 1isht. x &8,

Specimen from leoc2lity 22 showire %he microbrecciztien
of the "red rcck"™ in pyroclastic zones., Tlain lignt.

X 1o

Specimen from locality 2. ™uis is the contact between
enveloping magma (uprer right) ard an included frecment,
The outside of the frz:ment has become glassy. lote
now the fracment has become dark brown with oxidized

ferrifio materigl. Iliain lizht. x 05,

Zpecimen frcn the Lasic dlke-lize body av loczllity 15,
The reocx is apheritic zud ccntains streigcht sided
acgrecates of dark uvirerzls (bottom). Plair licht.

X 1o
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wxplenation of riate 8

Stylized cemera lucida drawing of a sprnerule, cored in
ragnetite, and perietratire layers of wasnetite without
distortion tc Ehe layers or %o the sonterules 1ote
bifuccztion ol the negative axlal cross and She seversl

lz7ers of fibres, bounded ty raznetite granules or by

open cpsces (rieht).

Stvlized cznera lucida drawing of an ertollitic spaerule.

@

Tounded by magnetite, it is cored by guartz.

vecizen from lcezlity 18. Thals is a bzsic flow direct-

[€h)

ly overlying the "red rock"™. Yote the brokzen vesicle
wzlls, surrounded snd suspended by secoudary guartz,

Cricssed nicelse.e x 14,

Specimen froa baslec dize alcuog Yenesuch read showing

plagioclase laths £rnd secondary pernine. Tlailn light.

Samne field as U crossed nicolse X 52
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A

Coe

sxplaration cf Ilate 9

Diagram illustretirg varicus forws that irciplent

<

! are in the "red rock",.

0
[(7]
w

cnetite crystals may a

(%

rawing of the planiocliticzlly

[&))

Stylizec camera lucida
arrarsed radiel tuftse. They orieirate 2t a layver of

magzne tite gracules znd radiate subnormal bto it. Tcte

-
chk

N

¢

the strings of n2 ite grarules betreen adjacent

(

tufts, seraratinz toen.

Cacera lucida dravinzg of a peculiar intertoncueirg

intergrowta of anrrtz z2nd crincoclese,

3tylized cemera lucida drawing of a quartzifercus

layer in the "red rock" showire how crthcclzse crystals

are brozen ofl by differentizl movement.



PLATE 9




sxvlenztion of Flate 12

Diagram illustrating the z2ttitude of fluid inclusicns,
strings 2nd leyers »f rmazretite, ard ferritio materizsl
in quartz and orthoclases Yote especizlly thst ferritio
material occuples cleavege plesnes in crthoclacse end

that masnetite and fluid inclusions lie in the plsre

thet fluid irclusions trarnsect

m
o

flcwe L ote &l

i,

0
guertz boundaries but dao not transect orthoclase

boundaries.,

Zizgren illustrsting the sttitude of layers and areas

of masretite in quartz.

Lnlercec canera lucida draviirng of ore series cof fluid

(10

irclusions. Yote the occazior&l gas bubble.







Vinerslorical Arolyses of the "Fed scck"

""ineral Percentages: ’'ineral percentaces vere ottained

by counting units occupied ty the varicus cirerals in
linear traverces ccross the *thin ctectiors, & method Iirest
used by zcelwal (1338). This methed is corsiderably ezcsier
and prctally meore accurste ther areal estineticr by use of
a grid.

inerals in well crystallized sgeciere were ccounted
tarcuch the »icrcscere usirg an ccular micromater ard a
magrificaticn which ade sheort di enticns of the smallest
micersls ap.roximately equal in length to the firest
divisions or tue :icrouweters e irersls in poorly
crysuvellized or excenticrelly fine grsired specimens were
counted by passing light thrcagh the microscore ard, by
using s prism, vrojecting the 1vage onto a table. 1If
appropriately lined greph paver wzs used, the added mag-
rificetion by projection 2lloved linear units Intercevted
by the srallest crystols tc te easily crunted.

Cbviocusliy, determinations of mineral i :=rcencezges by
counting licezr units vould ve erroneous if traverses vere
made narallel to eutaxitic structure, since such structure
1s developed by differcntiation cf minerzls. Traverses
were, therefore, nade at high engles to sny linecr or
fcliate structures present. Aporoximstely 1,7CC crystsl
ditmeters vere counted on each slide. Tbis is mere then
is necessary, and sicce the method is rct of extreme

accuracy, especially in rocz as fine graired as the "red



roc", decimal percentages were rourded off to the nearest
percent, except in those slides where 1t was felt that
greater accuracy was obtained (table £).

"ineral Determinations: 3ince plzgioclases occur in

small amcunt, &nd oniz as micrecerypteocrystzilire ageregstes
with other minerals, they could rot be counted. IiZzewise,
ferritic dust, bictite, and sphene were not ccunted.
“erritic dust, elthcugnh in lsrze volume, 1s submicroscocic,
end biotite ard sphene occur cunly ir traces, their comtired
volures nct sigrific:nt to proper clessificaticn cf the
recee

Specirers witan gnartu=crthocl-se irtergreviths presentead
ar. unusuzl sroitlems The distrnces across orthocl-se cryrs-
t21s z2veraged approxinately & microns, ard interfeldspar
areas of queartz, approximately € microns. 1In view of the
fzct that countirg throuch this -sterial in eesch trsverse
of the secticns would irvolve an unrecessery emcunt of werg,
an average comndcsiticn for this meterisl wes obtained.
Traverses of 3 millineters were mace across this meterial
on each of ten s¢lides. Thus, approxinctely 1,777 cryetel
units per slide were courntec. 1In every case, the ratio
of qusrtz to orthoclase was 43 to 57. Ircm thaese measure=-
ments it was assured tnat similar areas in other thin sec-
tions would have siniler coupositicn.

Unidertiliable groundmess feldspzr was counted &s such,
and assumec te be 120 percent feldspere. This assumption

may rot be valid since such 2reas may include ccnsiderable



guantities of glass. <Clouding by ferritic material, however,
makes identification c¢f the minerals impossible, eard csince
the groundiass anpears anisotropic, the assumpticn that it
is feldspar is peobzbly uct f=2r from the truth.
Spheruiitic growtns contzin & variety of ninersl
matter ir such small particles that differentisticn carcnot
be rade. TIdlirgs (1899, pp. 41£-41¢) ccncsiders epherules
from Yellowstore Psrk to be composed entirely of orthoclzse,
The writer, unable to deternire the nirer:sls, witn the
excepticn of a hishly uncertzin identilfication of oligo-
clase in cne thin cectlon, wzs fzced with the recessity
of 2esunirg a cemposition net b2sed or exrerimental Jata,
Interestingly, and possitly significently, if &he
material in spherulitic grecwtis is assuned te cortain
queértz and crthoclzse in tne sane provorticn as wes deter-
mired for the micrographic intergrowths, the quertz-feidscar
rgtio of a large percertage of the svecimers will De
resrly the same (table £).

Classification: TUnfortunstely, the determination cof

mineral percertages was so uncertzin tiat synthetic ckericel
arelyses deriveé from mineralogiczl determinaticns fer
purposes of comnparison with srnalyses of acid extrusive

rceks from other areas, wazs impossible. Towever, they

were sufficiently accurate that clessification cculd te
mades A clessificaticr by Johannsen (L¥3Z, tpe. 141-1¢1)

was used eirce it is based uion the gercent-ge by volume

cf minerszls presert. It has the ad.itiorel zdvantage



7

“

11




that rocks cen te identified bty numter as well as by name
and, thus, do not suffer fromn the frailities of language.
According to this clasczilicztion, the "red iock” is
1153, T™he first number irndicstes that there are less than
S5 percent dark mirerals; the seccond number irdicstes trat

the plagioclese is more acidic than AbgAAn the trhird

10}
nunter indicates that the orthoclase is 1in larcer qusntity
than wuartz and that there is less than 5 percent placioc-
clcse; o denotes that the rock is extrusive.

Ey name, this rocz is %kalitordrillite, a rock similar

to the extrusive alaskites cof "he Tordrille ounteains,

Alaska, but containing less plezgiocl se.

Diescussion

Orizin; The poesitility thet the "red rock" is clecstic
—————
cr metanorphic must te considered. Tne evidence presernted

in the descriotions is overwhelmingsly zgceirce the "red roc'z"

K
teing clastic ¢nd o «cre need bve adiel uere., Towiever,
structuares snd Lextuses sirilzr o these in the "red reoc™
ere soteti~es deveiored in ~etamcoroulce recelre, escecially
these vhicih hzve been derived from clashics Lty grapiti-
zation due b0 litepzr-lit injection cr sllied process.
".erefore, a cionarison end o rtrest betveen Lue

el
L

struchuares £rd texbSures ol the Mrel roex” £i.d theose o

N

cht Le .z2de as Lfollows:

[

we tavorciics

{

(1) severszl gererations of :aireizl growbh are evi-

dent ir *he "rec¢ rcez". [ozretite, for icetazrce, is
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olter yrevert In ‘“hree, or even feur, disticvet sives,

wiile me tarorninic xirverals terd to le of one -erersbicu
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(£) A rormel pregrescive erystolliz: bico, tyiicad

&

")
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cneous rocs, bas tzren plzce in the "red reci", clder,

veele, uwirnersle includeld in yrurcer, more acidic, crese.

n oetziornulic reoeie, cryetillizstican ol =11 mivczals is

"
-

4

cffen ccrvemroinry, «rd vroduces a crysi=llotlastic texture,

all vmicerzls inclulec ia tiie cthers.s ZC1ier retamornnic
roecsis, especical y cortuct vetanor.aics, srow & reverse

ordey of crysb.1llizztion, zcidic wirersls forrinz

<

fiest,
followed by vasic “irerales.

grare, indiczvia: (icgressive crystsl=

ﬁ‘:

el

iy

(3) 7Zored

izaticr =rd progressive cihnree 1o com.csition, ere piresert

’_J

{5
(3
]
w

in every sveciuoen of the "red roe%x" stulicé. In ac

of metaworptic reers, feldsrars are urzorea, due %o sivul-

Py

r—l

taneous develeconert of all rinersle,

\4) 3Sbtarp bourdsried nrencerysts of guartz =rd crtho-

Pe ‘,

cisse, as fcund in %he "red reet", sre celdom develored ir

a{

I'"

rebtamornkbic rocvse Thencerysts in delzaorcuics sre ususily
high btemrerature arkyrdrous rinerzls more cr less the czue
size, &gnd in tue c¢2ze¢ of porptyretiasts, are crf'ern atreded
gnd rcurdeds.

(5) Cryet=1llitic growbtis cvuch as clcooulites, mar-
cerites, trichites, cumulites, crd sizeleton crystols,
abunisnt in the "red rcck", are rare in netarcrphic

rocxs



(¢) 3Srpherulitic ard radiolitic btextures =:e alrest
univereal In the "red rocx" tut are rare irn metamorphics.

(

The feoliation is relatively ccntiruous, with rinerzls

-3

) Zutaxitic structure is present in tre "red rcecz".

cryvetrllizirg subrorral to them in wost cases. In metz-
morphic rocts, true eutaxitic structure is absent. In thece,
only a lincation or foliaztior of minersls is develoned end,
dependirg uvon the type cf metamorrzniem, is either strictly
rornal to compnression or stricfly ovarallel to planes cf
weaxness in the original clzstic rock (¥, Y. iead, 1939,

ppe 772, 773).

(3) 4Althcugh scre crystzls in the "red rock™ ere
strained, they are surrcunded by leter crystels wnich are
not. Crrstele in metemcrphic rociks are gzererelly strsined
or deformede.

(v) 7Typical uwetzmorchic inerals, such £s stzurolite,

<rriet, sericite, actinolite, cyarite, 2rd tcurrmalire, are

[0}

universally sbsent in thke "red rcecx”.

(12) Tridymite, ¢lacs, 7rd octher priwary igreous min-
erals ¢nd ninerelcids, comuon in £low rocxs, ard fcocund in
the "red rockx", are rarely, if ever, C{evelored in wetamcrohic
T0CXSe

anner of Zmplacement: The eviderce indicating &n

izneous origin for the M"red rock" likewise indicates thzt
it is extrusive, aitiacuch textures srd structures in a few
specinrens misht suggest an intrucive marrer of emplacenert.

ocst "red rock" speciners can te recocrized es extrusive



rether than intrusive frem the following ccmperisons and
ccntrasts;:

(L) muff, agglomerate, volesnic dust, 2nd otaer
oyroclestic materisls are found at thne toprs of sore "red
rock" flows or intertedied with them. Fyrcclastic
ma terials of this type are absent in intrusive rccks.

(2) Zutaxitic flew structure is well develored in
most of the "red rock™. 3uch structure is, acceordirs to
Falk (1937, p. 91), weakly develoned in lacceclithic and
other near-surrace intrusions; nor is eutaxitiec structure,
witn wminerzls oriented subnormal to the feliation, develored
in di%es cr sills. 3uch rock bocies possess only a
foliation or lineation of oriented minerslse.

(3) 3Sutaxitic structure, as finely barded ss that in
the "red rock", is rare in intrusives.

(4) Glrassy textures, including spherulitic and crys-
tallitic ferms and glass, abundart in the "red roci", are
seldom Geveloyed ic intrusive rocks, and if present, occur
only at chilled ccrntectse.

() &Althcugh foilation of the "red reock™ is usuaily
well developed at, ard subparsllel to, ccntzete with &sd-
Jacent rocks, these contaet zones are not greissic, cor
obviocusly chilled, as is often the case in intrusive rocks.

(6) Although miarclitizaticn is not by any means
prevalert in the "red rocx", it is, nevertheless, much
more common ther in intrusives.

(7) Voids ir the "red rcck™ are cften larce, elon-



gate, and einuous, Voilds in irtrusive rocks, if cresent st
all, tend tcoward sonericity ard snall size becsuce of
greater nressure and less movernent,

(8) Tie "red rock" lacks pegmatitic zones --with the
excepticn of miarclitic cavities; intrusive bodies often
heve tnem.,

(9) T™he "red rock" is aphanitic; intrusive rocks are
usually vhéreritic.

(L2) ™ie "red rcei" has abundsnt phenocrysts in a
microcrystalline to microcryptocrystzlline cround-asse.
Intrusives seldom crystellize as a fine grained grourdmass
with phenocrystse

(11) <Fhenocrysts, althcough comnon in the "red rocx™,
ere lercer £nd mere abundant in lotrusive, esvecially
hypzbyssal, rockse.

(1) Tridymite, high tempersture 3i20¢, observed in the
"red rock", ie seldom if ever Gevelope? in intrusives.

(15) The length-width ratio of mnetanorchic mirerels is
ususlly greater than ttst cf the mirerals in tre "red roclzt”,

(L4) Tension fractures, forued in tre "red reck"

'

during consolidetion and inmwediztely filled with €

ne sare
ragoa, are not develoved 1n In*trusives. FTressure at egrcater
denths prevernts fissures from foraing.

¥ineral Fersgenegis: Interpretation c¢f the wineral

parszenesis of the "red rock", beased uron inferences de-
rived from observation cf mirersl assccistions erd textures,

end upon results of previcus investigaticns of extrusive



IR

rocs, escecially thoce ol YVellowstone Tarlz, 1is ac
follcws:

(1) "ne .agma rises in its cordult while cc:ttered
phienocrysts of feldsroir and snall oryetals zircon are
forminge. Tossibly some srall greirs of megnetite are 21so
formirng. These grains may grouo inte burdles teczuse cof

L 2

viscosity differerices or vecause cf turbulent flow of the
czazma past obstructicnes in the condult wells. Trovatly e
linezr or pizrar fluid compositiorzl hetercceneity is pres-
ents This may have teen developed Uy neesr-surface steping
of a previously ccrscilileted hetzrorernecus recet 2rd flow of
the differentially visccous msterizli iIn the corduit.

(8) Teesr the surfszce, the ~zgra plcezs un larce cust-

tities of grourd water, poseiltly iritistirg a new ceneration

[\V]
™
S
m
ct
Hl
o+
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9]
H
[ &5

of crystz1lizaticn of elds.2r cr tetk. "“he

reter 1s hLeteroreneously disperczed within the ragrz, taking

~

rin boe more visccus, vasic, vortiors oI the

(AN
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[
ct
'—h
(@)
S
s
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vagna, adjecent o tue navretite.

() ISxtravasetion ol the aszeia taZzes pizce, resuvltice
itz a charce of physiczl envirowrernt ( a teupersture or
vressure chenze, or tota). Annther sereraticn L nogretite

begias.

(«) ™e razma becores greetly

=

L)

extenaed Snrcuct szn,
",.e€verly aistrituted, very rereiretive, diiier:nsizl,
viscous ilou™ (L. E. 18y0, 1944, pe 60c)s ecre;.aticn of

macretite cryei~ls irto lzrers, zlcee witr the oro2ll

circon phenccrysts, is 2ccomplisheds These zie ce‘creted

&
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Ty legers cf £6ill £1uid, =zné more spcidic mztericel.s At this
time tridymite, which forus betweer 1473° C. cra 57°

Lecing to crret-1lize ~ler: vish the w=:netite in the Zzrk

.

(3) Tarticlly crystrlline sterisl forws =s fibrous

1

tufte resrly neorval o the lzrers of -zcretite

T L
4L U

[AL
=
o]
s
o)
1
.

crieinates at the asnetite lsvers =rd exterds swey [ror

1

tiien in eiltter directicon. Zone tuf®s cricirate 2t grouns

of rerretite cricules ville obtlicsrs cricivnate 2% tridymite

.‘

cryetzlse Teove errerites ¢l ~zrtrnetite 2rd egmgll fi=a%es cof
tictite develeon interstitizlly in the tults ol r=dis
goherulitic 1steiriecls The rzte of moverert o
teccures Vvery slow during tais versicd.

{c¢) Large crystals cf euhedrsl feldsiars fora st
the termini of the e)lerulitic growihs. As cersclidstion
0f the wmzgma prcegresses, the reuwzirirge fluld teco-es mcre
acidice Therefore, these eunedrsl rfelds - r crist-ls =3

-

- - &’

crtioclase, #rd extrenely algn potessium orsiucclase at thet.

rarers “nd sirirgs cof [luié irclusions occur 1n great nunber

in tlie crthociase. ™ 2re crierted, nect rzrzllel Sc the

[\e}

(¢}

cleavege, tut to the lov-rs of 'sonctite grains (the

foliaticn) .

(7) uartz, glong with £121l cusrtities of srhere erd

(’D

bictite, cre the 1l=st minersis *to crvetcllie ™e cu2rtz

o+

£ills the spazce between oprosing sets of ortuoclece crystals

end cccuples irterstices between *vem, wvidence trat th

3 4+

magaa is stlll movicg at tiis time is siocown o7 ortheclese
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crystals broen cll at their bLzses +#nd ircliined towsrd the

'a
=
o
o
m
L]
o
Hy
(o]}
[ aaad

fferertizl wovenent. Those in less reriily
crs «re irclined toward the Iirecticn cof Zrester
overert, wrile these in acre recidly mcovire layercs arve
svept fvay fron tre direction ¢f greztest movewrnt (1. 9,
D)e T™ie first Ifcrred guartz, which eccleoses sbunésnt lires
of fluid inclusicns oriented in the piare cf flcw, is
strained., Tnis indicates thest sore moverert of “he 1ava
ie st1il takxire itlzaces The last formwed quertz, completirsg
tae ccreelidation I the recex, 1s usuclly urstraived, r=nd
fluid inclusions, ¢lthough fewer in nunber ther in esrlier
forned minersls, show litile terdency to criert. This
indicates the leva izs ceased to move. At the com-letion
of ccreolidaticr, the feldsper phenocrysts zre well zoned,
w1ith rearly pure TAlSiS?d in the ocuter zore z2rd more sodic
towerd the center,

(3) <cubseguent to corselidstiorn, 2lteration snd de-

3
'—J

zes cce. C“ecorndary heratite,

Ay

vitrific-=tion cof glacs t
leucoxene, and kzclin, ir dust-lixe particles, ccver cri
otscure all =~irercls. GJecondsry cclceclte hss elec, in ravy

epreci zers obscured the origiral mirersis.

sviderce Irdicative a "Tet" l2rnag; ™ot a laree

quentity of water mes present in tke "red rocz" as assured
in nurter £ (p. 84;, is irdic:ted ty *the Fcllowing obser-
vations;

(1) ZIZecrezse in the juartity of vwzter cnd cther

1li¢uide in & magma increases trhe vapor pressure. Then



sufriciert cuantities orf i1iguids have Tteen reacved by
crystallization, vasper saould form. Vet, quartz =6d ortro-
clase, ke last twvo minerzls to crystrllize, zrnd after most
cf tne 1liyuids have been removed by crystzllization, ccntain
abundent fluid inclusionse Orn the cther hand, the fluid
inclusicns rarely ccntaln gas uubbles.

(2) With decrease in liguids &rd ferration cf vagzer,
vesicies should develep, but vesiculsticn In tke "red rcck”
is very low,

(3) For-ation of vapor tecszuce cf inadeyuacy of
licuids results in exnlosive eruptions vith ccrsecuert
Jorretion cf lerge guantities cf ournice, scoria, ash, 2rd
other exogenetic pyrcclastic materizl. ™he "red rccx"
has 1little of thls materiel,

(4) Targe .uantities of water 1esult in the ability
of & ragma %o remair fluid to much lower tempersturecs.
foruation of itrge cuantities cf guartz arnd srall cuantities
6f tridymite are irdicative cf low terperatures of con-
sclidation in the "red roci".

(5) 1Lizewise, develornuent of crihcclsse, rather than
its hish temperature dimorph, senidine, indic=tes a low
corsolicdztion temperacure.

{c) The presence of lsr:e usrtities of wzter results
in the aarmne naintainirg low viscosity at low tenperatures.
This is shewn by the extrere thinress of the eutaxitic
getructure.

(7) <ince minertls in the "red rocik" rave little



tenlency to crient vith their long zxes ic the vl-re of
flow, the nzgma must hzve floved rapidly =--rotwithstendine

i1%s extrewmely acidic 2rd, therefore, surposedly viscous

&

vature, znd come tc rest telore much erystzllization took

rlace.

3

(8) £4c will be breousht cut in the secticn on structure,
the flows are rel=tively thin, alco indicstive ol tlLe
extreme [luldity of the flows.
(9) ™he n2irercls for ed are deverdert u-on *the
precsence oi w:ter.
(12) 4is indicsted by Idéiigs (1399, p. 4£4), local-

ization of weter causes forration of eplierules in aresas

vicere crystzllization would net ctucrrise taie plzce.

I

Spherules are prominert in the "red rock", while clzss
is neto
™e assumption tiat shne voter was derived frem reszr-
. - r' .

eurface scurces wcs tesed, in nart, uson tue fzel Tiz

ter in soluticr

(]
=
IQl

zgrge can teld orly a srell querntity cof

mucn

cr‘

(e Je Chend, 1949, pe 33) . Zince it ie evidert *hs
izrger qusrtities of w:ter were availeble Thin cen te
dissolved iv a rzzua, weter must keve teen tresert in an

nd its orly scurce cculd te zround water,

[}

unéissolved st=*e,

P

In aifition, water origirally ic tle 'tggna vwoulil te horo-

s

S€o

gereously disperseds Tiis does rot seen to be tie c

-

Ls Tdlirps says (1399, pe. 420),
" e hetercreneity of trhe acid lavas, co far
&s is zuowin, is c-niired to the dlctr bu*lor
ol vajors, rresumztly of weter, ard sugges



that the water thus irrecularly disseminsted
has not existed within the magma lonrnz enouch
to teccme uriformly aifrfused. It must there-
fore te lco7zed uncn as water absoriea near
the earths surlzce."

Classificcticn: 4s indicated on pages 77 £nd 7¢,

tie "red reck™ is a %elitorariilite, or 113573, by
Johznnsen's classificsticn (1932, poe l4l-1lol)e It ic a
rocz high iv gusrtz szru crthocizee, ernd rtas less than O

percent each of dark wminersle crd acid plagicclaczee.
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rrimary Structures

“lowase Folds: The "red rock" is hirhly flow folided

in many placese. It ie thought thet these structures Gevelop
tecause of viscosity alflererces ir adjacert portions of

a flow (2. Be "nozf, end Zarl Inegerson, 1903, p. 13%) erd
that less nlastic portiors were dragged foreward by aore
£1uid adjecert portions (ple. 11, A)e Ir the "red rociz",

fclds as lsrge 2s o meters frecm trouch to apex, vere seen.

ds csimiler to

FJ

“ayo (1944, pe. ¢D¢) descriles flowzce fo

ct

nnse in tne "red receiZ", in a rojyelite neszy Lic Fine,
Celiforria, Sardlerz (L3943, one 614, 31C) descrilsas siviler

ic Zeweeravisr rlows =lcrg 'he ccast of

(&)

stiictures i sci
Ticrerota; these Llouws ace gossitiy correiztive +ith the
"red rocz".

Tne Girection iu wunict bthe iflow meved czunet le
de tereiced, s f£luld pertvions nsy occur 200ve, ¢ vell =5
belov, woic viscous porticrse Tuey aie sale rcsiic, lize
cuarwet ripole n&Lr.looe

e eutaxitic structure usually retzirs ite
co=plerarity (ple Ll, 2) even vien livelve. iv Ilow
foidivge

Tedlirey Tedlles 1s rot clearly evilent iu the lield,
tus a8t & few iocelisies, ¢ ad
Toverstmenh Teng, one 1s reculieu L0 zscers & sesles of

scep=liiec rives over seversgl Tllicowve

(W
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\ The uny Lreap™, o Tooldireviar worl coili, Totep™, s
"iost Used Ly ther i L. P - [ [N
~1 45T Useld O o€l 10 ¢35 i=ocacsic. L scere to uecobe ‘e

L

Lrowm fe Cillferentbicsd

weatherin, of superircusiernt 1avs Jiovwss) Foveves, ohe

cortacis Letieen Lhe JLlows 2.6 rob €apcselo €T E.E,
evildewtly, nil-niy veatlered, recessed, fri, trerelore,
coveired vwith bzluse A% s e, locullitles Tie ureceiztel

. . N o~ e ..., Y - — . . N =) o - ~ - R
QGyo_oel porliirs (L Liovis a.e ex_Oc-€d (2ie 1il, o)y allico

The eclUual COL.54CLE #1'e LOGe

edllive 1s vell shiowr on aerizl vpbhobo_i=.tse 1ot 21l

GIi L cos suow ok Site nhotozicrine, Lub preeltively iasni-
Jizlle otes ilre _lotted ow pizie 1o (iv pcciet)e Ircerest-
irgiy, tue "Chiprewa™ Lelsite al the IZersisnd Tive Toier
6lil 1s 2is0 bLecdeld, a tlicugh werny geolcriste Le2ileve 1t

“te flowe ere thine 4 tolct Jleowm would pictzilt heve

¢ flows sre probstly

Jeccrusoy Sstructures

o

Srechturess rectuies iu the "reu rocs" irclud

Joiuts rrd .aurbs (ple 11, L)je triste 1° chicns the Juze
poles of %5 IrAactures, &nd pl:

- .

eysivalents The purber ol poirbte 1s Tec f0ell to le stiati

tn

ticslly sccur~te, crd ths coatcured Jia_ rew, Stihereiore, is
Terely ga irdicabtion, crd not 2 true glchuse cf the ctresces

wnico tave scted on Lue "red reci". Cowever, it is felt
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Zxplzruation o2 Tlate 11

Contorted Iflow bznldine by flow Ioldirg in the "red roc"

m

ex2csed 1n en ocuteren 2t lece=lity € 1 icch ezuels

1 foot.

sxtrerely cosrse foliation cof "red rood™ et locality
¢Je lcte *the vesistince of more ¢nartziferous lajers

to veabtherir>. 1 ircn eyuals 1 foot.

Ccerse velicanlic ax-lonerste at locality 2. !ote
Giversely oriecnted fcliate btlocgse 1 iunca eguals 1.1

Teet,

Tear loczlity 11lo on the uprer Ce2ro Jiver. Intersection
cf tue bedlinz ol tasic Zlcows with a wmajor set of

Joints cortrcls the ccurce of the streams The leddinge
dips gently to the left ard ftoe joints dip steeuly

-

to the rizht.
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PLATE 12
FACE POLES OF 95 FRACTURES IN THE "RED ROCK”

LAMBERT'S EQUAL AREA PROJECTION. POLAR CASE
PLOTTED ON LOWER HEMISPHERE

BEARINGS ARE MAGNETIC

JOINTS AND UNRECOGNIZED FAULTS
® KNOWN FAULTS

RET 'S0
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PLATE 13

CONTOURED DIAGRAM EQUIVALENT TO PLATE I2

CONTOURS
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wore readings would crly corfirm

7

wie bt 1s indicated orn Lhe cortouaved dizgrsme

-

Mie firet feulting was shellow =ni steep srcvle strice
fzultse The rajor wovenent zlcux these [avlvs vas vVertic: 1,

tut a srzll amourt ¢f lateral movencrt acconnaried tne
verticel; tane scuth blocizs moved ecst. ™ne snallew faults
divn eitbther north, or scuth, erd wvrobauviy revresent chear
surfzces developed ¢s 5 result of subhorizontal norith-

scuth ccmoreszione These faults are irnferred to be
correlative in egge witnh the mein FPorcupine f'ocurtain feult -=-
wiich protzhly dips rorthwara, and with the oreat Zeweensw
feult to the south near Terclerd.

Lip fzults, usuelly vertical, develcoed later. Theze
are neot parallel, as zre the strike fzulise.e Mis may bve
becruse they trend near the strike of a set of major jeints
anG, in souwe cases, develooed =lont the jcints rather than
et an zngle to theme Tue vest blocks, in gerersi, moved

cown with resgect to the east blockse

viscussion

Eedcing: Structural obscervetions lendirz more evidence

to the extrusive character of toe M"red roex" =zie *he

)

folloving:

(A8

(L) The "red rcck"™ is beddec¢ ir tre form of a ceries
of l1ava JflcWwse
() Flowsge Tolds, present in tne "red recck", do net

geterally occur in ictrusives.



(5) The overlyivz sedimerts zri trzps are rot meta-

o]

worpnosed at tnelr tasese

(4] The "red rock" aprarently meintains one horizen,
remaleirz just balow %tane mixed bzsic extrusives and cedi-
meataries of the Ashbed groupn.

(3) “he cverlyirg sediments anl trzps contain fragmenis
of the "red rcck".

(¢) Yo overlying rocks were seen as xencliths in
the "red rcex".

(7) To apophyses or strirzers of the "red rock", sc

1

far as is zincwn, project intc the cverlyvirg roczs.

Since the "Chippewa" felsite is mineralecicelly snd
texturally lize *the "red rock", z2nd since they are beth
bedied (extrusive) and apparently occupy the same horizon,
thie "red recekx™ of the Porcupine Tourtains is inferred to
Le the saume foruxtion as tune "Cnipniewa” rlfelsite. If tinis
is so, the "red rcci" has a maxinum thickness of epprox-
imately £2,0CC feet, Cthe apiroximete waximum trickuese of
tie "Chipvewa™ rfelsite a5 detir-ired ty dizmornd 3drill
holes,

Attitude:; It is tocught that subborizontel, north-
south, ocompressive forces were respcncible for the develop-
ment of a larse fold in the Torcupire "curtzire, the rolad
sutsequently cenuded, exposing the "red rock™ ("Chippewa”
felsite)se Tris f0l1d treunds ap roxisately east and vest,
ouring this conpression, the scuthern 1inb of the fold

was thrust above the adjacert rocxs to hthe srutin. Toe



upthrown teds vere tent down in the vicinity of the fzult
(Ae Co Lene, 1911, p. 05E).

Later, norto-south rfauilting, the west blocks down-
tihrovwir, displaced the east-west f2uitsese This later
feultineg 1ay hcve been due to the developwent of tension
fractures in a rcrth-scuth directicn durirg the first
(east=vwest) fourting, and ncrnal feuits vwire She result of
relaxation of ccmvressior.

Cther forces hzve acted on the "red recok"™. Jviderce
frow Zelieticn readi.gs irdicabtes nurercus svall foids,
trerndicg btoth ecstb=vest and rorth-soutu, superimposed on
the larger enticlines TMails nincr feoldirg way be a rorthward
extension cf *the situs btion descrited by Allen snd Iarretd

(1914, p. ¢7) in the region of ILake Ccgelics

»
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“n the basis o the eviderce acculred in tne prosecutior
of this icvestication, it is felt thzt the followirg major
enrclusions are justified:

(L) 7Tke "red rnck" is igreous.

(£) T.e "red rock"™ was emplzced 28 lsva flows.

(

indetermniraltles,

) ™e direction from whicn the lavas came 1is

[S3]

(4) The magma was en extremely "vet" masra, end the
Zlows were, consequently, very tain, averg 'irg less thzn
S0 Peet in thicxiesse

(£) Tce "red roci" is a leucocratic rocikz, a kali-
tordrillite (11Z:2) by Johsnnsen's classiiication (1202,
PDe. 141-101) .

(¢} ™e "red rock” is the "lnipreva" felsite brought
to tte surfacevby derudzticn of a largs articline which is

)

thrust to the south over ycurger rockse. It is tne uvesszl

w

me 2ber cf the Adshbed gsrcup 1a trise regione

(7) 1Its total thickress is less than £,200 lcet.

~

(3) m™ie foldins wags probatly corrclative in time with

development of the great Teweenaw fault.
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