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INTRODUCTICH

Listory &né Frevious Investiration

For the past 155 years, a number of geologlists have
written on different portions of the Lake Superior casin.
Prcbably the first report of significance wes written by John
J. Bigsby, titled, "Notes on the Geograrhy snd Geolosy of

Lake Superior", publlshed in the, juarterly Journal of Sclence

and Arts, 182;-25. Retween 1825 and 1883, many geolocists wrote
copiously upon this subject. Consult R. D. Riving, "The Cop-

per Bearing Rocks of Lake Juperior", U,S.G.3. Konocraph V, 1883,

pages 1luy-2%, for a complete, chronologic 1list of works from
1825 through 1881, that refer to the Keweenawan rocks.

ntil Irving beran his field investications in the
sumrer of 1880, there was little or no knowledge avallable
concerning the structure of the Porcupine lLountains, Irving's
work 1n thils area ranks high among the classics, for never
before hed so much detalled work been done on the lithology,
stratigrephy, and structure of the Porcupine }ountain area,

The next 1mportant worlt was done by W. C. Gordon,s

*Gordon, iie Ce, A Geological Secticn from i,essemer Down
Black River, Published by the Board of Geological Survey

es a part of the report Hr 1906,

when he studied the section down Black Piver from Bessemer

.to the Lake Superior shore. Ie mede a detailed study of all
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outcrops and wrote an excellent cescription of the litholory,

structure, and thickness of the several formations encountered,

Three years later, A, C. Lanes

#Lane, A. (., The Keweenawan Series of lichlgan, liichican

Geological and :iologicel 3Survey, Vols, I and II, 1909,

published a two volume revort on the Keweenawan Series of
llichigan, In thils report, he gave complete descrinticns of
all rocx types in the Porcunire i.ountain area and also ex-
pressed hils 1ideas as to-the structure, ace, and correlations
that can be determined,

Flnally, Van Hlse and Leith*

#Van Hise, C. R. end Leith, C. K., The Geology of the Leke

Suprerior Region, U.,S.G.3. lionosranh LII, 1911,

presented their ideas of the stratigraphy and conditions of
formation of the rocks in the Porcupine iountain area in

their classic report of 1911,

I'ethod of Approach

Since there are no roads traversing the Porcupilne
ilountain area, the writer was forced to hire a boat at
Black River Harbor, abont thirteen miles southwest of the

mouth of the Little Carp River, to cerry in the supplles

needed. The boat followed the shore of Leke Superior whille



enroute to the mouth of the Little Carp River, At this
time, arrangements were made for the writer to be picked
up et the moutn of the Carp River, three weeks later, and
taken back to black River Harboor,

Base camp was set uo at the mouth of the Little Carp
River and each day's work was started from that poilnt,

The Little Carp River 1s about L0 feet wide at its
mouth and carries very little sediment by normal flow.

The wvater 1s clear and suitable for drinking. The ved of the
stream 1s covered with large, well rounded penbles of solidi-
fied lave, conglomerate, granite, felsite, and quartz,

The Little Carp River was followed upstream and at each
outcrop, a representative samrle was taken and labeled,

When tne Little Carp Kiver traverse was completed, the
camp site was moved one mile northeast, to the mouth of the
Carp River. The procedure used along the Little Carp River
was followed in collecting samples along the Carp River.

Sariples were taken from outcrons along both rivers as
long as the direction of flow was across the strike of the
formations,

The last day in the field was used to collect samples

of extrusive felsite rock, which 1s abundant near lirror Lake,
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PURPCSE OF STULY

In the p2st, little detailed, genlogical worl has been
done between the Carp and Little Car» Hivers in tbhe Porcupire
Yountsins. This presented s :ood oprortunity for tne writer
to searcn the area 1in hopes of collecting some data that
would helo broaden tne knowledge of the geolocy there,

The formation sampled and stucdied by the writer has

been ramed the, Outer Conzlomerate formation, by Irving.i

#Irving, R. D., The Copper Searing Rocks of Lake Superior,

U.3.G.3,. ionogranh v, 183,

Since 1883, the name Outer Conrlowerates has been uscd by
other authors, and the neme is well established in the litersa-
ture,

This name, however, coes not conform witi the usual rules
set up by the United States Geologlcal Survey, in that e for-
mation should be named after a locality, £lso, the name Outer
Conglomerate 1is a poorly selected one for the formation is
nearly all fine greined sandstone with a few lenses of coarse

conglomerate, For the above reasons, the writer feels that

this formation should be celled the Porcuvire lountain for-

mation., The nane Porcunine ourtain sandstone will be used

in place of the naue Outer Conrlomerate in this thesis,

[



OBJEZCTIVES OF TLIS TLIESIS
To collect samples of outcrovning bedrock salonr
the Cerp and Little Carp Rivers,
To obtain Informetion pertaining to the sge of
thhe Forcuprine l‘ountain sancstone,
To determine, throurh sphericity, roundness,
sorting, end composition of tire narticles, the
source of the sediments and tne cGirection from
wiilch they were derived,
To observe the general structure and thickness

of the Porcunine ‘ountain formation,

To correlate the stratigranny, tiarouc-h lithologic

charscteristics, in the Cerp River area with that

of the Little Carp River,

To observe the general geology of the area,



GECCRAPIHY

Location

The area described 1n thls thesls 1s situated in the
southwestern part of the Porcurine ilountalns State Park,
This nerk includes the extreme northern nart of Gogeblilc
and the northeastern part of Ontonagon countlies, in the
western portion of the urper Peninsula of kichizan., See
index map, insert, lap I.

The Little Carp Hiver has 1ts socurce in the small
streams that feed 1nto l'irror Lake, which 1s located in
Sec. 2., T. 50 N., R. lly ., Ontonagon county. The Little
Carp Eilver flows S.-S8%W. from Lirror Lake until 1t enters
Lily Pond, which 1s much smaller and more shallow thsan
Mlrror Lake. Upon leaving Lily Pond, 1t makes a large loop
to the south and flows northwest until it empties into Lake
Superior. The mouth of the Little Carvo Kiver 1s located in
the SEg, Nwg, Swi of Section 1, T. 50 N., R. 45 W. in Gogebic
countye.

The Carp River has 1ts origin in the small streams which
flow into Carp Lake (Lake of the Clouds).% The water of
these small streams, flows from northeast to southwest through
Carp Lake. The Carp River follows the strike of the rocks

until 1t crosses into Cogebic county, where 1t swincs to the

= The U.S.G.S. has never changed the nane ol Carp Lake to

Lake of the Clouds. Personal coumunication with F., G,
Parcee,



northwest and emptles into Lake Superior. The mouth of

the Carp River is located in the SZi, Nui, SEX of Section

53, Te 51 N., R. Ll w. in Cntonagon county,
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Topogranhy

The Porcupine lountains, a prominent landmark of
rugged and rocky terrain rising from Lake Superior about fif-
teen miles west of Ontonazon, have received wicde recozcnition
for thelr scenic beauty and virgin forest stand. The moun-
tains are made up of a series of broken ridgces, roughly var-
allel and concentric to the shore of Lake Superior. The
imlehigan Department of Conservation 1lists the hishest ele=-
vation as Government Peak, wiiich is 2,023 feet above sea
level, or 1,421 feet above Lake Superior, Ilore recent sur-
veys of the ares indicate that these Tigures are too hich and
in error, another peak to the southwest belng denoted as the
hiznest, This is the hichest range of hills between the
Black Hills of South Dakota and the Lpnlachians in the east,

From a distance the Slopes seem to be gentle, however,
when actually traversing the mour-tains, one finds very'rugged
slopes leading to the tops of the ridges., The ridges in the
Carp and Little Carp Kiver area have slicht surface deoressions
which trap the meteoric water, and vecause of lack of drainare,
large swamps vpersist, The Swanps are a constant menace to the
hiker, in that he has to secure his way across then and they
breed millions of mosquitoes. Since the rainfall 1is heavy and
the vegetation thick, there 1s 1little evanoration of water in

these areas, See Yap I, for a contour map of the Porcunine

lountains,



10

Lakes and 3treams

Draining the east side of the Forcurine lountains are
five rivers of imnortance; tne Presque Isle, the Llack, the
Iron, tne Carp, and the Little learp. The Carp and Little Carp
Rivers are of present interest. .hile they are not excention-
ally largze or long rivers, ti.ey are qulte different in thst
they flow rapidly down deepcut valleys tirougn virgin wilcder-
ness, over a series of spectacular wvaterfsalls and foauiing
raplids.

Cerp Lake 1s really a part of the Carp Rlver because the
headwaters of the Carp flow into the northeast end of Carp
Lake and out the southwest end. Likewise, the Little Carp
River has two lakes through which it flows. The water from
the headwaters of the Little Carp LKiver pass through Ilirror
Lake and again through Lily Pond before reacining Lake Suver-

lor. These relationships of drainage are shown on lap I,

Climate

The Upper Peninsula of Ilichigan, along the coast of Lake
Superior, has an entirely cdifferent typne of climate from the
rest of the state. 1In Cntonagon County, the average annusl
rainfall is about 31 inches. This 1s a surplus of water
because the avera_e annual growlng season 1s only between 80
and 90 days. Temperatures, however, do not go to extremes
because of the proximity to Lake Superior. The average tem-

perature fér January 1s between 10 and 11 degrees Fahrenhelt,
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Jeneral

The rock strats exvnosed alony the shore ci Lake Superior,
in the srea of the Carp and Little Carp Lkivers, were laid down
in the Uprer Keweenawan perliod of the Proterozeic era end re-
present the youngest formations in this area,

Thls area 1s in the Lake Sursrior re_ilon, a part of the
southern mar;in of the great pre-Cambrian shield of lNorth
America. The pre-Cambrian outcrops are bordered on the esst
and soutih Uy younger Paleozolcs and on the west and north by
the vasin of Lake Superlor.

The area under discussion has a complex geoloric history
which c¢eologists sre ncw atte pting to intervret. oriefly,
the area was blanketed by hot lavas, folded by dilastrophic
movements, eroded, intruded by magmas, a;aln erodec, and
finally zlaclatecd,

The formatlons of this area may be separated into several
different litholozic units, each origilneting under different
circumstances, It 1s the geologist's task today to determine
these clrcumstances.

The central core of the Forcunine I.ountalns, comprises
a rhyolite mass.% The beds of sancstone, conglomerate and
shale div awey on all sices excert where the rhyolite cornnects

on the south with the lain Trap Liange. This Range consists of

% Thaden, He, Personal Conmunication.



basaltic lava flows with amrygdaloidal tons, extendling south
from Eaegle Harbor end perallelinz the coast of Lake Superior,
The Maln Tran Range 1s bellevecd to be younger than tie
rhyolite core,

Irvings

#Irving, R. D., on. cit., 1853, pn. 150-151.

comperes the structure here to the structure in scuthern Utah,

He states,

"The structure of the Porcupine }ountains
has so much in common with that of the lacco-
litic mountalns of Southern Utah, described by
Ge K. Gilbert, that they micht be supposed to
owe thelr exlstence to an eruntion of acid
rocks at a time quite subsequent to that of
the formation of the latest of the basic flows,
But, as shown subsequently, these mountains owe
thelr existence 1n all provability to a fold,
the vorphyry of the central portions being one
of the usual embedded masses lald bare by
subsequent denudation,"

Stretigsraphy

The age of the Porcuplne iiountain formstion (Cuter Con-

glomerate) has been classified by Irvings:

#Irving, R. D., ibid., 1883,

as Keweenawan, belonging to the unper series of the Algonliian
system. The neweenawan veriod in this srea wes a time of
reglonal volcanic activity. Ore-third to one-half the rocks

have been classifiled as extrusive, The formatlons have been
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1identified as Keweenawan in age, by Irving, Somne of the

more recent geologlists have doubted the validity of Irvinz's

classificatlcn and prefer to place tne formations in the

Cambrian period,

Van Hise and Lelths

«Van -1ise, C. R., and Leith, C. K., op. c¢it., 1911, pp. L15-

416,

—l  e—

give their reasons for calling it Keweenawan, in the followlng

stetements,

1,

The absence of middle and lower Cambrian sediments

ir the region, leaving an unconformity between the
Keweenawen and the Cambrilan,

The lack of fossils of arny kincd in the so-called
Keweenawan,

The sedimentary formation 1s comnosed of meny volcanic
fragments wnich is not tynical of otiier known Cambrisn
sediments,

The Cambrian is larsely sudagqueous while the Ilsweena-
wan 1s subaerial,

The Cambrian lacks volcanlsm, whereas 1in lleweenawan
time, volcanos were avundant in thils aresa,

The Cambrian forwations are horizontal in attituce,

while the Keweenawan are tilted.,
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Alfred C., Lane-=*

#Lane, A. C., on. cit., Vol. II, 1909, pvo. 9:0-9L1.

believes that the so-called Keweenawan may be Cambrian in ege.
In answer to some of the above statements made by Vaa Hise and
Leltn, Lane says,

"That the Cambrian contrasts with the Keweena-
wan in lecking volcanism, 1is certainly not true of
the Upper KeweenswaN...."

In answer to the horizontsl attitude ~f the Cambrian beds, Lane
states,
"Though the 'Upper Cambrian is flat lying,'
so in the Lake Superior sandstone of the anostle
Islands, which Thwaltes recognizes ss conform=
ebly above and part of the Uvner Keweenawan,"
Lane also reumarks that any subaerial deposit would be non-

fossiliferous, and therefore cannot be used as a criterion for

deternining are.

C. Leilth, R. Lund, and L. Lelths

w«ipelth, 2., Lund, ®., and Leith. A., Pre-Cawbrian Rocks of
the Lake Superior Xegion, U,3.5.5. Professional Taner 18,

1935, p. 8.

take the same view as Lane ani explair 1t thus,

) "ilthough the Keweenawan 1is pre-Cambrian
in the sense of preceding tne Unner Cambrlan
transgression, having structural and 1gneous
aeffiliations with the Pre-Cambrian and being
nonfossiliferous, it may in vsrt be Cambrian
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in the sense that its deposition pro-

bably continued into the time when lil1édle

and Lower Cambrian sediments were belng

1laid down in apnroaching Cembrian seas."

The writer, after smending three weeks 1n the field,
found no infermatlon which would contredict the statemnents
mode by elther Lane or Van Hise. However, clay galls are
very numerous 1in some vlaces, which, the writer belileves,
supports the statement that the Porcupine :iountain ferma-

tion is largely a subaerial derposit,

R. D. Irving#* states;

#Irving, R. D., op. cit., 1333, p. 151.

"The most prominent fect in regard to

the stratigranhy of the Keweenaw Series 1s

its separation into two divisions; an Upner

member, made up chiefly of a succession of

flows of basic rocks, dbut iIncluding layers

of conglomerate and sandstores nearly to the

base, and more or less of original acid rocks.™

The situation is far from being vrovern, but uncer any
hypothesls, the Feweenaven beds constitute a marked local

variatlon from preceding conditions.

Legend
The stratigraphic colwin below, was taken from the
Centennial Geologic iap of the Northern Peninsula of [‘ichi-
gan, cowniled by Helen L, lartin, Publicstion 39, Geological
Serles 33, which 1s a part of the annual report for 1935,

by the lilchigan Geologlcal 3urvey., The writer has added to



this ceclurn, the Percunine liountain formation, which does
net avvear 1n the report. The possibillity that the Trocu-
rlne (lountain formetion 1s a facles equivalent of the Freca
sandstone riust not be neglected.
Proterozolc Era
Algonkian System
Xeweenawen Series
Uprer Group
Freda sandstone
Nonesuch shale
Porcunine lountaln sandstone

Lower Group

Lake Shore Traps

Descrivtion of Formatlons

Freda sandstone

The geolo~ically hirhsst rock in the Keweenawan Series
13 the Freda sandstone. Irving considered this, "the main
body of sandstone", but it does not outcron in the srea

between the Carp and Little Carp Rivers, along Lske Superior.

This formatlon 1s composed of red sandstone, arkose, snd shale,

with a conmposite thickness of some 00 feet,

Nonesuch Shale

This shale lies beneatn the Freda sandstone, but does
not outcrop along Lake 3uperior in the Carp and Little Carp

Rivers area, This formation has a thickness of 550 feet

+



14 the nleckx Rlver section,

Zorcuine .ountain Sanostone

M

"he joungest rock which outcroos in thls area is the

Fal
L

a section

1927

Porcupline .ountain sancstone. It 1s courosed ¢
of sandstone overlving a con:lomerate bese, wialch consti-
tutes about 22 percent of the total forumation., In tnis
section, the measured taicuness 1s uore tian 5,000 feet.

rore detailed descri~tlons of tiis formation are (iven In

the section on 3edimentary Fetrolo - ye

Loke 2hore Trans

4

Zvins confornably benesth the Torcupine Lountain sond-
o « (9 s
stone, and in contact with it, l1s a formetlion made un of a
series of flows of eruntive r-cxs. These eruptives were

¢ivided into five sevnarate flows by Cordon end assigned a

’

thickness of L0C feet, This formation can be describec

briefly as thin basz2ltic lava flows, amyzcfaloidal on toon,

and intercsalated with amygdalolds and felsitic cenglomerates,
Descriptions will not be gilven to the reumaining Lower

Keweenawan rocks, as tie writer cdic not encounter thnem in

the sections taiien along the Carp and Little Caro hivers.

L detalled account of these can be iound in, "The reweenawan

Series of ilicnigan'", Nichizen Ceolec icsl 2nd “3olorical

Survey, Vnl, II, 1509, bty L. C. Lone,




Thickness and Structure

Overlying the Lake Shore Traps 1s a sedimentary forma-
tion, grading from conglomerate at the base to sandstone at
the top. Thls formation 1s not uniform in texture through-
out, the upver beds are fine gralned sandstone, while the
lower portion is a true conglomerate,

A, C. Lanes

#Lane, A. C., op. cit. Vol. I, 1909, p. 39.

calculated the thickness of the wrlter's Porcupnine liountailn
formetion, Lane's Outer Conglomerate, to be 1,000 feet at
Keweenaw Point, near Copper Harbor,

We Co Gordon¥

#Gordon, W. C., on. cit., 1907, p. L29.

measured the thickness to be 5,000 feet along the Black River,

sbout 12 miles southwest of the Little Carn River.

R. D. Irving¥x

#Irvinz, R. D., on. cit., 1883, o. 151,

deterinined a thickness of %,000 feet in the Forcurine :ountains.
The writer, however, calculated the thickness of the Por-
cupine iountain sandstone to exceed the firures of Irving and

Lane., The sectlon-of rock outcron along the Little Carp River



wes fcllowed very carefully and tie horizontal distance per-
pendicular to the strike, actually exposed was found to Dbe
10,800 feet. Allowing for an average dip of 27.5 derrees,
this results in a minimum thickness of about 5,000 feet,
because nelther the top nor the vtotton of the formation was

actually observed,

LA

The vossiovility of repitition by faulting is not,possible-
here, however, the wrlter sow no indication of faulting in
either the Jarvp or Little Zarn River sections. The rocks
hetween the two rivers arc comnletely concealed Ty soll and
thick vercetation. At the leke shore, the beds may be seen
outcronniis above the laxe level for a distance of some fifty
varcds., The contact between the Forcupine lLiountein sandstone
and the Lake Shore Traps 1s not exposed along the Little Carp
sectlion., ©Becauce of the above reasoning, the thickness will
have to be over 5,000 feet, and may have a much greater
thickness in places,

Wwe C. Cordon%* states;

%Gordon, w. 3., op. cit., 1907, nn. L25-L26,

"Descending throurh the formation we get
in succession sandstone, sandstone with coneclomerate
phases, mixed sandstone and conrlomerate, conglo-
merate with sandstone rrases, and nure conslomerate,
The chonre from sandstone above to coarse conglo-
merate below 1s a rradual one, and there 1s no
shern dividing lirne, but in a general way, 1t may
be sald thct the upper one-quarter is sandistone,
and the remainin~ three-guarters 1s conslomerate,”

~



In the section alons the Little Curvn “ilver, tiec unrer
eirnhty mcresnt of the Torcuonine _ountaln formotion is zunl-
- o - ~ L s o e [ 1
store, snd the leusr tuenty rercent 1o congloucrate.  Thls

is just tie reverse ol wiat Corion Tfound in the =lsck Ziver
section, The viriter vellesves tihint trers are »ronounced

facles chanzes with latersl extent, in the Forcunine .oun-

vations, tnat tnesz lens=-starsd beds toin oub 1In Lot direc-
tions., 41l the lenses ouserved LY tre writer are nrobedly

less tnan 100 feet tnick and hnve very sharp ccntacts with

the surrouncing beds on either sice, The larzest lens noted
w33 at tne mouth of the CJarp xiver wviiere the hard, resistant
conglomerate causes a sharp bend in the river, 3ee Plate III,
¥Filg. 1. The actual dimensions of the outcrop are, 75 feet

by 25 feet., This coanglomerate cannot we traced laterally,
since it enters tne side of a hi1ll and 1is covered comrletely.
There 1s no 1ndication of such s conclomerate alony the strike,

in the bLanks of the Little Carp Niver, merely a mile away.

wWwell defined jolnting 1is nrevalent in the lower portion

O

f the Porcunine iountain foroation, Iracture nlanes cut

through the lorge neboles, while there is very little breax-

|
C

a3 in the ceuent, around the pebbles,



e Po 511llincsw states,

*811lings, ... P., Structural Zeoloy, Frentice-iioll, Inc.,

lew York, lew York, 19,2, p. 125.

"It is often sunrosed that tension freac-
tures break around the pebbles of conclomeretes,
and that only shear fractures cut indiscrimin-
ately across pebobles ard rotrix, Althourh this
may ve true for locsely-consolidated conglouer-
ates, anparently 1t is not a reliable criterion
in well-cemented conglorerates,”

The Jjoints trend 1n several dirccticns, but grencerally strike
e 20 w. to X, 25 . and S. 50 ... These Jjeints cre sisnl-
ficant in that the force which causel tiem wes directed
along a line which bisects the angle macde by any two inter-

secting Jolint planes,i

#3111lings, M. P., ibid., p. 126.

They also assist the geologlst to realize the great forces
gxerted durling dlestronnism,

The strike of the Porcupnine lountain formetlon changes
froma I, 20 E. to k., 30 L, as 1t extends northwardly,

The averzsge dlp 1s 27.5 decrees northwest, <See .ap II.
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PETXOLCGY

Irneous Rocks

All the igneous rocks observed by the writer 1in the
Porcunine iountalans are extrusive. The Lake CShore Traps,
exposed in the Little Carp River at locstion a-li3, are
described in detail, These conform guite well with the

findings of J. C. Gordoni

iGordon, w. C., 1p%f3., 1907, pp. L430-432.

in the Black River section. The main difference 5éing thzt,
the vesicles of the amygdeloids in the Little Carp River
section are filled with seconcdary chlorite while those 1in the
Black River section, ere filled with seconcary calcite,

The rhyolite found elong the northwest side of liirror
Lake varles from that found in other localitles, such as
Chip»newa {111 and other localities 1n the Porcunine iountains.
This, however, 1is ﬁot surprisine, since an aphanitic rock may
vary considerably in composition with lateral extent,

The 1lgneous rocks studied by the wrlter, have been
assigned a nunoer and named accorcing to the classification

of Johannsen.s

*Johannsen, Alvert, A Descriptive Petrogcraphy of the Igneous

Rocks, Vol. I, The University of Chicaso Press, 1931, po. 141-161.




Johannsen develoned this classification for irneous rocks,
on the basls of the nercentages, by volure, of the minerals
present. The writer believes tiis 1s the most stralght-forwsrd
and losical classification yet rresentecd. The petrograpner,
wnen studying e thin section, can easily estimate the ver-
centages of each mireral prcsent,.

The folleowins ere cdetalled petrograpnic descrintions of

the rhyolite snd the Lzke Zhore Traps,

Rhyolite (226L)

This specimen was collected from an outcrop orn the south-
west side of lirror Lake, just a few feet to the west of the
cabins shown on llav I.

legesconic:

The snrecimen i1s reddish to choconlate-brown., There are
no nhenocrysts anparent in the hend specimen. The texture 1s
so fire that the rock breslzs with a conchoidal fracture, leav-
inc knife-1l1lke edges. The weathered surface 1s smooth and
takes on a light gray colcr.

Microscopic:

The thin-sectlion shows a mlcrocrystalline-granular texture,
with a granular nicrofelsitic groundmass, changing Into a
cryptocrystalline mass in places. Under crossed nicols, the
groundmass ar—ears as jumbled agraoregate of felty material
composed of quartz, eclass, and sanidine., Althouzh no dis-
tinct automorphic crystals can be seen, the groundumass shows

distinct anisotropism. Under orcdilnary light, fire lines of



brown, hairlike grains appear in randor orlentation. Opaque
particles of hematite and magnetite are equsally distriouted

throurh tne thin-section.

Andeslte (2212%)

This specimen was collected in tre Little Carp Kiver
section at location £=43, It is a representative sample of
tae Lake Shore Traps in this area,

Yegascoplc:

The rock has a dark, graylsh-bleck overall aprearance,
There was no reaction with dilute hydérochleric acid, which
indicates that no carbonate minerals are present., It has an
aphanitic, ¢ranular texture, so fine that no mirerals can be
identified,

ilecrosconlc:

The thin-sectlon disnlays a very fine-grained tevture
with lath-sheaned crystals of andesine (microlites) in random
orientation, glvirng a log-jam appesrence, Some grains of
pigeonite, a pyroxene 1n the clinoenstatlite-diopside series,
are equally distributed thiroughout the slide. Small magnetite
particles‘partially cover the thin-section. The rock 1is
mnicro-amygdaloidel, with secondary chlorite filliag tne vesi-
cles., INinor amounts of rutlle and muscovite viere recognized,
The alteration of the plagloclase into sericite and kaolin,

and the large amount of magnetite present, zive the slide a

very cdirty aprearance,
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Sedimentery Tlocks

The only sedimenteary formation samnpled was the Forcu-
pine ilountain sancstone, Considerable work vias done with
these saurles to determine some methed Ly which the forma=-
tion could be subdivided and these subdivisions in turn oe
correlated between the Carp and Little Carp Rivers,

2

Preparing tiie Samnles:

Saexmples a-1, =13, .-15, &-23%, 4-30, B-3, B-16 and 3-30
were selected as representative sauples to be used in lebora-
tory studies., 3ee i'ar II. Ilore sa:.nles were taken from the
sectlon along the Little Carn River tihan from the Zarp ilver
because tiie Tormer exnoses a much better cnd wore coinlete
section,

Zsch sawple was vlaced 1In a largce lron mortsr ond tanned
gertly with a restle until 1t wes thorouchly disinte_ rated.
Trie unconsolidated mesterisl was then placed in a beaxer and
dilute hydrochloric acid acdded to dissolve all caroonate
cement, The acid was filtered off and the sediments were
washed end put in en electric oven to dry., After drying, each
sanple was sleved throucrh a 35 mesh Tyler screen to resmove the
lerger pleces. The narticles which passeo tnrough the 35 mesh
screen were then sieved in a ro-tap machine for eight ininutes,
using a tler of Tyler screens with I3, 65, 100, 150, and 200,
mesh to the 1nch,

Below 1s a table of size openings of the different Tyler

Screens,



N
Cco

lleshes to Opening in Opening in
tie inche inches, millineters,
g 0.0156 0.Lh17
0.011 0.29
5 0.,0082 &.20
100 0.0758 0.1L9
150 0.0041 C.lO?
200 0.C029 0.074

FEach size cnllected was wei, hed to the nearest oae-
thioussnatn of a gram for fubture uss 1n ccnstructing cumula-
tive curves for comuarison.

From each sa.ple slsveld, the 65-100 size was placed 1in
oromoforn CE:r5), and tne heavy minerals ellowed to sink.
The specific rravity of bromoforin (2.89 at 109 Cerntigrade)
1s hicher than gquartz end lower than the ferro-magnesium
winerals, Consequently, the quartz will float while the
heavier minerals sink. This left tne lirht mirerals, isainly
auartz, free so they could be mounted in Canades Ralsawm and
studled with a netrogrevhic :.lcroscore to cdeter:ire their
roundness and sphericity.

Foundness and Srhericlts

3
<4

<

The roundness 1s calculated by usin the method described

by H. .saell,=*

“#wadell, 4., Volume, oShape, and Foundness of (uartz Psrticles,

~Journal of Ceolosy, Vol. L3, 1535, o. 207.

S(r/3) _p
I

hel

r» i1s the diameter of each corner,
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R is the dleameter of the inscrived circle.

Y is the number of corners in the given nlene,

P 1s the total degree of roundness,

The sphericity 1s calculated by the use ol the formula

develored by M, Tlley.:

=\1_—
Dc

1 1s the diameter of the inscrlred circle,

Dc 1s the clemeter of the circumscribed circle,

g is the total decgree of sphericity.

The roundness and sphericlty cf the quartz grains were
measured with the aid of a canera lucica and a concentric
circle protractor, which was made of concentric circles with
a radlus cifference of one millimeter, This vrotractor, first
used oy G. T. ochiltt and . L. Zrickson, 1is s=22n in tne tube
of the microscone and ray de moved avout so that all corners
of any quartz rrain in focus, can be messured. Fifty ~reins
on each slide were measured.

The roundress anc spherlicity of tne quartz gralns from
locations a-1, :-15, E=%2, s-16, and ©-30, were measured, The

values found are tabulated below,.



Locatilon Rouncness Snhericity
A=1 0.423 0.78l
A=15 0.Lo2 C.805
5=3 0..473 0.737
3-16 0..;08 0.79
5=30 0.01:32 o.fzoﬁ

The roundness and sphericity values apnear to have little
significence as an aid 1in correlating zones of the Porcunine
Mountain formation betwesen the Carp and Little Csrp Iivers,
They do, howsver, bring out the fact that the Porcupine
Ilountain formstion is one of widespread divergence as regards
roundness increasing consistently with distance from the
source, It was noted by megascoplic observation that as the
size of the narticle increased, so did the roundness, but as
the size increcsed, the sphericity decreased,

Sorting

Cumulative curves were plotted for samvles from locations
A-1, A-13, A-15, A-30, -3, and B-1%5, so that the coefficient
of sorting could be calculated,

uartlle measurements sre widely used in comparing sedi-
ments statistically. Three values read from the curulative
curve usually suffices for the computation of the measures
neeced in comnarisons, These are tre mecdian and the first
and third guartilles.

The medlan 13 defined as that diauweter which 1s larger
than 50 per cent of the diameters 1In the distribution, snd
smaller than the other 50 per cent, To determine the si:e

medisn, 1t Is necessary to construct a cumulative curve, from



which the valus can be read airectly.

The first quartile 1is the clameter which has 25 rer
cent of tnhe distribution larger then 1itself, and 75 per
cent smaller than itself. Thils value can be read directly
from the cumulative curve,

The third quartile 1s the diameter in the distribution
which has 25 per cent smaller and 75 per cent larger taan
itself. This too, can be read directly from tae cumlative
curve,

The coefficient of sorting 1s calculated oy thne for..ula

introcduced by P. I. Trask,:

*Trask, P. D., Origin and Tnviornment of Source Sediments of

Petroleum, (Houston, Texas, 1932), pp. 67 ff.

o=

So 1s the coefficient of sorting,

where:

G2

Q1 i1s the first quartile measurement. (large size)

Q5 is the tnird quartile measurement. (small size)

The size of the sleve openings in the Tyler screens sre
purposely arranged in geometric progression to decreazse the
numoer of sieves needed to analvze a sand, The interval
between each consecutive Tyler sieve size used in this study
1s the sguare root of two (1l.41l). Example: Tyler screen
number 150 has openings of 0,105 millimeters. The next larger

screen, numdber 100, has 0,105 multiplied by 1.41l, or 0.149
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rnillimeter cvenings,

The velues cf, "So", zre thaerelcre gecrmetric and ca. not
be corrares directly;., The lcraritkhms to the base ten, of
these values for, "3o", are taken to obtsin arithuetic values
of, "3So". These arithmetlic values can be cournnred directly.

Tne sortinc, calculeted for tne Porcupnine :ountain
formation, a provadly subaerial devosit, were compared witih
the sorting in the l.arsihall sandstone of western iichigfan,

a submarine derosit, celculsted Dy X. 4. HLobos,#

+Hobbs, R. A., The Aprlicztion of Rouncness and Sphericity
easurements to Subsurface Samples of the larshall Formation
of Western iilchigan, Unoublished ieaster's Thesis, Lenartrent

of Ceology snd Geogrephy, ‘ichican State College, 19L9.

iverare, "So", Logyg "sn".
llarshall sandstone 1.20 0.0792
Forcurine i.t. ssncstone 1.55 0.1087

0.1037/0.0752 = 2,508

It 1s found thet the sand in tne harshsll formation of
western iichi,en 1s 2,5 times better sorted then the sand in
the Porcurine iLourntain formation. This 1is in keeping with
the fact that a suvaerlal formation Is more poorly sorted than
a submerine forrmation.

The value 2.5 1s Lesed on Tyler screen slzes 35 throush
220, only. The larger gralns were not used in this cornarison,

to cenform with the slzes used by K. 1, FODDs,



If the larger grains had been used in ontaining sorting
values of one sand anéd not another, the two sands coull not
be comparecd by tiils method,

The vwriter knows that 1if twe lars=sr sand rcrains, those

wnich d¢id not rass tirou L Tyler screen 35, had bheen used 1in

T .-
i (s

deterxining sortinz valuss of the Zorcurlne Yountain formstion,

2 much ler_er value for, "3o", would heve bcen obtained,
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Petro~rarny of the

Porcu~ine ountain sondstone

Follnwing, are cetalled petrorrsnnic descrintions of

samnles tewen fro: outcrons cof tne Porcu=lue .ountaln for.s-

tion, in votiu the Crr> and Little Sern iver sectinngs,

Tnis snecien wes colletel fro a2an outecrom ¢t the weouth

3 n=de un of sa ular fraconts ond cerente? with calcits,
vileh reacts witnh ¢iluate hydrccehleoric ccld, usrtz =nd feld-

leroscornic:

The particlzs are quite angular ond none exceed one
millimetsr In clameter., Tne most eburds:t alnzrel 1s quartz,
some belpg cryotocrystalline, while & few other roins have
gas bubble inclusions. ost of the guartz shows unculatory
extinction., Tne felcspars are sodic-andesine and microclire,
trnie latter bveing in lesser ecamounts, Lost of tihe feldsrnar 1is
Cirty looking becevse of its slteretion into ssrlicite and
keolin. Tihere are a few varticles »f felsite and minor a.inants

of chlorite and nornblends, The ceuner ting sz ent, calclite, way

s a L as e A - . . CL . ; A
be identificd essily, Dut 1t 13 not in the quantity evrectes
frer: otrervaticn of the ond erzocimsn, Lo oactite (roias and



r_
S

neastlite moccses sre scottzred Loron o the s117:,  Tn rel
iron o¥ice ciazcures most of tihe slifo v lves L2 Jlpty
ENTEeIrELC .,
Iomnls =15

Thias soheclimen w33 colleet=d frow o outeron in t 3 Little
Srn alver sectine,
coesnenlces

The zarsnle Is raelllsn=ten It wallaes texture and
Dreslkks with an uneven frocture, nortz =rd felconhar cnn be
rzceo Mited witn bie sl of 2 nond lons an? ars co.oented with
caleite., oo vedeisn=bhrown colerabtion, ceusa I by iron oxile,
mesis the ceotare ol the »morticles.e Cne swll clag 11 wws

noticeantle,

-

o
icroscoric

. e

The texturs 1s unilorw £49 the wcct shundent wineral 1is

quartz, most of witlchh is quite an;ulsr., The feldsners prescent

L)
>

Ol

are ortanclase, andesine, and icrocline. The calcite cerent
ant particles of felsite are sbundant «1:1 scattered throushout
the slide., Onaque marnetlte =nd heueatite cover thie slide and

the iron oxidzs stain gives a dirty an-earance to the particles.

Samnle A-15

This specliazn was collectec from an outcro»n in tre Little
Carr T iver scction.

lerasconrnic:

The rock is dzev recd and annears aliost ooliiic The

e ‘s o

ceimenting material is _ray calecite, wilch rescts with dilute



hydrochiloric acicd. ‘uartz and feldspar can bDe recninlzec

with the 213 of a2 han?d lens. The srnecimen 1s stalned with

icrcsconle:

The texture !s fine and wniform. The most sbundant mineral
is quartz, some of which show undulatory extinction and are
gquite angular. There is evidence of seconcary cuzrtz ¢rowling

about the primary guartz grains. The feldspars are microcline,

[N

clipgoclase snd andesire, however, not all ti.e feldspars are
altered, a few being very fresh in apnearence, There are frag-
ments of felsite and trap rock, the latter showing small
amyc¢dules. Cccasional particlss of chlorite are present, The
oracue winerals are uegnetite and heuwatite. The whole slice

1s colored with red iron oxide,

Snecimen A=23

[07]

This sveciuen was collected from an outcreon in the Little
Cern :{lver sesction,

['erascovic:

'The speclinen 1s reddish-brown and has a uniform texture.
Clay galls are numerous and reach the size of two by two by
one-tenth centimeters., These cley galls have a darker color
than the ssandstone and aré orlentated rarallel to the bedding
planes of the sandstone. The weatiered surface penetrates about
three-tentns centimeter into the exposed portion, and is quite
porous. The sandstone 1s made un of sngular particles, all

probably under one millimeter in dlameter, The calcite cement



reacts wilth dilute hvérochloric scid, while the clucy salls
Gdo not, Tarticles of guartz and feldépar can be recognlized,
but trze colorin~ caused by ircon oxide masks the nature of
the grains.,

icroscornic:

The texture 1s uniform and the particles are not well
rounded, The mos%t abuncdant mineral is cuertz, most ¢rains
of which contain gas bubble inclusions. Some grains are of
cryntocrystalline quartz, which sprear exactly like the quartz

in the rhyolite, found near "irror Lake, <ome felsite pesrticles
are present., The fe}dsnars are ollgo-andesine and microcline,
the lstter beins in minor amounts, All the »nlagioclase has

a dirty aprcarance due to its alterstion into sericite and
kaolin. Calclite, tiie cementlinzg agent, displayrs abundant
parallel lines cdus to reveated lemellar twirrin:., Chlorite

is present in minor saumounts ané opaque magnetite and heratlte
dot the thin section. The whole s3l1ide 1s covered witnh iron

oxide, masking the cnaracteristics of most minerals, One very

fine-greined cley zall runs the length of the slide.

Specimen A-BO

Tnis sample was collected from an outcron in tne Little
Carp River section.

r'erasconic:

The specimen is reddish-brown wviti: some gray calcite
cement showing on the freshly broken surface. The texture

is coarser than in the other sn»ecimens already described,



and all the crains are ouite angular, Some of tne particles
nave dlameters up to three millireters., The weathered surface
is darker and more norous tnan the fresh surfeace,

icroscopic:

The larger varticles are more rounded thean the smaller
ones, The most abuncdant mineral 1s cuartz, The feldspars
are microcline, orthoclase, and andesine, which are generally
dirty in appearance because of alteration inte serlclte end
kaolin. Throurhout the slide are narticles of felsite an
grains of marnetite. 4in cccaslional smell plece of augite
can be seen, The whole slide 1s covered with 1iron oxide,
wnich obscures portions and gives a reddish color to the thin-

section. The calcite ceczent 1s not too apparent.

Snecimen B-3

This specimen vias collected from an outcrop near the
moutn of the Carp River.

rlezasconic:

The samvle 1is reddish-brown and has a uniform texture,
Pedding nlanes range from one to three inches in thickness.
The particles are of ell cdlameters, u»n to sbout one milli-
meter, The most sbundant mineral is quartz, althourh feld-
snar can be seen, The calcite cenent reacts with dilute

hydrochiloric acic and 1is

Is)

resert 1In sufficlent auount to
glve a gray tince to the freshly broken surface,

lcroscovnic:

The particles are not well rounded and the most abundant
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mineral 1is guartz, some ¢rains of which are quite angular,.

A few quartz grains contaln ras buovoles, which seern to be
arran-ed in cdefinite rows. Some felsite narticles are ore-
sent, The vlagioclases ere andesire and oliroclase, most of
wihich has begun to weather, There are occasional particles
of microcline and hornblende. ILagnetite and hemetite are
present in large quantities., The slide 1s covered with iron
oxide, ziving a reddish anvearance to, and obscuring portilons

of, the thin-section,

Specinen B-154

This specimen was collected from an outcrovn in the Carp
River section.

lierascopnlc:

The rock 1s reddish-brown and has two distinct types of
texture, fine and very fine. The nart comnosed of very fine
grains 1s rmuch lirhter in color than the part comnosed of
fine grairs, tne latter being a small lsns., The lirhter,
finer sediments react slichtly, whille the darker, coarser sedi-
ments react readily with dilute hydrochloric ascid. The few
clay gells present ere in randcu orientation. The westhered
surface disnlays a darker color and more porosity because tiie
calcite cement has been dissolved. Cuartz and feldsvar can

be recocnized witn ald of tlie hand 1l2ns,

l.1croscopic:

liost of the grains are angular, but vary somewhat in size.

The most abundant mineral 1is guartz, The feldspars sre ortho-



zlase, microcline, and andcdesinre,

fresh, A small auniount

minerals ere macsnetlite

reddisn arrearance cue

Snecimen 3=30

This specimen was
River section.

iiecascopic:

Tne rock is reddish-=brown and has

beddinz
arnart,
millimeter, The freshly broken

due to the calcite csirrent. The

hycdrochloric scid., Parallel to
un to two millireters in wldth,
to slightly more clay materiel,
the hsand

deternined with aid of

llicrosconic:

of hornblende

511l of wnicn are quite

is present. The opaque

The whnole slice has a

collected from an outcrov In the Carp

a

fine, uniform texture.

planes In the hand specinmen sre avout tvwo centlimeters

The particles are of veriable diameters u» to one

surface shows a tin_e of gray

s
~

cement reacts with dilute

tne ovedding planres are streaks,
wiiich have a darker color <ue
“uartz andé feldsnar can be

lens,

The slide shows a very fine texture, the rock belng cou-

posed of small, angular psarticlcs.

1s qusrtz, sore of whlich contain ras bubble inclusiors.,

felsite nartlicles are present,

The most ahundant wminersl

Jome

The placinclase 1s eacdesine,

of which some is sli:htly wectihzred., Cne greain of microcline
and a few slivers of mica were notleed., The slide is covered

with IZron oxice, siving a reddisn arpanrsrce to, and obscur:

rortions of, the tn

[N

.
+
1n=35elT1i0onN,

P
ing



L8

PLATE I

FPig. 1, Little Carp River Flowing into
Lake Superior.

| Fig. 2, Flooded Carp River Flowing into -
Lake Superior.
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PLATE II

Fig. 1, Waterfalls in Porcupine Mountain

formation at location B-31l, in Carvo River,

Fig. 2, Same falls as above, after a
heavy rain.
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PLATE III

Fig. 1, Large outcroo of coarse conglomerate
lens, near mouth of the Carp River.

e g —t

e T T A ——

W S

Fig. 2, Thin-bedded sandstone at location
B-17, along Carp River,
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PLATE IV

Fig. 1, Location A-5, in Little Carp River.
The dip of the sandstone beds is noticeable.

Fig. 2, Between locations A-19 and A-24, in
the Little Carp River. Note how the strike
of the beds can be easily recognized.



CCONCLUSICHS

The conclusions reached, in detaill~ald study of tne ror-

cunine _cuntain fornstion, are not exactly whet the writer
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@ Ta2gen the [leld weri,

-
v—»
or
e
D

)
[y

e e e
Since thnis sedlu?i

)

tary forust s ronrosed essentially
of fine-prained sandstone witi a few conglomerate lensas, the

1 - . . . 0y . N
naire Cuter fOnnglowcrate, glven by Irving Tn 1523, is ot

W

ap:ropriste, The writer refers to tilis seandstone es the,
Porcupine !‘ountain formetion, which 1is in keening with naning
formations efter localities, and does not give a false luipres-
sion as to the litholecgy of thne formation,

The sandstone and conglomerate beds lle conformably on
trhe older, Laxe 3Shore Traps. %oth formations stfike essentlally
L. 20 I. snd dlv to tne northwest, with the di» increasing as
the Lake Sncre Travs are arprcached. The averare dip is 27.5
derrees. 3ee Diogrnn I

Rowifness 2.4 sphericity measurements taiten on sawuples
from both the Carp and Little Carp river sections, do not
conform to the 1ces, advanced by irany students of sedluents,
that sand crains becoie more rounces =ad less spherical as
ti.ey sre carricd away from their scurce. These rouﬂdness and
spherlelity :eesurements do not conform to the s3ove 13ce Dpe-
cause the lateral dlstance in which outcrops occurred is too
short, and tnls is a rrobable subserial deprosit, Llso, these
lieasurements glve no clue &s to tie Zirection from wnlch the

sediments were derived and could rot be used to deteruwine, or
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correlate, different members of the Porcurine lountaln fora-
ation,

Foor scrting is tynical of & non-marine fermation, hovever,
exceptions do occur, such as wind-blown sand, It was found tnat
the  .arshall for.atlon of wester:n iicnifan is 2,5 times better
sorted tnan tle Forcupine [ ountain formation. Lecause the

Porcunine .ountsin formation 1s poorly scrted snd because

nurerous clay ~2lls are imbedded in the sandstone, the writer

ot
Rl

feels certcin thnot tals Tormation 1s of sulseriel orisin. Clay
calls are dried nmud flakcs which have been blown into the sedi-

rients 1 1redlately vrior to dlagenesis. The wrilter fail

[¢7]
ct

o)
visualize how clay galls could be blown out to sea and pre-
served. They wculd be destroyed in tihe vrocess.

From tiie study of thin-sections of the Forcunine .ourtain
forwatlion, 1t can be sald tnat the secdlients were derived, in
part, from the weathering of tne rhyolite waich outcrons near
wlrror Lake. Thus, tioe cedilicnts wust have come froa thne soutn=-
east. The cccurrence of two rlagioclases, andesine and oliso-
clase, sugpest an origin from two different igneous masses,

Tne wrlter wes unable to subdivide the Forcupine lLountain

formation on the basis of lithoclogy, rouncness, or sprherlcity.

[

onsequently, no beds or members viere correlated between the

Carp and Little Carp &Zivers,
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