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PITROFABRICS AT THE FALLS GF 1173 STRGICH,

DICKILII3CON CCUlITY, ITICHIGAH

FAITH MNAGILI

ABSTRACT

This petrofabrie study of the Sturgeon gquartzite was
made in the immediate viecinity of the Falls of the Cturgeon.
lNear the Falls of the Sturgeon are two faults with horizontal
components of movement, The object of the study was to determine
if the faulting, or forees responsible for the faulting, had
influenced the fabric of the adjacent rocks, and to determine
what effect that influence had if it was detectable.

Samples were taken at graduated distances from the
two faults and the standard petrofabric analysis wzs rnde.

It was discovered that the fabriec of the rocks farthest
from the faults has characteristics of a L~tectonite. Several
fabric diagrams show girdles, a regional febric pattern. Higrins
(1945) found horizontal A-C girdles in his fabric diagrams, but
the girdles in the sample area are not horizontal, Iany of the
fabrie diagrams show preferred orientation patterns that are too
complex to be easily interpreted. The fabric of the rocks closest
to the faults has characteristics of an S-tectonite, The

S-tectonite fabric appears to be superimposed on the B-tectonite

fabrice.



It is postulated that the girdle fabriecs are the result
of recional folding and deformation and that the S-tectonite
fabrics are the resuit of later forces vhich caused the faults,

Independent evidence of two periods of deformation was

found in the petrorraphiec and petrologic study of the samples,

iv
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PITROFABRICS AT Tiis FALLS OF 7110 STURG.CH,

DICKLISCON COULTY, MICHIGWN

INTRODUCTION

Location of Sample Area

The Falls of the Sturgeon are about 2 miles northeast
of Loretto, a small town 12 miles east of Iron Mountian on
tnited States liighway i.o. 2, in southern Dickinson County,
{ichigan. The sample area is in the enstern half of section 8,
Te 39 Noy R, 28 %/, It is just inside the northern boundary of the
ilenominee iron-bearing district, a trough of luronian (Animildie) meta-

sediments,

ose
The intention of this project was to male a petrofabric
study of a small area with already well-known structural fectures,
such as the area shown in the pocket map., It was hoped that by
taking samples at graduated distances from structural features,
such as faults, it might be possible to determine what effect the
faulting, or the forces that cunsed the faulting, have had on the
present fabric of the surrounding rock. o_ven if the study did

not revezl much about the effect of the fauwlting, it wns hoped






that some Imowledge of the number and trypes of deformctive forces

excrted on the area would be gained,

Two sample traverses were mnde (Pocket lap). The northern—
most crosses both faults in the map 2rea and is partly in the basal
and partly in the upper Sturgeon quartzite. ‘i'he southern series
of samples crosses only the western fault and is entirely in the
upper .sturgeon gquartzite,

Mor ecch sample a plane was found on which it was possible
to determine acecurately the sirile and dip. ‘“he orientation and
the sarple numver iere mariied on the rocic while the rock was in
place, ''he sample vmis then detached and collected,

tThree slides tere cut fivw samples 98, 96 and 95. Two slides
were cut from each of the other simples,

The orientatior8 of 200 to 300 c~axes of aqurrtz crrstals were
determined on each slide, using a Leitz microscope and a h-axis
Universal stage., The plotting was done on the® lower hemisphere of
a "Schmidt" e~ual-area net, The concentrations of the c-axes
were determined by standard center and peripheral counters of
1.0 cm radius. <“he counting grid had distances of 1.0 cm between

intersections.






The largest cuartz crrstals were marlred separately from
the srallest crystals in plotting thie diarrams to see if tliere is
a difference in the vreferred orientation of the two, There is
no céifference, All sizes of ~uartz cryrstals have the scome
preferred orientation in each diagram,

It was not possible with the procecdures used to determine
which flakes of mica were sericite and which muscovite in the thin
sections, It is assumed that both varieties are present., Sericite

is used to mean the finer-grained mica,
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Ceolomr of the Surrowiding ..rea

Stratirraphy

Directly to tlie north of the sample area and within
section 8 is & complex of Archean gneiss and rranite. The southern
edre of the Archean complex ex:ends to the northwest and to the
east of the sample area,

The sample area is at the northerm limit of a belt of

wer Huronian (inimikie series, Chocolay group) sediments including
the rern Creek formation, the Sturgeon Guartzite and the younger
Randville dolomite., The belt of lower Kuronian sediments follows
the southern edge of the .rchean granite and gneiss mass. The
Sturgeon cucrtzite, the only formation within the sample area,
averages about 1,000 feet in thiclmness.

To the south is the Upper Huronian (Animikie series, Baraga
group) lichigarme slate., The Sturgeon cuartzite, Randville dolomite,
Iiddle Huronian (Animikie series, llenominee group) Vulcan iron-
formation and lichigamme slate appear in two northwest-strildng
belts faulted into their present place,

>t111 farther to the south are the greenstones of the
Quinnesec formation (altered basaltic lava flows and pyroclastics)

and granitic rocks., (See Dutton, 1953; Tettijohn, 1943.)



Structure and Structural lHistory

The Huronian (\nimilde) sediments form a tongue between
the Archean granites and gneisses to the north and the voleanie

rocks to the south.

The trough has three major faults, all strixing northwest,
Two are on tle north edges of belts of lLower, !iddle and Upper
Huronian sediments within the trough, and one separates the Iluronian
rocks Ifrom the volcanic rocks on the south flank of the trough.
The forces responsible for the trough and the three major
faults within the trough were probably apyroximately north-south
compressional forces, (See Dutton, 1958; .iggins, 1947; rettijohn, 1943.)
A1l the formations within the Huronian trough either dip
steeply to the south or are overturned and dip to the north.

According to Higgins (1945) there have been two deformations
in the area:

The earliest post-Archean deformation in the area is
recorded in the folded and upturned position of the Lower
Huronian strata, ‘hese strata were folded into a
monocline which faced southwest along a front extending
at least sixteen miles northwest from section 9, T. 39 N.,
R. 28 We The consistent strike of the quartzite
indicates that the front of the folded structure was
very straighte

Subsecuently, the area has been intensely faulted.
Faults are the tear type’*=The strilies of these faults
are rgmarkably consistent, ranging between N. 43° E. and
e 85 Ea






Geolosy of the Sample Area

The geologzy of the sample area can be best understood by
referring to the map of the sample area,

All strata are overturned and dip 60°-20° NE. Ripple marks
and cross bedding are obvious and com.on and it is easy to
determine the top of a bed, The only formation in the sample
area is the Lower Huronian Sturgeon cucrtzite.

The basal beds of the Sturgeon cuartzite, however, are
somewhat different in appearance, texture and composition from the
upper beds. The basal beds have a greenish color when seen in the
field and contain & larger percentare of sericite and muccovite
than the upper beds of the Sturgeon cuartzite, The ariount of
muscovite and sericite ranges from 7 percent to 20 percent in the
basal beds, ln samples with the most sericite and muscovite
there is a megascopically observed tendency to develop schistosity,
The orientation of the schistosity could not be measured because
of its indefiniteness and very poor megascopic development. Under
a microscope the alignment of sericite and muscovite is obvious.

The upper beds of tihe Sturgeon quartzite are usually white,
or reddish white where there is some hematite which acts as pigment,
and are extrenely tough vitreous auartzite, The amount of
sericite is small, ranging from less than 1 percent to about

7 percent. There is no megaseopic schistosity,.






Two metadiabase dikes are in the sample area, Iach
follows a fault. In some exposures the metadiabase is deeply
wezthered, It appears to have been sheared,

Two prominent jointing direc.ions ccn be seen along the
aecess road of the map area, Cne hos a strike of K, 30°-h0° E.
and a dip of 80°~85° SE.; the other has a striie of . 70°-20° W.
and a dip of 40°-45° N3,

The dips of the fault planes is not known as the fault planes
cannot be observed in the semple area or the immediately
surrounding area,

In Higgins' (1945) study of the structure of the Pine
Creek area, he mentions the two faults in the sample area, The
relative horizontal movement along the fault planes is shown én
the map., According to Higgins the southeast block of the western
fault moved 100 feet northeast, and the southeast block of the

eastern fault moved 330 feet northeast,






Two metadiabase dikes are in the sample area, Iach
follows a fault. In some exposures the metadiabase is deeply
weathered, It appears to have becn sheared,

Two prominent jointing direc.icns can be seen along the
access road of the map area, C(ne has a strive of N, 30°-h0o E.
and a dip of 80°~85° SE.; the other has a strile of L. 70°-80° W.
and a dip of 40°-45° N3.

The dips of the fault planes is not known as the fault planes
cannot be observed in the semple area or the immediately
surrounding area,

In Higgins' (1945) study of the structure of the Pine
Creek area, he mentions the two faults in the sample area, The
relative horizontal movement along the fault planes is shown on
the map., According to Higgins the southeast block of the western
fault moved 100 feet northeast, and the southeast block of the

eastern fault moved 330 feet northeast,
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Samples of the Southern Traverce

Sarnle 98.--Sample 93 contains very little sericite, 1 to 2 percent,
but what is prescnt hes a definite planar orientation. In

addition to the quartz and sericite there is hematite dust, a few
grains of water-worn rounded zircon and sone water-worn topaz. At
least 98 percent of the rock is ocuartz. The cuartz shows extensive
fracturing and undulatory extinction, “here are quartz crystals
with gas bubbles and liquid inclusions and also quartz crystals

that are corroded. The corroded erystals show undulatory extinction

and slight fracturing.

Sample 96.--Less than 1/2 percent of the total volume of the rock
is sericite. A few scattcred grains of zircon and hematite dust
are present.

The hematite dust is arranged in planes within the quartz
crystals. The planes cross crystal boundaries without distortion
or offset. The cuartz is recrystallized, and has an annealed
texture., The hematite planes are not completely parallel to each
other, but may vary from their average direction 5 to 7degrees,.
A few large aquartz erystals, porphyroblasts, are isolated among
much sraller quartz crrstals, The porplyTroblasts have curved

planes of hematite inclusions, or helicitic texture.






DIAGRAM OF DISTANCES OF SAMPLES FROM FAULTS

NORTHERN TRAVERSE

SOUTHERN TRAVERSE

100 30 O 100 200

= —

Figure 1.
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Some of the larger quartz crrrstals are stroined and
fractured, In the larrest crrstals there is extreme undulatory
extinetion, There appears to be a definite plane of elongation
of the larger quartz crrstals, which parallels the orientation
of the few sericite crystals, This plene is not the same as the
one including the hematite dust. There appears to be an acute
angle of about 25° between them,

From the helicitic texture one can deduce that at least
sore crystels were rotated during their growth in the metamorphie
fabric and that there was paratectonic crystallization. The
hematite inclusions that do not occur in rotated porph;roblasts,
but cut straisht across crrstal boundaries, are perhaps in post-
tectonically formed crystals, These crystals show little strain,
undulatory extinetion or fracture and occur in groups showing
annealed texture with no signs of granulation about the boundaries
of a crystal,

The difference in orientation between the plane of hematite
dust and the plane of elongated quartz and sericite can be
explained by internal rotation, or multiple sets of s planes.

The author assumes that the plane of hematite inclusions represents
an originel 8 plane of the fabric, and that the plane of the
elongated quartz crystals and sericite represents a present s plane.
The present s plane, or rather the components of the rock which

make the s plane noticeable, once fovored the erpression of the



hem:tite dust plane, but have now been rotated to a new position.
The plane of hematite cdust right be called a relict s plane, or
perhaps part of a relict fabrice

It is not necessary to explain the change in orientation
by rotation. The same change could be eflected by recrystallization
of quartz and rmica, the present direction of elongation being a

favorable growth direction,

Sample 95,-~Sample 95 is similar to sample 98, It need not be

given separate zttention,

Sample l.--Sericite is less than 1 percent of the total volume of
the rock, The quartz crystals are srall, Their greatest length
is from 0.05 mm to 0,10 nm in the plane of the thin section. A

few scattered hematite grains are present.

Sample 2.,-~The quartz crystals show udulatory extinction and some
fracturing. The smallest crystals are less than 0.10 mn in their
greatest length and the largest are more then 1.00 rm, The rock
has lecs than 1 percent sericite, Some of the sericite has formed
in cracks in the quartz crystals and is parallel in elongation to
the eracks. There are also quartz crystals that are included
within larger quartz crystals of different optical orientation.
The sericite in the cracks of the quartz crystals is of para-

tectonic or post-tectonic growth.



Since most secondary growth of cuartz is in optical
continuity with the original rrain, there must be some particular
reason why it is not in this sample, The "original sroin™ in
this sample is probably not an original detrital rrain, since it
is idioblastiec. There may have been two periods of deformation
and crvstal growth. The first produced the included quartz
crystals, which perhaps grew in optical continuity with the
original detrital cuartz., The second period produced an additional
growth of quartz of which the optical orientation was controlled
by the forces exerted during the second deformation. The forces

were different from the forces of the first deformation.

Samples of the Northern Traverse

Samples in the basal Sturgeon quartzite
Sample 12,--Sericite and muscovite are approximately 8 percent of
the total volume of the rock, The sericite and muscovite form
elongated . jens-shaped patches that appear to have a consistent
orientation, The quartz crystals are small, They range from 0,05 mm

to 0.50 mm in length in the plane of the thin section.

Sample 1ll.-——Sericite and muscovite are about 7 to 8 percent of the
total volume of the rock and form a sort of matrix for the quartz
crystals, The quartz crystals range in length from 0.05 mm to
0.50 rm, Sone crystals have gas or liquid inclusions and some

show what ney be Bohm striations. The quartz crystals appear to

be thoroughly stroined.
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This is the only scmple which includes any feldspar, A
few fragments of microcline and orthoclase are in the finer-grained
parts of the rock., Since sample 11 is the sample closest to the
base of the Gturgeon quartzite and to the rern Creek formation
below the Sturreon quartzite, perhaps the feldspar is an indication
of the changing composition of the cquartzite as it grades into
the arkosite and greywacke of the Fern Creck formation,

The nost interesting feature of this sample is a small
quartz vein which can be seen megascopically on the sample and on
both thin sections cut from the sample, The vein strikes N, 45° E.
and dips 559 SZ, The quartz crystals in the vein zre larce and are
fractured and show undulatory extinction. The width of the vein
is 0.50 em and the walls are sharply defined and very straight.

Since the quartz crystals show evidence of strain and

deformation, there must have been deformation after the quartz vein

was emplaced,

Sample )3.—The greatest lengths of the quartz crystals range from
0.05 rm to 5,00 rm in the sample., lany of the large crystcls show
undulatory extinction, and a few show fractures. The sericite
and muscovite, which are 7 to 8 percent of the total volume of

the rock, have a planar orientation which is easily seen under

the microscope.



Sorple 9,--5Sericite and muscovite occur in large elonrated lense
like patches and make up 10 to 15 percent of the total volure of
the rock, The lenses have a definite planar orientation, 7The
quartz crystals range in lencth from 0,05 tm to over 1.00 rm., The

larzer quartz crystals have very maried wndulatory extinection,

Sample 7.--ibout 20 percent of the rock by volume is sericite and
muscovite, The mica forms a sort of motrix around the quartz
crystals, Ibst of the cuartz cristals are of approximately the
same size, cround 0.50 rm, The ocuartz shows strain and fracture.
The mica and the cuartz are aligned in the same planar orientation,
Some of the quartz crystals have inclusions such as patches
of smaller-sized quartz crystals and a few include zircon crystals,
The inclusions are again an indication of two cycles of crystal
growth., The small included quartz crystals are idioblastic and

certainly not detrital quartaz,

Samples in the Sturgeon cucrtzite
g~mnle 1,.--The quartz crvstals range in length Irom 0.05 rm to 0,50 rm
in the plene of the thin seetion., Uhe sericite, 5 to 7 percent of

tie total volume of the rock, has a definite planar orientation,.
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Sarinle 15,--There are come extremelr lor~e quartz crystals showing
fractures and undulatory extinetion, There are also arcas of
very smzll quartz crystazls, lericite is about 1 to 2 percent

of the total volume of the rocls,

S rple 10,~-~The sample is very similar to sample 15. Some
inclusions of sericite cccur in large quartz crystals, The quartz

crystals have little undulatory extinction ~nd no fracturing.

Sample 8,--Some quartz crystals cre veryr large, over 5.00 rm.

The larce crystals show some fracturing and undulatory excbinetion.,
Sorie quartz crystals are inclusions within lar~er quartz crrstals,
as in sample 2. Sericite is 3 to 4 percent of the rock and is
often segregated in patches free of quartz crvstals, lio planar

orientation is visible under the microscope.

Sarple 6.--The rock contains 2 to 3 percent sericite. Quartz
crystals range in length from 0.05 mm to 1.00 mm and are elongated

in a definite direction,

Sample 5.,—-Some quartz erystals are greater in length than 5.00 mm,
but there are also the usual small quartz crvstals of 0,05 rm to
0.10 rmm. The sorple has some tendency towerd foliation. The large
crystals and sell crystals are in fairly distinct parallel zones.
Zones of 5 to 6 percent sericite are present, In the other zones

about 1 percent of the rock volume is sericite.



Samples 4 and 3.--Both samples are similar to sarmple 1 except

that ther have no hematite,

Scomples 16 and 17,--Both samples are talen from retadiabase dikes.

m

‘he rocks appear to have been sheared, and perhaps d;mamically
metamorphosed. The minerals present are biotite, quartz (less
than 5 percent), hematite, actinolite, hornblende and chlorite,
The mincral ascemblage, the absence of feldspar and the
appearance of the rock in the thin sections strongly suszest
low ¢grade  metamorphism from a normal mafic irmeous dil:e rock.
The metamorphic faeies is tie Greenschist facies, and probably

the Biotite~chlorite subfacies,

llo detrital cuartz grains are apparent, all quortz being
crystalloblastic., The zircon and topaz, and perhaps the feldspar
of sample 11, are original detrital grains, Iliggins (1945) felt
that the larger-sized quartz crystals of the Sturgeon quartzite
are original detrital srains, and that the small quartz erystals
that often surround the large crystals or are in the interstices
between larger criystals are "erush" quartz and are evidence of a
cataclastic texture. The author plotted large crystals separately
from small crystals on 211 diagrams and found the preferred
orientation to be the same for both. If the texture is cataclastic

it is not likely that both erushed and uncrushed erystals would
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have the same preferred orientation., It is the authort!s opinion
that the quartzite has becn recrystallized and that the largest
quartz crystzals are pornhiyroblasts,

The only ricroscopie original structures or signs of
microscopic relict texture are the planes of hematite dust in
sample 96, lepascopie original or relict texture can be seen in
the bedding pl-nes, cross bedcing and ripple marks,

It is difficult to say much about the metamorphism which
has taken place, except that there may have becn several crystal
growth stages; perhaps each accompanied a different deformation
or diifferent stages of deformation in one comprehensive event,

The reasons for suspecting two periods of crystal growth and
deformation are:

1. Idioblastic quartz erystals show undulatory extinction,
fracturing, and corrosion,

2. ome planes of hematite inclusions are curved and some
are notj the first indicates paratectonie crystallization and the
second post-tectonic crystallization.

3, Idioblastiec quartz crystals are inclusions in larger

quartz crystals,
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Petrocravhie characteristics of samnles

Sample Stratigravhie Tercent mica Size of quartz
number position in total volume crystals
of roek (millimeters)

98 Sturgeon quartzite lto2 = e
%6 ———— o= 1/2 —————ee
95 do lto2 = emmmmeemee

1 ~do 1/2 0,05 to 0.10

2 do 1/2 0.10 to 1.00
12 basal Sturgeon 8 0.05 to 0,50
11 do 7 to 8 0.05 to 0.50
i3 do 7 to 8 0.05 to 5.00

9 do 15 0.05 to 1.00

7 —do 20 0.50
1 Sturgeon quartzite 5to 7 0,05 to 0.50
15 S Po— 1to2 0.05 to 5.00
10 do 1to2 0,05 to 5.00

8 Bl D sttt 3 to )4 0,10 to 5.00

6 -do 2to3 0.05 to 1,00

5 do 1l 0.05 to 5.00

L -do 1/2 0.05 to 0.10

3 ~do 1/2 0.05 to 0.10
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I2IROFABRICS

Previous Work

The most detailed petrofabric and structural study
available on the area surrounding the Falls of the Sturgeon is
by James W, lligzins, liggins! doctorial dissertation rather than
his journal article is the scurce of quoted materizl in this work.

Higgins finds two types of deformation have taken place.
In rock containing a mica matrix for the quartz grains, as the
basal Sturgeon quartzite, the original clastic grains have been
dislocated along prism planes and the dislocation has been
followed by external rotation of grains in the matrix, In rocks
containing little or no mica those grains whieh were originally
oriented favorably héve yielded along their prism zones, and
those not oriented favorably have been crushed and granulated.
Some of the crushed quartz has been annealed into unstrained grains
of intermediate size.

Although the two types of rocks have responded in different
ways, lliggins finds no significant differences in their fabrics.

Higgins finds that rock fabrics near faults exhibit split
A-C girdles, a product of rotational shear, and probably the result
of the second deformation of the area. Since the A-C girdles

are horizontal, the B axis of rotation must be vertieal, Generally,



the fabries he finds are horizontal girdles, and near the sample
area the preferred orientation of the c-axes is east-west,
Higgins postulates thnt this preferred orientation is due to
faulting, lie states (1545):

From the arrows which indicate relative direction of

movement of fault blocks, it cazn be visualized that

the maximum orientation of the c¢—-axes corresponds very

well to the direction of elongation of a strain ellipsoid
acted upon by a shear couple.

Samples of the Southern Traverse

The intensities of the maxima increase away from the western

fault. The order is not perfect, but it is suggestive., Sample 98
15 about 290 feet from the fault and has a 5§ percent meximum

and a definite girdle fabric., Sample 2 is 180 feet from one

fault and 100 feet from the other and also has a 5 percent maximmum
and a girdle fabrie., Sample 1 is 120 feet from one fault and

160 feet from the other, but has only 3 percent maxima, Sample 96
is 80 feet from the western fault and has a poorly defined fabric
pattern with two 3 percent maxima, Sample 95 is also 80 feet

from the fault and has 2 percent maxima,

Sample 98,-~The fabriec diagram (Fig. 2) has triclinic symmetry,
whieh has no plane of symmetry, but a center of symmetry.
Trielinic symuetry results from one-direction flow which has been
dragged to the side by some frictional resistance or from the

superposition of two movements that did not have coinciding axes.,
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Fig., 2, JGample 93, 600 quartz c-axes, Contours 5-4-3-2-1 %.
S5 is the bedding plane, S, a Joint surface.
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The girdle may be parallel to the ac plane, and be similar
to the girdles found by liiggins in the Pine Creek area., It is
a B-tectonite fabric., A B-tectonite girdle may indicate either
the orienting influence of multiple sets of slip planes developed
by internal rotation or external rotation of the slip planes by
flexural movement, G5ince there is no indication in the hand
specinen or under the microscope that flexural movenent, bending
of s planes, has taken place, the fabrie must have been developed
by internal rotation. Z=Zither type of movement changes the
position of the slip planes, but the slip planes throughout the
movenent are parallel to an axis normal to the plane of the
girdle. The axis to which the slip planes are parallel is the
¥ axis if the girdle is an ac girdle. Assuming the girdle is an
ae girdle, the b axis, the axis of rotation, is in the bedding
plane and the ac girdle is normal to the bedding plane, The

joint surface is roughly parallel to the ac plane,

Sample 96.--Sample 96 (Fig. 4) has two 3 percent maxima and one
large and well-defined peripheral north-south minimum, The bedding
plane and the joint surfaces marked on the diagram appear to have
little relation to the pattern of preferred orientation shown. The
diagram represcnts a somewhat deformed girdle secn on edge., The

rirdle plane is vertical east-west and the axis normal to the
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Fig. 3. O5ample 95, 750 quartz c-axes. Contours 2-1 %, S1 is
the bedding plane, 52 and S3 are joint surfaces.

Mg. 4. Sample 96, 600 quarte c-axes. Contours 3-2-1 #. 5y is the
bedding plane. S, and 83 are joint surfaces,



S
Fig. 5. Sample 1, 300 quartz c-axes. Contours 3-2-1 0. S, is
the bedding plane. S5, and 83 are joint surfaces,

Fig., 6. Sample 2, 300 quarts c-axes, Contours 5-4-3-2-1 %, Sl
is the bedding plane. Sy, 83 and Sh are joint surfaces.



girdle is horizontal north-south, If the fabrie diarram of
sample 98 represents an ac girdle, this 2lso may be an ac rirdle,
but with different direetions cf fabrie axes than the girdle of

sample 98,

Sarple 95.,-- Sample 95 (Fig. 3) shows little preferred orientation
in the fabric diagram., The raxima are of low intensity. There is
a faint suggestion of two girdles, both seen in the diagram upon
edge, Bedding and joint planes appear to have little relation to

the pattern of preferred orientation.

Sample 1l,--Again, it is not possible to assign any definite
pattern to the fabric shown in the diagram (Fig. 5). The author's
guess is that it is a disrupted girdle and that perhaps some
maxima have been oriented by faulting forees., The maxima are

better defined than in sample 95.

3ample 2.—In sample 2 (Fig. 6) there is a clearly defined girdle
with a 5 percent maxirum and scveral 3 percent maxima, but it has

a different directional orientation than the girdle in sample 95.
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Here the girdle is seen as

This fabrie is identiecal with the f:brie of sample 98, If the

fabrie diagram of sample 98 is rotated to the horizontal, it will

appear as
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The only differences zre in the exchange of position of some
2 and 3 percent maxima, ‘he number of maxima and the position of
the 5 prrecent maximum in each diasram is the same.

Cince the fabric is the s=me, except for its direction,
the fabric axes must be the same relative to the fabrie, If the
pirdle of samvle 98 is an ac girdle, so is the gzirdle of sample 2,
The ac plane must be aonroxirately verticzl and north-south and the
b axis is no lonrger in t e bedding plane, but is annroximately
horizontal and east-west, The joint surface shovm on the diacgram

does seem related to the fabric.

In a brief summary of the samples in this series, the

foilowing points should be mentioned, OCample 98 and sample 2

have the same fabrie, possibly ae girdles, but the fabric is
diffe-ently oriented in the two sarples, .ssuming the girdles are
parallel to the a¢ plne, in sample 98 the b axis is oblique,
olunging northwest, and in sample 2 it is approximately horizontal
and east-west, The girdles evidentlvy are neither the result of
faulting, nor the result of forces that hrourht about faulting,

as the fabric is best develoned awey from the faults, iear the

faults the girdle pattern is confused or unrecognizable,



Shrples of the lNorthern Traverse

Samples in the basnl Sturceon quartzite
Sample 12 is 110 feect from the nearest frult, s~mple 11
is 130 feet from a fault, and szmple 13 is 4O feet from a fault.
Sample 9 is 70 feet from the western fzult and 100 feet from the
eastern fault, Jample 7 is 30 feet from the eastern fault,

All diasrams have 3 percent maxima.

Sample 11,—O0f the samples in the series, sample 11 (Fig. 10) is
the only one in which a girdle fobric e2n be recognized. The
girdle is not perfectly formed., As in sample 98 and sample 2,
there is a tendency for the maxima of greater intensity to be in
one half of the girdle, The axis normal to the plane of the
girdle dips a few decrces south, probably between 10° and 15°,
The girdle may be an 2¢ girdle, 3Since the fabrie has many
similarities to the fabrics of s=mple 98 and sample 2, there is
reason to assume that the girdle is the same t:pe of girdle, If
it is an ac girdle the b axis is not in the bedding plane but is
almost perpendicular to it and the bedding plane is roughly
parallel to the ac plane, as is the joint plane in sample 98.
Sarmvle 11, 130 feet from the nearest fault, is farther from
the faults than the other samples in the series, From the previous
information about the behavior of fabiric patierns toward and away
from the faults, it is expected that this sarple would have the

most clearly formed girdle pattern in the scries.
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Fig. 7. Gamnle 12, 400 quarts c-axes, Contours 3-2-1 %, s1 is the
bedding plane, S‘ is a joint surface,

Fig. 8. Sample 13, 40O quartz c-axes, Contours 3-2-1 &, S, is
the bedding plane., S, is a joint surface,



Fig. 9. Sample 11, 100 cuartz c-axes from cuartz vein. Contours
9=7=5=3=1 &. Sy is the surface of the vein walls,

rig. 10, Sample 11, 400 quarts c-axes, Contours 3-2-1 %, S, is
the bedding plane. S, and S3 are joint surfaces.



The fabrie diagram of the vein quairtz in samnle 11
(Fiz. 9) shows thot the eoncentrations of the c-axes of the
quartz crystals nare either parzllel or subparallel to the vein
walls, This is not a tectonie f:bric but a growth fabrie,

The maxima prrallel to the vein walls cre tie c-axes of
crystals that grew with their prism foces mrallel to the vein
wells, Perhaps the maxima subporallel to the vein walls are
the ec-axes of quartz crrstals that grew with their rhombohedral
faces parcllel to the vein walls, The 9 percent muximum is about
L0° from tle vein wall, The unit rhombohedron has an interfaecial
angle of 32° with the unit prism parallel to the c-axis of
quartz crystals,

It is not possible to determine precisely the tine of
the quartz vein intrusion, Since the fabric shows little sign
of disturbance from its original growth pattern, it was probably
erplaced after the deformation responsible for the girdle which
can be seen in the fabrie diagram of s-rple 11 (Fig. 10). It
mey or may not have been emplaced after the faulting., The effect
of the faulting on the rock fabric apporently did not extend as
far from the fault as sample 11, However, the crystals do have

sims of strain.

Sarnle 17.--The fabric patiern (Fig. 7) is hard to define. It

would require a difficult stretching of the imagination to call



the fabrie a girdle fabric, The fabric apnears to be another
exarple of the confusion of fabric pattern thrt is foird in the
quartzite near the fiults., Yet the sauple is oniy 20 feet closer
to the western fault than sample 11, w:ich has a reccormizable
rirdle,

Cne joint surface and thre bedding plane appear to have

some relation to some of the maxima of the diasram,

Srmple 13.,—~This fabric (Fig. &) is also difficult to exnlain,
Doth sample 12 and sample 13 have peripheral mexima on their fabrie
diegrams, but the; do not have the same orientation in the two

samples, A northwest—southeast maxirmum is present in toth samples,

lone of the other naxima have much correlation,

Sarple 9 and sample 7.--MNo definable fabrie pattern can be

recognized in the diazrams (fig. 11 and Fig. 13). The bedding

plane in both diagrams appears to be unrelated to the fabrie, but

one joint surface passes through several 2 percent maxima on each
diagram. On toth diagrams the 3 percent maximum strikes aprroximately
N. 10° W. ad rlrves approximately 60° SE. Both samle 7 and

sample 9 have a planar arrangement of quartz grains vhen viewed

in the thin section.
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Perheps the fabriec diagrams show a fabriec which wes
partially reformed from a B-tectonite fabrie to an S-tectonite
fabrie. (See the discussion of sample 14.) The 3 percent maxima
probably indicate that the quartz crystals have been reoriented
by a direction of shear related to the faulting and that the fabrie
is partially that of an S-tectonite, The increase of area of the
3 percent maxima toward the fault supports the idea, As the
orientation of the fault plane is not known it cannot be determined
if the 3 percent maxima are directly related to movement in the

fault plane,

A new fabric pattern, one of an S-tectonite, appears
toward the fault in this series of samples, The girdle fabrie
occurs in only the sample farthest from the faults. The possible
S-tectonite fabrie is in only the two samples between the faults,
These sarples are the two samples most affected by the faulting

and the forces responsible for the faults.

Samples in the Sturgeon quartzite
Sample 14 is 20 feet from the western fault, sample 15
about 50 feet from the western fault, and sarple 10 about 65 feet

from the western fault, Sample 8 is 110 feet from the western
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Fig., 11. Sample 9, 400 qusrtz c-axes. Contours 3-2-1 %, 5y is the
bedding plane, S, is a joint surfzce. ‘

Mg. 12, Samnle 10, 400 cu-rtz c-axes., Cont-urs 3-2-1 &, S1 is
the bedding -lane. S, is a joint surface,



35

Fig. 13. Sample 7, 500 quartz c-axes. Contours 3-2-1 %, Sy is the
bedding plane. S, and 33 are joint surfaces.,

rig. 14. Sample 8, LOO quartz c-axes, Contours 4-3-2-1 %. S5y
is a bedding plane., S, is a joint surface.
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Contours 4-3-2-1 %, Sy is

Fig. 15, Sample 14, 400 quartz c-axes.

Sl is

15, 4LOO quartz c-axes, Contours 3-2-1 %,

Sample

rig. 16,

joint surfaces,

the bedding plane, S; and S are
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fault and 70 fcet from the eastern fault, Sample 6 is 40 fect
fron the castern fault., ovarnle 5 is 30 fect from the eastern

fault, sample 4 about 50 feet, and sample 3 about 110 fect.

Sorple 14, —-3ample 14 (Fig. 15) has one roximum of greater
intensity than other maxima of the diagram-—-the 4 percent maxirum
in the northwest aquadrant of the diagram, Point maxima indicate
S-tectonites., S-tectonites are rocks in which the structures
most important in the formation cof the fabric of the rock are

s planes, lovement of the rock during deformation is influenced
by the s plones. In some rocks moverent along the s planes
orients the component grains, and the rocks are called "slip
tectonites.® Bccause of the sample's proximity to the western
fault plane, it is reasonable to assume that the faulting, or
forees producing the faulting, have helped to form the fabric
shown in the diagram, It is also reasonable to assume that slip
occurred along 8 planes close to the foult.

The e-axes represented in the maximum strilke approximately

I, 50° W,adphres 60° N,

Sample 15, sample 10 and sample 6 .--Sample 15 (Fig. 16) has two

3 percent maximaj sample 6 (Fig. 18) has three 3 percent maxima
and sarple 10 (Fig. 12) has one 3 percent mexima. The maxima are

not in the same positions on the three diagrams, nor are they



similar to the feobric of sample 14 cor sample 8. Cne mirht be
tempted to say sample 10 has a random fabriec.

The fabrics of saiple 15 and sample 6 may, in part, be
the result of the reorientation of quartz erystals due to the
forces of the faulting. irobubly the fabrics of the three

diagrans are partly disrupted and confused girdles.

Sanole 8,—The 4 percent naximum (Fige 14) in a sample not close
to either fault and not of the same orientation as the naximum of
sample 14 reaquires a different explanation,

sample & is about midway between the two faults, If
the movement of the two faults is considered relative to the
block betwecn them, it can be surmised that the axis of greatest
strain, but least stress, the A tectoniec axis, is necrly north=-
south, liiggins (1945) uses this direction as an explanation of
his composite diagrams, which show definite maxima in this
direction, and attributes the maxima and fabrie to the forces
of faulting. Perhaps the maximm of sample 8, not exactly
horizéntal, but tilted as one would expect if the movement on the
faults has not been entirely horizontal, is an expression in the
fabrie of the direction of least stress. ‘'he fabrie is that of

an S=-tectonite,
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It is interesting that samle 1 (Fig. 5), also about
nidway between the two faults but fartiier from both faults, also
shows a raximum in the direction of the roxdirmum of samrle 8.

In sample 1, however, there are s:veral other eually strong

naxima that may be part of a disarranged girdle,

sample 5, sample 4 and sonple 3,-- Sample 3 (Fig, 19), thoush it

is 110 feet from a fauit, has no recogniz~ble girdle patiern, nor
do the other samples closer to the fault.

“he three diagrans are quite similor, but there are
differences between them, Sample 5 (Fig. 17) has one 3 percent
maxirum in the northern half of the diagram and an extensive
2 percent area surrounding it,., Sample 4 (Fig. 20) has two 3 percent
maxima and one strong 2 percent area. Usample 3 has three 3 percent
maxima; the 2 percent areas of scmple 4 apparently have beccme
areas of higher concentratiocn away from the fault, Sample 5 has
a 3 percent maximum in the southwest quadrant of the diagram,
sample 4 a well-marked 2 percent concentration in approximately
the szme location, and in sample 3 the maximpm cf the southwest
guadrant nas disappeared,

The fabrie cianges progressively in two ways coing away
from the foult. The maximum in the southwest quadrant gradually
¢isappears, and there is an increascd intensity and number of

maxima in the northern half of the diagrons.



Fig. 17. Sample 5, 40O quartz c-exes, Contours 3-2-1 4. 5p is
the bedding plane., S, is a joint surface.

Fig, 18. Sample 6, 400 quartz c-axes, Contours 3-2-1 $. S is the
bedding plane. S, is a joint surface,
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Samrles @ :d 7 (Ti7. 1Y &nd Tir, 13) show the soe
raximum in the souvthwest cuadrant incresssc in intensity townrd
the fault., Clearl- this maximun is related to the faulting. The
rnexima of the northern half of the diarrams nay be an exvression
of the girdle fabric gradually reasserting itself awzy from the

disrupting influence of tze fault and a superimposed S-tectonite

fabriec.
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Two t:pes of preferred crientation ~re foird in the
sample area, One is the regional fabriec patitern, the girdles,
also found by Iligzins (1945) in his stud; of the Iine Creek zrea,

It is a b-tectonite pattern., The girdles can be seen on the dizgrams

-3

of three samples——sample 98, sarple 2, and sample 11, The

three samples are the samples farthest from the fault zones.

The rinile fabrie is probably the result of regional folding
which took place before the faulting. The second pattern is that
of an S~tectonite and is best shown in the diagrems of szrple 14
and sample 8, OJemple 14 is only 20 feet from the western fault
and sample 8 is midway between the two faults, Cther samples
have indieations of a partially developed S-tectonite fabrie
(samples 9, 7, 5, 4 2nd 3). All such samples are close to the
fault zones and the intensity of the S-tectonite fabric decreases
as distance from the faults increases.

Figzins (1945) postulates that the girdle fabrie is the
result of faulting. The evidence of this study indicates the
B-tectonite girdle fabriec is not the result of faulting but of
the regional orienting forces and processes of the folding previous

to the faulting. The S-tectonite fabric is the fabric which shows

the influence of faulting.
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Higeins (1945) also found vertical B axes and horizontal
A-C girdles, The girdles found in this study are not hoerizontal,
but they mar be ce sirdles, If the sirdles are porallel to ac,
the b cxes are eithier inclined or nearly horizontal, The possible
inclined b axis is from the samnle farthest from the faults, It
nay be that the undisturbed rerional rirdles do have vertical
axes normal to the plane of the girdle and thot the girdles in
this study are all so close to the faults th:t the fabric has
been disturbed by the fauwlting forees. That the girdles are not
always in the same orientation is illustrated by samples 93 and 2,

The many fabrics which cannot be defined are probably
fabries that originally had girdle patterns, The fabriec of these
samples has been disrupted and partially reoriented by fiulting,
but not sufficiently reoriented to clearly show an S-tectonite
fabrie pattern. Since two types of fabrie are mresent, one of
later origin than the other and local in occurrence, it is
reasonable to expect "transition! fabries that show the influence
of both orienting processes,

The petrographie and petrologic study of the guartzite
jndicated that there have been two periods of crystal deformation
and growth in the area., This is independent evidence that agrees
well with the fabrie patterns found--one earlier and regional

and the second later and local.
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