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Absﬁract

The Beartooth Mountains are one of several Precambrian
blooks uplifted in the Middle Rooky Mountains during the
Laraside Revolution, Quartzites, para-amphibolite and irone
silicate rocks are interlayered with granitic gneisses and
migmatites. Gpanitisation of the metasediments has been
dated at 2.7 b.y?. while zircons'with detrital character=-
istics yleld 3.1 b,y, as & minimum dato,

The Quad=-Wyoming-Line Creeks area is located in the
northeastern portion of the Boartooth Range and consists
mainly of migmatitos.'granitic gneisses, amphibolltes and
quartzitoi. Mica schists, granlitic pegmatites, iron-sili-
cate rocks, ultramaric rocks and mefic dikes are subordinate.
Laremide felsic porphyries occcur as dikes, 31113 and small
plugs, .

Detailed mapping, scale 132400, and statistieal struce
tural analysis has demonstrated two large ¥-8 to NE=SW
trending folds; the Quad Creek synform and the Wyoming Creek
antiform. These are later (Fz) folds and plunge S-8W, They
are slightly non-cylindricsl and non-plane. An earlier, Py
synform tronda:E-W in the nose of the Py Quad Creek synfomm
adjacent to a metanorite body., No other undoudbted largse Py
folds have besn observed in the map area. Agmatite 1s ese
peclally widespread in the wyuming'Creok antiform nose., The
mﬁjor F, synfora 1s more appressed than tho antiform, and the
general fold style is "similar",
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Mesoscoplc stetistical structural analysis of the Quade
‘WyomingeIine Creeks tectonite has been conducted by measure
ing axial planoa-and‘dzba of Fl and Py smq}l‘rolda, horme
blende lineations and skialith elongiticis at 12 structure
stations, Stationsg homogenoous?wﬂﬁh regééct to a particu~
lar penstrative fabric elensnt have been combined into
macroscopic subareas,

Refolding of small P, folds by F, folds is common.

In general, F; folds are isoclinal with an amplitude to
wave length ratio of 2:1 or greater. ﬁﬁ&ll Fé‘rolda are
gonerally more_opon.thgnﬁﬂi rfolds aund have 1:1 aﬁ%litude
 to wave length ratic. Contrasting ﬁéaﬁ'éﬁctilitﬁglfare
influentidl in Fi and Fy, rold styles, Dassive‘rldw fdlds
are common in ductile migmatites, graniiloc gnpiaael and
micaceous rocks, while flexural flew folds are ppavalont
in rtlativaly non-ductile quartzites and pnra-am%htuollte.
Axes of ¥ small folds, By, and hornblenda olongationn.
Ly, ave folded by F, rolds. Bl- and [y-subtabrics rctloct
F, fold geometries in rocks of variable mean ductilities.
"simllar" F, fol&a 1a ductile migmatites, granitic gneisses
and micaceous rocks have dispersed B, and L, along planes,
wilch are great clicle girdles on lower hemisphere equal
area projections. S1lightly "concentrie" F, folds have
formed in relatively non-ductile quartzites and para-amphi-
bolite, dispersing these linear oloﬁonts along curviplanar

surfaces,
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B, and F, small fold axes, Ba, are generally parallel
throughout the map area but have different plunges. Iy

lies in the major compositional plane, S and therefore,

o’
changes strike progressively around F2 fold noses. B1 and
L1 are generally concordaht, except in the Wyomlng Creek
antiform nose. F2 small folds appear to be parasitically
related to the major F, folds.

Constructed & S;-axes are generally coincident with
B2-axes. The mesoscoplc So-subfabric symmetry 1s generally
triclinic in the map area, while 1t has been found to be
monoclinic on the megoscoplc and macroscoplc scales iIn the
Lonesome Mountain area (Larsen, Poldervaart, and Kirchmayer,
in preparation). F2 axlal plane foliation (Sz) 1s well
developed in migmatites, and pre-granitization axial shear-
1ﬁg has been demonstrated also,

Deformation of L, by F2 folds precludes the possibility
that the Quad=Wyoming-Line Creeks area is a B-tectonite,
l.e. only one fold set is present., Triclinic So-subrﬁbric
symmetry supports this conclusion. Concordance of By and
L1 suggeats a temporal and genetic relation between forma-
tion of the F, folds and the crystallization of hornblende.
Bl’ Ly and B2 change strike progressively arcund the nose
of the Quad Creek synform adjacent to the metanorite body.
The writer believes that this body has acted aa a protective
block during granitization preserving the large Fy fold

here. Pre-granltization shearing and S_ axial plane folla=

2
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tion has destroyed large.F, folds elsewhere. The metanorite
body was probably émpleaced prior to FZ folding, causing
divergoncq of B, adjacent to the body.
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INTRODUCTION

Location and Reglonal Setting

The Beartooth Mountains are one of several Precambrlan
blocks uplifted in the Middle Rocky Mountain Region during
the Lafamide Revolution (Figure 1), The larger blocks
typlically have majdr frontal thrusts and gravity tectonlc
features assoclated with the uplifts. Vertical uplift
ranges from approximately 10,000 to 35,000 feet, Numerous
hypotheses have béen pressnted to explain the nature of
the uplifting and associated faulting (Bucher et al.,
1933; Thom, 1957; Foose et al., 1961; Eardley, 1963;
and Wise, 1963).

The Beartooth uplift is located along the Montana=-
Wyoming border between longitude 109°20Wand 110°40'Wand
latiltude lhyolisW to 45°30W. It 1s bordered on the north-
east by the Bighorn Basin and by the Tertiary volcanlcs
of the Absaroka-Shoshone Mountains on the southwest (Fige
ure 2). The uplift is archlike and asymmetrical. The
range 1s bordered by the Beartooth Thrust on the northeast
and by the Gardner fault on the southwest, Laramide uplift
has elevated the basement 10,000-~12,000 feet above mean
sea level and 20,000 feet above its level in the Bighorn

" Basin (Bucher et al., 1933)., The segment southeast of the
Stillwater River was :thrust northwestward during the
Laramlde Revolutlion, while thrusting was to the souﬁh-
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Figure l. Locatlion map o the Beartooth
Mountains and surrounding Pre=
cambrian uplifted blocks (after
Bardley, 1963, pe 3).
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Figure 2. Location of the Beartooth Mountalns. (after
Eckelmann and Poldervaart, 1957, p. 1228).
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west northwest of this point (Bucher et al., 1933, p.689;
193k, p.173; Poose et al., 1961, p.1152). |

Detalled potroiogical and structural studies have not
been conducted in most of the surrounding Precambrian
terrains., However, similarities in structural relations,
age dates, and metamorphlc mineral assemblages in some of
the areas suggest that brlef comparison here may be bene=-
ficial in later discusslons,

The Precambrian of the Big Horn Mountalns consists
primarily of pink to gréy granitic gneisses and migmatites
with relatively minor pegmatites, amphlbolites, ultramafic
rocks and mafic dikes (Hoppin, 1961, p.356). While the
gneisses and migmatites are regarded by Hoppin (p.360) as
metamorphic, no undoubted metasedimentary rocks analagous
to the quartzites and iron-silicate rocks of the Beartooth
Mountalns have been found. Mineral assemblages are charac-
terlistic of the almandine amphibolite raci§a (Fyfe, Turmer
and Verhoogen, 1958, p.229). Detalled structural analysis
has been confined to fracture analysis, and Hoppin (pe.356=
357) regards the two conspicuous s-surfaces as products of
shearing., Gast et al. (1958, p.331) report an age date of
2700 m,y.2150 for these rocks., Pegmatites associated with
the youngést granitic rocks in the northern Teton range
yield a similar age date (Giletti, 1960), Reed (1963,
P«62) reports two Precambrian fold sets in this area and
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regards the compositional banding as a transposed surface,
rather than original sedimentary 1ayér1ng.
The Pony metamorphic rocks in the northern Tobacco

Root Mountains conaist primarily of gnelss and amphibo-

| litic granulite, while the Cherry Creek seriles 1s composed
of gnelss, amphibollte, quartzite, marble and anthophyllite
schist (Reid, 1963, p.293)s He considers the Pony serles
as lying conformably over the Cherry Creek sequence, 1ln
contrast to Tansley's (1933, 57p)Aconc1usions. The entire
sequence 1s believed by Reld (p.299-300) to have been iso-
clinally folded about northeast trending axes under granu-
lite facles conditions, producing axial plane schistoslty.
Metasomatic feldspathization and metamorphlc differentiation
s.ccompanied forﬁation of these recumbent, isoclinal folds.
He further postﬁlates intrusion of basaltic dikes and sills
‘followed by two periods of horizontal shearing, first
under granulite facles conditions, then under amphlbolite
facles conditions. These movomenfs largely destroyed the
hinge zonesa of the isoclinal rolds. Broad, concentric
folds deformed the earlier sheared flexures and all fold
axes plunge north. Rubidium-strontium ages of 1500 MeYo
from the Pony and Cherry Creek rocks are suspect, since
ages become progressively younger towards Cretaceous
intrusives (Giletti, 1960). Zircons from the Little

Belt rocks yleld = 2500 m.y., while thelr metamorphism
i1s dated at 1900 m.y. (Catanzaro and Kulp, 196k, p. 115).
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Metamorphlc rock types and age dates are similar in
these Precambrian complexes, but astructural relations in
the Beartooth Range are somewhat anomalous as interpreted
by Eckelmann and Poldervaart (1957, pe.l230). Multiple
folding 1s characteristic in the Tobacco Root Mountains,
the Black Hills (Noble et al., 1949) and in the northem
Teton Range, whereas only 6ﬁe systqﬁ of south plunging
folds has been identified in the Beartooth Range
(Bckelmann and Poldervaart, 1957, p.1230). Quartzites
and 1ron-silicéte rocks in the northeastern Beartooth
Mountains are similar to those in the Cherry Creek
gserles in the northern Tobacco Root Mountains, Antho=-
phyllite~ and cummingtonite-rich rocks have been reported
from both ranges. However, Catanzaro and Kulp (196l,
P«18) have dated zircons from quartzites and granitic
gnelsses from the Beartooth Range at = 3100 b.y., and
the granitization has been dated at 2700 m.y. 150
(Gast et al., 1958). "

Reproducéd with permission of the copyright owner. Further reproduction prohibited without permission.



General Geology of the Eastern Beartooth Mountains:

Topographlc contrasts between the eastern interior
of the Beartooth range and the area near the frontal
thrusts are significant., The latter area is characterized
by U-shaped valleys, cirques and hanging valleys and a

felsenmeer plateau surface stripped of Paleozolic sediments,

The'ronﬁéf area 1s less intensely dissected by Alpine
glaciation and streams, hence steep U-shaped valleys are
not common. Glaciation here was partly of ﬁhe continental
type, producing rolling topography, numerous lakes, roches
moutonnéag low relief and gonofally good exposures, The.
platéaurépproximates the original surface between the
basement and the Lower Cambrlan Flathead sandstone (Hughes,
1933b, Ppe321). Generally, bnly}é:row,Pa}pozoiqzregggnts are
pregerved, such as Beartooth Butte. Paleozolc sediments
reappear in the frontal thrust zone,

Granitlc gneisses, migmatites and metasediments are
found throughout the Beartooth range, and no single area
of 5 square miles has been found which consists exclusively
of uniform granitic gneiss (Poldervaart and Bentley, 1958,
P.8)s Proportions of granitic gnelases, migmatites and
metasediments vary somewhat from the peripheral zone to
the interior. Metasediments are wldespread in the Stille
water area in the northern peripheral zZone and are common
in tha‘northaastern area, These rock types occur as rem-
nants and sklaliths in the interior of the range. Orbi-

cular gneisses constitute large portions of some exposures

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

R e d U ol



in the TLonesome Mountain area (Leveson, 1963). Gray to
white sodic granitlic gnelsses are reportedlyvabundant
north of Cooke City and along the northeastern boundary,
whereas pink potasasic gnelsses are widely ditrlbuted in
the .interior. Mineraloglcally simple acid pegmatites are
widespread and appear as ductless, lensoldal or lrregular
bodies. Other metamorphic ahd igneous rock types are para-
amphibolites, small ultramafic bodles, dolerlite and meta-
dolerite dikes, and Laramlide felsic porphyries.
Metasediments were formerly argillites, with minor
sliltites, arenites and banded ironstones (Poldervaart and
Bentley, 1958, p.9). Interbedded lavas, tuffs or calcar-
enites have not been found. Schists and gneisses in the
range containing mineral assemblages with muscovite, sille
imgnite, kyanite and andalusite are belleved to have been
derived from aluminous arglllites. Metamorphiasm to the
amphibolite facles of dolomitic shales or grdywackes has
produced banded para-amphibolites. Quartzites and banded
ironstones are interbedded and grade into para-amphibolite.
The ironstones form thin lenses, but quartzites are occcas-
ionally thick and persistent units (Map 1). Although
recrystallization of the quartzites has pfoducad coarse,
pure orthoquartzites simllar to vein-type quartz, their
high detrital zlrecon confent proves their sedimentary
origin (Poldervaart and Eckelmann, 1957, pp.l2li2-ll;;
Harrls, 1959, Plate Li). No stratigraphic marker unit
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bhas been recognized, but the thickness of the metasedl=
ments 1s belleved to exceed 10,000 feet (Poldervaart and
Bentley, 1958, p.10).

Ultramafic rocks and ortho-amphiboliteg.have_been
studied in detall by Poldervaart (in preparation) in the
Highline Lakes area (Fige 3) and.Bentley (unpublished Ph.De
thesis, 196l, Columbia University) in the Question Mark
Lake area, Ultramafics usually,rbrm lenticular bodies
there. Pods show rotation internally, and complex folding
is evident in the intervening rocks. Poldervaart and
Bentley (1958, p.10) have described a swarnm of small ultra-
mafic lenses in the Highline Lakes area which follow the

" trend of an antiform axis, and each poed plunges in the
same direction as the antiformal axls, but at a steeper
angle, These pods appear to have formed by disruption
of 8ills or sheets of ultramafic rocks. Ortho-amphibolite
bodies are usually small but widespread. However, thick
sheets of generally unbanded, homogeneous ortho-amphi-
bolite have been reported north of Beartooth Butte
(Foldervasrt and Bentley, 1958, pelO)e

Detailed mapping by Poldervaard and his students
and Wise (1957, unpublished Ph.D. thesis, Princeton
University) have outlined a series of broad, open
synforms and antiforms which trend generally N=-S and
plunge 20-40 degrees S. Wise (1957) has recognized the
Yellow Gulch antiform, Cyclone synfdnm, Deep Lake antle
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MOUNY MAURIC
At

Figure li. Map showing major fold trends in the
Beartooth Mountains (after Foose et al.,
1961, modified by the writer and Casella)
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I

form and the Sawtooth synform in the southeast Bea:tooth
range (Fige Li)o The Sawbooth synform continues through
the Gardner Lake area (Harris, 1959, Plate 5) into the
Quad Creek area (Map l; Eckelmann and Poldervaart, 1957,
Plate 5). The Déep Leke anticline extends towards ILine
Creek where it is offset by a fault and swings northeoast
(Polderveart and Bentley, 1958, pe.ll)e Fold geometries
have been deflned by outcrop pattern# end statistical
treatment of compositional foliations., Generally, the
fold geometry does not vary from the more granitic areas
to the metasedimentary-migmatite areas. Small folds are
coomon in the latter areas but have not been treated 1ln
detail prior to this report. Casella (in press), Harris
(1959, pp.1195-1196) and Larsen, Poldervaart, and Kirch-
mayer (in preparation) measured minor fold axes but 4id
not analyze their axisl planes. Small fold axes form
mexima which are closely coincldent with constructed & =~
axes. However, in the Christmas Lake area axes of small
folds lie in a nearly vertical N-S striking plane in the
east flank (Harris, 1959, p.1196), and no south plunging
statistical meximum corresponding to the regionally defined
4 -axis is suggested. Major folds plunge gently north in
the Cathedral Peaks area near the Stillweter complex in
contrast to the regional south plungé::. (Butler, 196k,
unpublished Ph.D. thesis, Columbila University)e The writer
has found pronounced deviations in the Quad-Wyoming=Line
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Creeks area from the regional trend of small fold axes.

Fracture analysis by Spencer (Figure 5) (1959, pp.
1167-508) on a reglonal scale indicates the following
dominent trends; N1S5°W, E4S°W, NLSOE ‘and N65°W, Other
trends are N55°=60°E, N15°-20°E, N-S to NEYE and NO5OB
to E-W. All of these fractures are nearly vertical. Low
dipping fractures occur in the northeast part of the up=-
1ift and result from more intense deformation in the over-
thrust part of the uplift. Five groups of dlkes have
trends parallel to fractures: (1) Ortho-anbhibolite dikes
are the oldest dikes end appear to be pregranitization in
age. (2) Archean metabasaltic dikes. (3) Unmetamorphosed
late Precambrian quartz dolerites. (l) 0livine dolerite
dikes, probably Tertiary. (5) Laramide porphyry dikes,
Prinz (196l, unpublished Ph.D. thesis, Columbis Univer=
gity) has made additional pefrologic studies of the
mafic dikes.

The Quad Creek metanorite (Map 1) is one of a few
metanorite plugs located along the eastern boundary.
Eckelmann and Poldervaart (1957, p.1257) suggest intrusion
of this body late in the granitization éycle. However,
structural relations suggest emplacement prlor to metaw
morphism, folding and granitization.

The above mentioned quartz dolerite dikes are the
thickest and most continuous dikes in the range. They

are ummetamorphosed and show little evidence of cata=-
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Figure 5. Major fracture trends in the Beartooth
Mountains (after Spencer, 1959, figure 7).
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clastic deformation. Small off-gshoots intruding Jolints

in the country rocks and transection of faults without
displacement date these Intrusions as younger thean the
major joint.syatem in the Archean country rocks. They are
unconformably overlain by Flathead sandstone near Beartooth
Butte. Polderveart and Bentley (1958, p.l2) conclude that
these dikes are "Proterozolc" and were precéded by & major
uplifte. _

Laramide faulting in the Archean rocks genarélly
appears to be dominantly northwest trénding and nearly
vertical, Precembrian trends have controlled these dis~
placements in some instances. Monzonite and granite pore

phyries are penecontemporaneous with Laramide faulting.

Scope of Study

Detaliled studies by Prbfessor Arie Poldervaart and
his students (Eckelmann and Poldervaart, 1957; Poldervaarf
and Bentley, 1958; Harris, 1959) indicated that the grani-
tic gneisses of the Beartooth Range were formed in situ.
Broad, open folds in Archean metasediments were considéred
to have formed prior to granitization (Eckelmann and
Poldepvaart, 1957, P.1230), Pods of metasediments in
granitic gnelsses and.migmatites (Eockelmann and Poldervaart,
1957, Plate 5) suggested that the series quartzite-granitic
gnelss might be defined in this area and studied mineral-
oglcally, texturally and chemically. Granitic gneissges

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16

frequently have modal quartz contents as high as 38 per
cent, Detailed mapping by the writer on oblique serial
phogogrépha in 1962 suggested a more complex sttuctural
history. Specifically, the followlng features indlcated
the need for further structural‘studiea:
(1) Mapping by the writer in the axial zone of the
' Quad Creek synform just north of the metanorite
body (Map 1) defined an E-~W trending synform,
suggeéting an earlier period of folding.
(2) outecrops of metasediments are frequently "hook"™
" or "crescent" shaped (Eckelmenn and Poldervaart,
1957, Plate 5). Carey (1962, p.101L) has shown
these patterns to be characteristic of super-
position of fold sets. Termination of meta-
sediments in each other and not in granitic
gnelsses or migmatites cannot be attributed
to granitization.
(3) Detalled mapping shaowed that the quartzites are
generally continuous.
Measurement of the following linear and planar structural
elements on the megascoplc and maaroscppic scales have been
made where possible throughout the map area:
(1) Small fold axes,
(2) small fold axiel planes,
(3) Hornblende elongations,
(l4) Elongation of pods and skialiths, and
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(5) Compositional foliations.
Geametrical and kinematic analyses of these penetrative
fabric elements are presented in the following pages.
Results of these investigations also clarify the petrolo-
gy of the eastern Beartooth Range.

Methods of Investigation

Fleld mapping was done on low level oblique aerial
photographs taken during the summer of 1962. Low level
vertical aerial photograph# with an average scale of
1:2I400 were taken by Jack Richards of Cody, Wyoming
during the summer of 1963 for use in more detalled
mapping. A 1960 Federal Bureau of Public Roads survey
of Ue.S. Highway 12 was used as & planimetric horizontal
and vertical control in the Quad Creek area. Plane table
techniques were used to extend control points to the
Wyoming and Line Creeks areaé. The final base map was
prepared using a Kelsh plotter and U.8. Geological Survey
vertical aerial photograrhs, scale 1l:47,400.

Eckelmann and Poldervaart (1957, pl.5) mapped the
area indicated in Figure 6, scale 1:6000. Casella (in
press) mapped the ILine Creek Area, scale 1:9000, from
the frontal thrust to the Line Creek plateau rim (Figure
6)s The former investigations dealt primarily with the
petrogenesis of the Archean rocks, while the latter
studies emphasized structural relations, The writer has
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Flgure 6. Map locating areas studied by the
writer (solid lines) and by Casella
- and Eckelmann and Poldervaart (broken
lines).
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mapped the intervening Wyoming Creek érea and emphasizes
detailed structurgl analysis., Mapping by Eckelmann and
Poldervaart (1957, Plate 5) and Casella (in press) on the
scales of l:6000_and 1:9000 suggests granitization has
produced discontinuous bodies of quartzites, para-amphi-
bolite and agmatite in migmatites and granitic gneisses.
However, it must be emphaslized that uneprsed areas Aare
included under ieucogranitic gneiss on the former workers!
nap, and contacts indicated by solid lines are both observed
and interpreted. By contrast, Harris (1959, Pl. 5) has
shown exposure limits, inferred contacts and observed |
contacts by different symbols. However, the map gives
the impression of being an interpreted outcrop map. The
writer has used solid lines for observed contacts only,
and dashed lines for 1lnferred and interpreted contacts
on Map l. Dotted line contacts indicate transitional
boundaries parts of whlich have been observed. Areas
which are entlirely covered are uncolored or no boundary
lines are shown between the colors., Thls method affords
the reader a better understanding of the critical ex-
posures and degree of interpretation.

Twelve structure stations (Maps 2a and 2b) were
gelected for geometrical analysis on the mesoscoplc scale.
Compositional foliation, S,, measurements are plotted on

Map 1 and have been utilized for statistical purposes also
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(Maps 2a and 3a)e All avallable small fold axes and axial
planes have been carefully measured within the structure
stations, and 75 hornblende elongatlons have been plotted
at each ébation. Lineations and pqleg to follations have
been plotted on lower hemlsphere equal area projections
and contoured using a Duschatko device (Duschatko, 1955).
About 20 oriented specimens showing refolding have been
sliced and studied using photographs, sketches and selec-
tive feldspar staining taéhnigugs.

Contoured and uncontoured linear and planar fabric
data are keyed to the appropriate mesoscoplc sub-domains
on Mapa 2a and 2b, respectively. Mﬁproscopiclfabric
subareas and_data are shown on Méps 3a'and 3b, Mesoscoplc
structure stations homogeneous with respect to a partl=-
cular fabric element have been combined to form macro-
scoplc subareas. Detalled analyseé of individual diagrams
are given in Appendices I, II, III; IV, V and VI.

Previous Investigations

Earlier investigations in the Beartooth Mountalns
wore made on smaller scale maps and emphasized economic
or general structural geology. -Lovering (1929) reported
two Iintrusive granites, the Goose Creek and the Cooke,
from the Cooke City Mining District, the latter being
the younger granite. Lammers (1939, unpublished MS.
theslis) described the Goose Creek granite as intruaive
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but regarded the Cooke granite as a product of 1lit par 1lit

injection, granitization and partial assimilation of hofn-
biende- and blotite-achist by the Goose Creek granlte,
Foliation was interpreted as platy flow atructure. Lenges
of biotlte-~-schist, biotite-gneiss, and amphibolite in
granitic gnelss were reported as stoped xenolithlc blocks.
For the Beartooth Range, he distingulshed between a core
of granitic gneiss nearly free of schist, gnelss and am-
phibolite lenses, and a mantle of metasediments and mig-
matites, James (1946) arrived at similar conclusions in
his detailed studies of the chrcmite depdsits of the
northeast Beartooth Mountains., The quartzites and mag-

" netite-rich rocks of this area were correlated tentatively
with'the Cherry Creek serles by Parsons and Bryden (1952,
Pe253). D

The spectacular eastern frontal thrust received
attentioﬁ in the investigations of Hughes (1933a), Wise
(1958; unpublished Ph.D. thesis, 1957, Princeton Univer=
sity), Foose et al. (1961), and Casella (in press).

Wise (1958, p.28) reports the intersection of two verti-
cal faults at Clark's Fork Canyon. The K-NE trending
faults show a change in dip from vertlical at Clark's

‘Fork Canyon to 50 degrees W at Little Rock Creek and
nearly horilzontal at Bennett Creek. The horizontal dis-
placement 1is abdut one mile at this point but 1is unknown
at the northeast corner of the range, whers the fault
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becomes an overthrust. _Toar faults are well developed in
this area and show the following displaccnénts (Foose et
al., 1961, p.1159);
. Mount Maurice. . . o o+ s « 10,000 feot
Willow Cre6k « o« o« ¢« ¢ o o o 3,000 feot
Harney Creek o o o o o o o o 14,000 feet

Casella (in press) suggests that the Precambrlan surface
has been displaced about 20,000 feet at Line Creek. This
displacement apparently decreases to less than 10,000 feet
at the southeast corner of the range.

Control of later structures by Precambrian trends has
been suggested by Bucher et al. (1933, p.689), Cloos and
Cloos (1933), Lammers (1939). Chamberlin (1945), Osterwald
(1959, polil), Foose et al. (1961, p.1167) and Wise (1958,
Pe26). Spencer (1959, pp.497-499, 1958) illustrates
parallellism of two Precambrian mafic dike swarms, the
major joints in the Archean crystalline rocks and the
Laramide faults that border the range.

Investigations conducted as integral parts of the
Beartooth Research Project (Figure 3) indlcate a complex
history for the Beartooth Moﬁntains.' The work of Eckelmann
and Poldervaart (1957) and Casella (in press) are basic
in the writerts study; since portions of the Quad-~Wyoming-
Iine Creeks afoa wore first investigated by them on a
smaller scale (Figure 6). This study emphasizes detalled
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structural analysis of the area as a continuation of
investigatlions ln key areas.

The Quad Creek area was the firat oriticaliarea
investigated by the Poldervaart group; and the followlng
geologic history 1s given by Eckelmann and Poldervaart
(1957, P.1225):

(1) Originsal deposition of an Archean
sedimentary sequence. (2) Emplacement
of metagabbro end ultramdrfic intrusions,
followed by folding; fold axes strike
north-northeast. n%3) Regional metamor=
phism and granitization, resulting in a
core of granitic gneiss and mantle of
migmatites and metasediments with boun-
daries trending northwest. The last
expression of granitigzation was the pro-
duction of pegmatites; a few metanorite
intrusions were emplaced bsfore pegmatite
formation (l4) Emplacement of a meta-
basaltic dike swarm, younger than the
pegmatites but probably within the same
plutonic cycle, and striking mainly
northwest. (Ss Emplacement of a younger
Precanbrian dolerite dike swarm which
has the same dominant strike as the
older dike swarm. (6) Peneplanation
and deposition of Paleozolc sediments.
(7) Laramide uplift and thrusting, and
emplacement of felsic porphyries early
in this oycle. Laramide structures are
controlled by basement structures. The
dominant northwest trend was established
in the Archean cycle of reglonal meta-
morphism and granitization, yet the
direction of the oldest foldings is
unique.”

They further conclude that the granitic and tonalitic
gnelsses and migmatites were formed in situ by migrating
alkaline ajueous solutions after open folding about north-
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northeast trending axes and metamorphism to the silli-

. manite-almandine subfacles of the amphibolite facles

(1957, p.1249-1250, 1254). The NW trending boundary of
granitization intersects the fold axes at about }j0°=50°
without deflection of the latter structure (1957, §.22h9-
1250), Parallel interbedding of quartzites, amphibolites,
end iron-silicate rocks with migmetites and granitie
gneisses was interpreted by them as original sedimentary
layeringe. Studlies of growth phenomena of zlrcons of
granitic gnelsses, migmatites and quartzites also lndicate
autochthonous formation of the gneisses (1957, pel2lj2-
124&). Di scontinuous bodies of metagsediments in gneissei
and ﬁigm#titos were interpreted by Eckelmann and‘Polderf
vaart (1957, pe.l2ld;) as remnants of progressive felds-
pathizatlion and granitization,

Fabric analysis by Casella (in press) in the Line
Creek area is interpreted by him as indicative of one
episode of passive slip folding synchronous with granitl-
zation. Although he analyzed compositional banding (S)
and various lineations (B), axial planes of small folds
were not treated, Figure 7 summarizes his penetrative
fabrlc data. Sub-areas 1, 2 and 3 have been constructed
from 19 structure stations., Subarea 1 is located in the
northern portion of the area nesr the frontal thrust, and
subarea 2 includes the western portion as well as a small

portion of Structure Station 12 in this report (Mep 2a).
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The fabric in these subareas is monoclinic with coincldent
B~ anq/fdmaxima. Subaresa 3 has a triclinie S-~fabric and
covers the southern portion of the area. He draws an '
analogy with Prandtl®s elongated compression cell (Kanizay,
1962, p.l2) and concludes that homogeneity of the fabric
varies with position in the cell, Subarea 2 was selected
as ‘the cell!s center due to its pronounced homogenelity,
and the inhémogeneous fabric in Subare# 3 is explained

by a possible third dimensional component of flow. Rota=
tion of the data is considered to be a reflection of posi=-
tion of the subareas in the NE trending cell. Small fold
sets have not been distinguished, and horizontal lineations
are reported in the nose of the SW plunging, upright Line
Creek synform,

Additional investigations conducted by the Columbia
University group have illuminated the petrogenesis and
general geology of the range: Leveson (1963) on orbicular
rocks, Skinner (196l, unpublished Ph.D. thesis) on the
contact metamorphic zone of the Stillwater complex, and
Prinz (196l,, unpublished Ph.D. thesis) on the mafic dikes.
Poldervaart (in preparation) is astudying ultramafic rocks
in the Highline Lakes area, mad Bentley (196)4., unpublished
Ph.D. thesis) 1s investigating similar rocks in the Question
Mark Lake area. Butler {196l,, unpublished Ph.D. thesis)
is completing a study of the Cathedral Peaks area near the
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Stillwater complex. The studies of Harris (1959) in the
Gardner Lake area and of Larsen, Poldervaart and Kirche
mayer (in preparation) are of particular interest, alnce

these are key areas,

T

{
!
!
|
g

Figure 7. Summary of febric data from the ILine Creek
synform area (from Casella, in press).
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GENERAL GEOLOGY OF THE QUAD-WYOMING-LINE CREEKS AREA

General Statement:

| Excollenf‘oiposures occur in the steep canyon walls
of Quad and Line Creeks, but outcrops are generally limited
- to quartzites (Figure 8) and mafic dikes on the felsemmeer
plateaun surface. The W&oming Creek area 1s only mdderaxely
dissected, hence oﬁtcrops are limitﬁd here, Maximum relief
in the map area is approximately_lhoo feet,

Migmatites are the most abundant rocks in the area,
while quartzites, para-amphibolites aﬁd granitic,gneiasés
occur in significaent and about equal amounts. Ultramaflc
rocks, ortho-amphibolites, acid pegmatites, ironstones
and micaceous schists are subordinate. Precambrian meta=
dolerite and relatively ummetamorphosed quartz-dolerlte
dikes intrude these rocks. Laramide porphyries occur as
dikes, sills and small plugs (Map 1l).

The Quad Creek synform and the Wyoming Creek antiform
are prominent folds with contrasting geometriecal proper-
ties. Small folds are divisible 1nt9 two styles and ages,
F, and Fpoe Refolding of F by Fa,has been obaerved
throughout the area but is most prevalent in ductile
rocks, such as migmatites, granitic gneisses, micaceous
schists and 1mpﬁre quartzites. Location of the Quad
Creek metanorite in the axial zone of the major synform

(Map 1) is belleved by the writer to be structurally
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Figure 8.

Quartzites in Line Creek canyon and on Line Creek plateau.
Wyoming Creek in top portion and Line Creek canyon in bottom

portion of photograph.
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significant, Age relations of deformation, granitization
and emplacement of this body are vital to the geologicgl
higtory of this area and are discussed in the following
section. Faulting 1s of minor importance.

Map Units

General Statement:

Map units are defined according to lithologlic vari-
ations which are easily recognizeble in the field. Many
‘rocks are transitional and are lndicated by dotted line
contacts on Map l. Detailed petrographic studles have
been made by Eckelmann and Polderveaart (1957, pp.l233=-
1256) in the Quad Creek area, and the following discus-
sion is intended only to provide an adequate understending

of the rock types to facllitate discussion of the struc-
tural geology.

Granitic Gnelsses:

Granitic gnbisaes are characterized by homogeneous
distribution of blotite forming a faint or megascoplically
indistinot foliation. They are widely distributed in the
Quad=Wyoming~Line Creekb area. Large portions of the
Quad Creek aresa are underlain by granitic gneilsses, but
they are more sparsely distributed in the Wyoming and Line
Creek areas. Color variations are from pink to gray or

white, reflecting variable microcline: plagioclase ratios,
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Pink granitic gneisses contain microcline as a major con-
stituent, while gray tonalitic varieties have microocline
as an accessory mineral, or it is absent. Moderately
sodic plagioclase and quartz are major mineral constitu-
ents also. Blotite rarely exceeds 10 per cent by volume.
Common accessory minerals are green epldote, chlorite,
zlrcon, apatite, muscovite and opaque minerals. Plnk
granitic gnelsses are more abundant thanhgray tonalitic
gneisses, the latter variety commonly being associated
with biotite schists and para-amphibolites.

Pink Granitic Gnelss: Major constituents of pink granitic

gneisé are quartg, ﬁicrocline and oligoclase with accessory
amodnts of biotite, chlorite, muscovite, apatite, zirocon,
green epidote and ilmeno-magnetite. Oligoclase is commonly
twinned by the albite, Calsbad and~per1c11ne laws, but
untwinned crystals have been observed. Twin lamellae

are frequently bent, eloudy and contain irregular patches
of microcline, Evidence of intense cataclasls is rare in
these rocks. Rounded grains of quartz are ubiquitous in
microcline and andesine., Simultaneous extinction of two

or three quartz gralns within a single foldspar.crystal
suggests replacement of quartz by both feldspars. Myrme-~
kitlc textures are developed at plagioclase-microcline
contacts. Microcline is usually perthitlie or shows well=
developed gridiron twinning. Eckelmann and Poldervaart
(1957, pel233) cite the following relations as evidence of
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microcline being later than plagioclase = ™he more microe
cline, the more conspicuous are: (l)-turbiéity of blagio-
clase, (2) alteration of blotite to chlorite, (3) myrme=
kite, and (lf) albite rims around plagioclase." Rounded or
irregular inclusions of plagloclase in microcline is common

also.

Gray Granitlc Gneiss: Primary constituents of gray granitic

gneila.aré quaftz and oligoclase, Microcline is a minor
constituent as are biétite, epidote, ilmenc-magnetite,
sericite, allanite, apatite, chlorite and zircon. Plagio-'
clase crystals are more complexly twinned than in pink
granitic gneiss and are often altered to sericite and
epidote. Myrmekite is less abundant than in pink granitic
gneiss, Gray granitic gneiss is intimately assoclated .
"with para-amphibolite and biotite schists. Pink granitic
gneiss is rarely found in direct contact with these mafic
rocks. Microcline becomes progressively less abundant

and biotite more abundant upon approaching para-smphibolite
and blotite schist contacts.

Migmatites:

’MighAtites possess distinct compositlonal banding as
used here. Bands of biotite and occasicnelly hornblende
alternate with quartzo-feldspathic layers and are sub-
parallel or parallel to foliation in interlayered meta=

sediments. Skialiths (Goodspeed, 1948, p.516) of para=-
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amphibolite and biotite schist are common. When the rock
appears to contain more than 50 per cent skilaliths by volume
the term agmatite is used here rather than migmatite. The
microcline: plagioclase ratio variation produces colors.
transitionsl from pink to grﬁy or white. Gray tonalitic
varieties contaln biotite, quartz and plagioclase as major
constituents. Mlcrocline is present as an accessory mineral
or 1s entirely absent, Pink varieties contain microcline
as well as quartz, plagloclase, and blotite, as major come-
ponents. Plagloclase in these types 1s somewhat less calele
than in the gray migmatites, where 1t is oligoclase. Plagl-
oclase is complexly twinned, altered and often forms small
porphyroblasts aiound which biotite wraps. Actinolite,
sericite and epldote may be prominent components, and mus-
covite is rare (Eckelmann and Poldervaart, 1957, Pe1237)e
Numerous small flow folds occur in migmgtitea. Axlal
plane orientations suggest that within these highly ductlile
units axial plane foliation has transposed the original
sedimentary layering, S,.

Para~-emphibolite:

The writer has attempted to distinguish between ortho-
and para-amphibolites. Para~amphibolite 1s generally mela-
nocraﬁic, delicately banded, and interlayered with other
metasediments. Ortho-amphibolite shows a more homogeneous

texture., Thils criterion may be insufficient in some cases,
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Para-suphibolite is decldedly more abundant than ortho-
amphibolite and forms thicker, more conslstent layers
(Map 1) Chemical composition is variable, especially
with réapoct to hornblende (Eckelmann and Poldervaart,
1957, ppe1234~1235, Table 1), Banding in the para-smphi-
bolite is usually parallel 6r‘subparallol to the follation
in adjacent metasediments and migmatites. Ultramafie
bodies, ironstones and ortho-amphibolites are commonly
assoclated with para-amphibolite layers (M@p 1)e

mﬁjor constituents are twinned or untwlnned ollgoclase
and green hornblende which may be accompanied by pyroxene.
Quartz is commonly & major constituent. Accessory minerals
are epidote, microcline, chlorite, spatite, sphene, sori-
cite, allanite, garnet, calcite and ilmenc-magnetite,

Agmatite:

' The term agmatite (Sederholm, 1926, p.136) is used
~ here for migmatites contalning blocks and lenses of
amphibolite and blotite schiats in excess of 50 per cent
by volume, Anast@moaing quartzo-feldspathic veinlets
(Figure 9) become more numerous and thicker near miga-
tite and granitic gneiss contacts, finally lsolating
blocks of emphibolite (Fig. 10) forming egmetite. Sila-
liths of para-amphibolite become less denqely concentrated
in the granitic gneiss or migmatite further from the para-
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Figure 9. Anastdmosing quartzo=feldspathic
veinlets in para-amphibolite,

i

Figﬁ}e 10, Agmatite in Wyoming Creelk,
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amphibolite contact. Agmatite is partlcularly well-devel-
oped in the Wyoming Creek antiform nose. Foliation in
amphibolite blocks is frequently slightly oblique to that
of the surrounding rocks (Figure 1ll). Thia‘may be due to
rotation of relatively non-ductile,'brittle amphibolite
blocks and lenses., Fractured blocks are frequently tran-
sected by quartzefeldspathic veins which may have been
derived locally through metasomatic processes or intruded
into open fissures by plastic flow of the more ductlle
aclid material. In some instances, the para-smphibolite
block becomes progressively poorer in plagloclase and
correspondingly richer in hornblende from the core of

the block to the peripheral portion adjacent to the sur-
rounding gneiss or migmatite. These relations Suggost
that at least some of the quartzo-feldspathic material
has been derived metasomatlcally from the enclosed blocks.
Intermediate rock types show varioud degrees of develop-
ment at granitic gnelss-para-amphibolite contacts in the
Lonesome Mountain area, ylelding the series - biotilte
amphibolite, blotite-hornblende-eplidote~schist, and bio-
tite-epidote-chlorite-achist (Larsen, Poldervaart and
Kifohmayer, in preparation). Hornblende-biotite gneiss
i1s wldespread in the Wyoming Creek area and may be repre-

sentative of a similar series in this area.
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Figure 1ll. Oblique foliatlion in rotated para~amphibolite _
block in grey granitic gnelss from Wyoming Creek.

g g —

i
1

Figure 12, Feldspathized quartzite on the left in con-
tact with pure quartzite on the right,
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Ironstones: ‘

N Béndéd ironstones are closely assoclated with para-
smphibolites and consist of light bands of quartz or
quartz plus magnetite and dark bands of highly variable:
composition, usuallj of magnetite, pink garnet and green
hornblende (Eckeimann and Poldervaart, 1957, p.1238). The
bodies are generally lenticular and grade into para-amphl-
bolite.

Quartzites:

| Qnaitzités form layers which are continuous in the
Quad Creek area and aréund the Wyoming Creek antifoﬁm
(Map 1) They are frequently interlayered with mica
schists, and a maximum width of approximately 1000 feet
is measurable in Iine Creek canyon. Skialiths are found
occasionally in migmatites and granitic gneissoa. Quart-
zltes outcrop continuously from Line Creek to Wyoming
Creek (Figure 8) and form very low ridges on the Quad
Creek plateau. Individual beds range from a few inches
to about 10 feet in thickness.

Although usually light gray or» tan in color, green
quartzites colored by copper-rich mica are especlally
“common in Line Creek canyon. Porphyroblasts of micro-
cline and plagloclase have developed (Figure 12) along
planes which are parallel or subparallel to the contacts

with granitic gnelsses, migmatites and other metasedimsnts.
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By progressive feldépéthization, rare skialiths of quart-
zites in the Quad Creek area appear to grade into granitic
gneiss, The quartzites are usually completely recrystal-
lized to coarse-grained rocks resembling'vein or pegmatite
quartz. However, zircon concentratej show that a“majority
of the grains are rounded with or wlthout later euhedral
overgrowths. Quartzites are also intimately interbedded
with other metasediments, such as,ironstpnss, biotite
schists; and para-amphibolite; hence, the quartzites in
the Quad-Wyoming-ILine Creeks area appear to be metamore 4
phoséd sandstone, Although Eckelmann and Poldervaart
(1957, pe.1253) report some cross-bedding, this has not
been observed by the writer, Color banding parallel to
the major compositional foliation (so) has been recoge
nized on Line Creek plateau. Small flow folds are more
abundant in feldspathized or blotitlic quartzites. Quartz=-
quartz graln boundaries are generally highly serrate.
Boehm lamellae and slightly bia;ial quartz grdins are
coomon in thin seotions. Sillimanite, zircon, garnet,

rutile and opaque minerals are common accessories,

Biotlte 8chists and Gnelss:

Blotite schist and gﬁeiss congtitute small, thin
layers assoclated with quartzites and para-amphibollte,.
Eckelmann and Poldervaart (1957, p.1239) report quartz,
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plagioclase, greenish brown biotité, with or without
epldote, and bluiahpgréen hornhlende.as major constituents
where tﬁase rocks are associated with pgrawamphiboiite.
Minor minerals are magnetite and ilmenite, sphene, epidote,
clinozoisite; zircon,.chlorite, serlcite, tpgtite, calcite
and allanite, Blotite schists assocliated with quartzites
eontain primary amounts of quartz, plagloclase and brown
blotite and accessory almandine; garnet, magnetite and
ilmenite and microcline, Some of the schists contain

significant cordierite and sillimanite and occasionally
bronzite and anthophyllite,

Meta-Igneous Rocks

Ultramafic Bodies:

Small, diséontinuous ultramafic bodies have been
mapped by the writer (Map 1). Mineralogical composi-
tiéns are qulte vdriable, and the form 1s usually that
of ellipsolidal lenses from about one to several feet in
length or small dikes. The foliation of the surrounding
rocks bends around the discontinuous lenses, and banding
in the ultramafics is commonly oblique to that of the host
rocks, These basic bodles are associated with banded para=-
amphibolite units and contain different combinations of the
following minerals: olivino,. pleochroic bronzit;, pale-green
actinolite, colorless or pale-yollow serpentine, talec,

phlogopite, chlorite, spinel and magnetite (Eckelmann and
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Poldervaart, 1957, p.124j0). Casella (in press) reports
two ultramafic schists interbedded with para-amphibolites;
anthophyllite-orthopyroiene-phlogopite schist and cuming=-
tohite-acﬁ1nolito-oordierito-phlogopite séhist. Detalled
studies of the ultramafic rockslhavé‘been made by‘Schafer
(1957), James (1946), Poldervaart (1958) and Poldervaart
and Bentley (1958). |

Quad Creek Metanorite:

Majof minérai éonstltuents of the metanorite are

. plagloclase (An 50=-50), bronzite and hormblende, Acces-
- sory constituents are‘quartz, biotite, augite, magnetite

and ilmenite, sulfides and apatite, Eckelmann and
Poldervaart (1957, p.1240) state that p}agioclase poikili-
tically encloses pleochroic bronzite prisms, and that the

"amount of plagioelabe increases towards the margin of the

body. Interstital sulfides occur in lower exposed portiohs
of the intrusive. Metanorite pegnatite velins are tran-
sected by dlscontinuous granite pegmatites. Coarse plaglo-
clase with minor blotite forms small, irregular zones in
the upper regiohs of the body which are essentially ane
orthosite. A .fine-grained border about 5«12 feet thick

has been mapped (Map 1). It is absent on the north side
where shearing is evidént,and‘biotite gnelss and grey
granitic gnelas are immediately adjacent to the meta-
norite. Major constituents of the fine-grained border




rock are eltered plagioclase and actinolite. Banding

is occasionally detectable and is nearly vertical in

all cases. Light bands are composed primarlly of plaglo=-
clase, whereas the dark layers are dominantly bronzite.
The sidea of the lntrusive may be vertical as shown by
Eckelmann and Poldervaart (1957, Plate 5) or dipping
ateeply towards the center of the body. -

' Granitlc Pegmatite Dikes:

Granitic pegmaﬁitos are composed primarily of
quartz and microcline and are rarely more than three
feet wide, Accessory minerals are blotite, muscovite,
and albite; minerals such as tourmaline, beryl and topaz
are absent. The bodies are usually lenticular or irregu-
lar patches. Most of the dikes are §rosscutting and have
walls coated with biotite, epidote and chlorite."G?ada-
tional contacts with host rocks have been observed in
Wyoning Creek.

Mafic Dlkes:

Three Precambrian dike swarms have been identified
which consist of Archean ortho-amphibolite, Archean meta-
dolerite, and late Precambrian dolerite. The petrology
of the dikes has been studied in detail by Prinz (196,
unpublished Ph.D. thesis, Columbia University).
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Igneous Rocks

Laramide Pogggggx

Dikoa, pluga ‘and sheets of felsic porphyry are
widely distributed throughout the area., Contacts follow
irregular joints or smooth curved planes. The pheno=-
crysts are orthoclase, sodic plagloclase, blotite, quartz
and hornblende of variable size and number, enclosed in
a dense tan or greenish groundmass. The dike asituated
in the fault zone at the head of Line Creek canyon (Map 1)
has numerous xenoliths of migmatite, dolerite and quarte
zlte, It is also highly brecclated in 8 narrow zone

which parallels the trend of the fault zZOoNe,

sStructural Features

Largo Folda'

Large ‘scale (1:2400) mapping (Map 1) and statistical
structural analysis by the writer has demanstrated two
largelfolda in the Quad-Wyoming-=Line Creeks area; the
Quad Creek synform and the Wyoming Creek antiform. A
synform is defined by Ramsay (1958, p.274) as a fold which

- closes downward and for which there is noAtop or bottom
criteria; an antiform closes upward. Both ma jor structures
are outlined by the outcrop pattern and foliation (8,)
trends in quartzites, para-amphibolite, granitiec gnoisses
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and migmatites (Map 1). Eckelmann and Poldervaart (1957,
pe1230) state that ‘1n the Quad Creek area the structure
is continuous across the gradational boundary zone between
mlgmatites and metasediments to the northeast and granitic
gneiss to the southwest." This boundary is not defined
within the limits of the writerts area (Map 1) Transec-
tion of this boundary by the synform without deflection
implies that the folding is pre- or syn-granitization in
age. A general paucity of cataclasis in the granitic
gneisses and migmatites supports this conclusion. Figure
22 containg slip surfaces, but the feldspars along these
zones are not sheared, |
Contrasting geometrical relatlions are evident from
inspection of Map 1 and statistical structural analysis
(Maps 2a, 2b, 3a& and 3b),. The Wyoming Creek antiform 1s
open and approximately 3 miles in breadth. Parasitic
folds (Fp) have plunges from [j0°=55° to S20°=/i0°W and are
slightly asymmetrical to the acﬁthoﬁst. Thbrorére, in
contradiction of Eckelmann and Poldervaart's (1957,
Pe1230) statement that 10°=30° S-SW "is the overall plunge
of the folds in the Quad Creek area and in adjacent areas,"
the Wyoming Creek antiform is slightly non-cylindrical
(Turner and Weiss, 1963, p.108), Variation in the plunge
of the adjacent Line Creek synform from 30° to L0° supports
the writer's conclusion (Casella, in preas). The Wyoming
Creek fold.was not known to exist by Eckelmann and Polder=
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vaart (1957, pe1230) and Caselle (in press). In contrast,
the Quad Creek synform trends N1O°E and plunges about 10°=
15° S=~SW and is more sppressed than the adjacent antiform.
The limbs dip at steep angleé, generally between 60° and
75°, and the breadth is about 2 miles. The macroscopic
subfabric symetry with respect to linear and planar
atructural features l1ls triclinic, while it is monoclinic
for the Wyoming Creek antiform. The axial plane of the
Quad Creek synform appears to be nearly vertlcal.

Geologlc mapping and statistical structural analysis
in the nose of the Quad Creek synform (Map 1) has defined
an east-west trending synform which is folded by the major
north-gouth trending fold. Therefore, the east-west
trending synform is earlier than the Quad Creek synform
and 1s designated Fije In referring to the north dipping
foliations on the south limb of this ¥y fold, Eckelmann
and Poldervaart (1957, p.1230) state "locally the plunge
steepens, as 1t does just north of the Qued Creek meta=-
norite."

Smell parasitic F fold axes (Bj) and hormblende
lineations (Ll) rotate around the majbr nose and converge
on the axlal zone (Map 2b). The Fq synform has an esti-
meted wave length of LOO feet and a nearly vertical warped
axial plane., The eastern Fl nose 1is outlined by quartzites
and para-amphibolite, showing the 1soclinal form of this
folde The anticlpated western Iy nose at the quartzite
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termination has not been located by the writer. Complex,
tight folding of the quartzite nearly adjacdnt to the meta-
norite suggest that the south Fy 1imb may not continue to
the weatern nose. However, the sequence of rock types in
the road cuts of upper and lower Quad Creek are nearly
identical (Map 1l). The writer concludes that the western
nose exists but ias covered. Granitigation of the generally
resistant quartzite has been considered as an explanation
of this western termination, but there is little to recom-
mend it. Most significantly, no quartzite or para-amphi-
bolite skialiths have been found in the surrounding granitic
gneiss., Sudden disappearance of resistant rock types withe
out remnants in the granitic gneilss is not plausible to the
writer. Although the quartzite-granitic gneiss contact
bears evidence of Laramide shearing (Figure 13), sharp,
undisturﬁed contacts in the same area render shearing as
a local feature. Pre-granitigzation shearing has been
noted just south of this area and may explain the disa-
ppearance of the quartzites in the western outerop. An
original sedimentary discontinuity is also a plzusible
hypotheslis for the quartzite termination here. However,
there 1s no evidence in the immediate area for these last
two hypotheses.

The Quad Creek metanorite is locatod'in the nose of
the Quad Creek synform and is elongated parallel to the
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axial trend. As previously mentioned, shearing is evident
around the northern periphery but not around the southern
border (Map l)e. Grdy granitic gneiss and blotite gnelss
occur in the northern area adjacent to the metanorite, and
the compositional follation (8,) 1s éomplexly swirled. The
age date derived from biotite in the metanorite is 2700
m.ye. 2150 (Poldervaart, personal communication), which
agrees with the date of granitization derived from granitic
gneiss biotite (Gast et al., 1958, pe331)s The age date
from the metanorite biotite may Be the date of recrystal-
1lization and granitization and therefore, be only a mini-
mum date for the blotite. F, and F, fold axes rotate’
around the Qpad‘Creek synform nose (Map 2b) and converge
on the axial zone, while they strike parallel to the

axls of Wyoming creqk antiform in the nose, The meta=-
norite body has ipparontly influenced the orientation

of these small fold axes in the major synform nose. Post=
F, and F2 emplacement might be anticipated to have deflec-
ted these lineatlons. However, these relations do not
preclude intrusion synchronous with the early stages of
Fl folding. Granite pogmatites in tha'metanorite appear
to have formed under the influence of the synformal shape
and its attitude (Figure 17). Therefore, the metanorite

, lrotation of lineations is used here to denote a pro-
gressive change of strike around later fold noses. Linea=
tions on opposing sides of a later axial sone convogﬁe
where thelr plunges steepen inward or downward towards this
axial zone. They divorﬁo when their plunges steepen away

from the axial zone, The plunges are opposite in direction
on opposing sides of the later axial trace.
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body does not appear to be younger than the present form
and attitude of the Quad Creek synform., The writer be-
lieves that the metanorite was emplaced prior to Py folding
and has acted as a structural buttress during deformation.
Shearing on the north side of the body may be due to a
shouldering effect upon intrusion of a partially crystal=-
lized body.

Structural relations have influenced the distribution
and continulty of quartzites, para-amphibolite and agmatite.
Although tightly folded in the nose, quartzites are con-
tinuous throughout the Wyoming Creek antiform (Map 1),
Para-amphibolite 1s also continuous throughout the anti-
form, but intense disjointing and formatlion of anastdmosing
quartzo-feldspathic veins in the para-amphibolite has pro-
duced agmatite in the nose., The quartzite and para-amphl-
bolite layers thicken slightly in the nose, suggesting
flowage into this zone. In general, both rock types are
less continﬁous in the Quad Creek synform nose (Map 1).
However, agmatite is not abundantly developed there, and
Fy; folds are represented on the mesoscopic and macroscoplc
scales, while no large F; folds have been identified elae=
where. The writer believes that refolding of these Fl
folds by the later (Fa) in the Quad Creek synform ex-
plains the lower outcrop continulty of para-amphibolite
and quartzites here relative to the remainder of the

area.
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The association of lensocidal, banded ironstones with
para-amphibolite is demonstrated in the Quad Creek area
(Map l). Although the bodles are discontinuous, they
occur around the Quad Creek synform nose in association
with the para-amphibolite and quartzites. They alsc are
found with these rock types in the west flank of the major
synform (Map 1). Similarities between the sequence in
the nose and the west flank suggest that the folds in the
latter locality are Fl folds. Thlis may be the Fi antiform
ad jacent to the Fi synform 1n the Quad Creek synform nose.

Ortho-amphibolite and chromite-bearing ultramafic
rocks occur as small lensoldal bodies throughout the ares
in association with pars-amphibolite, but relatively large
bodles occur in the Quad Creek area and in Line Creek
canyon (Map l). The outcrop pattern in Line Creek canyon
demonstrates folding of the ultramafic bodies by S=SW
plunging F, folds. The bodies here and in the Quad Creek
chromite mine appear to be discontinuous along strike due
to plastic flowage of the ultramafic rocks, Individual
ultramafic pods are rotated, possess highly variable
magnetic directions, and folding in intervening para-
emphibolite rocks ia highly complex, Parasitic F1 folds
in the Quad Creek area fold the ultramafic units (Map 1l).
Therefore, the writer concludes that these rocks were
emplaced as s8ills prior to F, folding. The largest ortho-

1
amphibolite body occurs in association with para-amphibo-
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lite and ironstone in the larger F) fold (Map 1). It is
only about 3=l feet thick and appears to be a discontinuous
sill, '

Micaceous schists are associated with quartzites and
para-emphibolite as thin layers in which Fl passive flow
folds are abundant (Map l). Although they are most promi=
nent in the excellently exposed qnartzifes of Line Creek
and Quad Creek, thin layers have been found throughout
the map area.

Granitic pegmatites are wldespread as irregular or
lensoidal bodles which transect the Archean rocks except
mefgdolerite, "Proterozolc" quartz-dolerite dikes, and
Laramide porph&ries. Bodies nearly concordant with the
ma jor compositional banding, Sos &ppear to be more abun=
dant than discordant pegmatites., Conocordant pegmatites
occaslonally have gradational contacts with granitiec
gneisses, migmatites and quartzites (Wyoming Creek, Map
). Aithough some of the bodies appear to be folded,
such as in the Wyoming Creek area, this may be due to
selective replacement of a folded bed. Aclid pegmatites
are especially abundant in the agmatized Wyoming Creek
antiform nose (Map 1), suggesting & possible genetic
and temporal relationshiﬁ betwean formation of the ma jor

fold, agmatlization and pegmatization.
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Faults:

No major faults have been observed in the Quad-Wyoming=
Line Creeks area, Northwest trending faults with sméll,
apparent horizontal displacements have been mapped in the
west flank of the Wyoming Creek antiform and at the southe
wost head of Line Creek canyon. The latter area has been
mapped careruily by the writer (Map 1), and the relations
are; (1) The southweat quartzite~mica schist block has
apparently been displaced horlzontally about 200 feet to
the northwest. (2) A Preéambrian mafic intrusion lies
approximately in the major compositional plane (S ) and ;
shows little or no offset. (3) Laramlide porphyry intrudes
the migmatites, quartzites and mafic dike and contains
xenoliths of these rocks. (li) The porphyry 1s sheared,
but no offset was discerned. Small porphyry bodies lo-
cated in the southeast portlion of the fault zone &re not
intensely sheared. Casella (in press)'huggests that the
age of faulting is Upper Cretaceous, since the Lower
Cretaceous porphyry 1s involved. Alternately, 1t is
possible that the faulting took place prior to intrusion
of the mafic dike or sill; hence; the dike shows no offe
set. Reactivation of faulting during Upper Cretaceous
time with little or no dlasplacement would produce shearing
in the porphyry.

Sheared and mylonitized zones have been noted in the
Quad Creek and Line Creek areas., The plane of slippage
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and shear i1s parallel to compositlional banding, S,.
Eckelmann and Poldervaart (1957, pp.l1230-1231) suggest
that Laramide thrusting to the northeast has heen trans-
lated partly in the major folds into compression at right
'angles to the Quad Creek synform axis,

Dike Trends:

Tha‘writer has not studied dilke trends in the Quad-
Wyoming-Line Creeks area. Figures 1l and 15 sumarize
the data of Eckelmann and Poldervaart (1957, pel23l).
Low dlpping mafic dikes are not common in the southern
Beartooth uplift, but Laramlde porphyry dikes usually
have 1ow}dips. In the Quad Creek area, the large porphyry
dikes trend N39°-h0°w and dip 25°=359E. They appear to be
controiled by Léramide trends, Tho Spread of poles to
small porphyry dikes is large in Figure 1l, but the maxima
attitudes are N15°W, 36°E and N35°E, L48°NW. Eckelmann and
Poldervaart (1957, p.1230) point out that the acute angle
between these two planes is bisected by the Quad Creek
synform axis, N1l0°E, They reporﬁ (pe1231) that of 22
dikes on the east limb 13 dip east, 9 dip west. Hence,
orientation of the smaller porphyry dikes appears to be
strongly influenced by the synformal structure., These
dikes show a northeast trend and dip at low angles northw
west in the Line Creek area (Figure 16) (Casella, in

press). The data are sparse, but they may be controlled
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Figure 13. Shedred Quartzite-grahitic gneiss contact
in the Quad Creek aresa.
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Figure 1l. Plotted poles to 89 Laramide felsic porphyry
dikes In the Quad Creek area (after Eckelmann
and Poldervaart, 1957, p. 1231, figure 3).,
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r 1 ..Plotted poies to 89 Precambrian mafic dikes in
igure 15 the Qued Creek area (after Eckelmann and
Poldervaart, 1957, p. 1231, figure 5).
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Figure 16. Plotted poles to L5 Precambrian mafic dikes

from the Line Creek area (after Casella, in
press).
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Figure 17. Attitude of Precambrian pegmatite dikes in
Quad Creek metanorite and in granitic gneisses
and metasediments (after Eckelmann and

Poldervaart, 1957, pe. 1232, figure 6A),
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Figure 18, Stained F, passive flow fold with large wave
length to amplitude ratio. Alkall feldspar
appears white, Scale is in inches.
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by Laramide trends,

Pogmatite dikes (Figure 17) show similar controls
by the Quad Creek synform (Eckelmann and Poldervaart,
1957, pe1232). These workers state that the 13 Archean
ecid pegmatites in the metanorite body show random oriene
tation (p.l233). Although scatter is slightly greater
than for pegmatites in metasediments, migmatites and
granitlec gneisses, the writer does not feel that the
pegmatites in the metanorite are randomly oriented.

The dips and overall pattern is very simller to that

of the pegmatites outside the intruslon., This may be
corroborating evidence that the metanorite was intruded
prior to folding (F,).

Casella (in press) has shown that "Proterozoic"
dolerite dikes trend northwest and dip steeply (Figure
16). Ortho-amphibolite and Archean metadolerites have
dominant northegst trends and dip northwest at low to
moderate angles., Ummetamorphosed and metamorphosed 4ikes
are not differentiated in the Quad Creek area (Eckelmann
and Poldervaart, p.l232), so the northwest trending
vertiocal dikes may be predominantly late dolerite dikes,
The N50°W and Ni5°E trends correspond closely with promie
nent Beartooth fracture trends (Spencer, 1959, p.4ol4).

Small Folds

General Statement: Small folds occur abundantly in migmae
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tites, impure quartzites, granitic gnelsses, mica schists
and para=-amphibolite throughout the Quad-Wyoming-Line
Creeks area. Although transitional types are common, two
principal fold styles can be recognized: (1) Highly appres-
sed, isoclinal folds, referred to as F;. (2) Non=-isoclinal,
open folds which have rounded and thickened hinge Zones.
These folds frequently refold Fy folds and are designated
FZ’ "Hook" and "erescent" outcrop patterns oharacﬁeristic
of refolding (Carey, 1962, p.101) and contrasting fold
styles in Fq and F2 facllitate identification of these
folds. Fold axes and axial planes have been carefully
measured in t he fleld and laboratory and anhalyzed statis-
tically. Refolded samples have been studied to ascertain
geometrical and mineraloglical relations of earllier and

later small fold events,

Small Appressed Isoclinal Folds, FI: Small F, folds are
generally most abundant in rocks of high mean ductilities

(Donath and Parker, 196l, p.50), such as migmatites, granit-
ic gneisses, impure quartzites and micaceous schists, They
have #n amplitude to wave length ratio of 2:1 or greater
(Figure 18). In more ductile rocks, such as migmatites,
hinges are sharp and the axial plane thickness is nearly
constant, thus suggesting passive flow, i.e. the layering
has not controlled the fold geometry and has acted passively
(Donath and Parker, 196l;, p.56). Less ductile rock types,
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Flgure 19, Fq

fold in relative1§ non=duct

ile para~amphibolite,
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Figure 20. Feldspars concentrated in the nose of an F

fold in quartzite,
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such ags pure quartzites and para-amphibolite, tend to have
folds with variable axial plane thickness and rounded
hinges (Figure 13). Folding in these cases appears to be
partially flexural,. In general, small F1 folds are more
abundant in the Quad Creek synform than in the Wyomlng
Creek antifomm. Fl folds formed by passive flow generally
have wave lengths of 3-5 inches, F; folds are usually non-
plane and non-cylindrical on the mesoscopic scale (Turner
and Welss, 1963, p.108).

F, folds with 4~5 foot wave lengths are parasitically
related to the EsW trending Fl synform in the Quad Creek
area (Map l1). They have rounded crests and troughs and
are generally "similar" in style. Theée folds are folded
by open F2 small folds which are overturned to the N-NE,
Mapping and statistical structural analysls shows conver-
gence of these F; fold axes on the major Quad Creek axis
(Map 2b). Therefore, geometrical analysis in this area
has deomonstrated that these isooclinal appressed F, folds
are distinctly older than the Quad Creek synform. Addi-
tionally, they are warped by small Fo folds which rotate
around the major synform nose also. These geometrical
relations suggest that both F; and Fo folds are older
than the major synform. Evidence from the remalnder of
the area indicates that F, folds are rarasitically related
to the larger folds but Fy small folds are older than Fae
Therefore, the writer concludes that the rotation of Fp
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folds around the Quad Creek synform nose 1s due to a
buttressing effect of the metanorite body. Statistically,
"structural data presented in the next section support this
conclusione.

No axial plane follation has been observed in Fy
folds, suggesting that it has been destroyed by recrystale
lization if it ever existed. Although‘Reid (1963, p.294)
has described axial plane folding (Scotford, 1956, ppellS5=
1198) of earlier isoclinal, appressed folds which show
axial élane foliation in the Cherry Creek and Pony series
in the Tobacco Root Mountains, these rocks are not grani-
tized to the extent of the older Aprchean rocks in the Bear-
tooth Range. 3, in the map area may be axial plane folla-
tion formed by refolding of Fl by Fp folds, This point
wlll be discussed in detall in a later sectlion. Figure 20
shows both feldspars concentrated in the nose of an Fy
small fold from the Quad Creek synform area with no evie
dence for development of feldspar in the axial plane

direction.

Small Open Folds, Fr: These occur in migmatites, granitic

gnelsses and metésediments throughout the area., These folds
are plane and cylindrical on the mesoscopic scale (Turner
and Weiss, 1963, p.108). Thelr amplitude to wave length
ratio 1s approximately 1l:1, and the wave length range from
about li inches to 20 feet. Axes and axial planes of only
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Flgure 21. Fp flexural flow folds in quartzite from
Structure Station 12,
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Figure 22. Disharmonic folding in blotite gneiss.
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the smaller folds have been measured directly. Structural
position with respect to the major antiform and synform
(Fa)-and rock type appear to affect the style of F_ some-

2
what less than F, folds., However, F, folds in relatively

non-ductile rock:, such as pure quartzites and para-amphi-
bolite, appear to be more open (Figure 21:), and the folding
mechanism is primarily by flexural flow (Donath and Parker,
196}, p.53). The axial plane thickness increases progres=
sively towards the hinge arsa in these cases, F2 folds

in ductile rocks, such as migmatites, are occasionally
nearly isoclinal and suggest folding by a mechanism ap-
proaching passive flow folding. In general, F2 folds are
open, have rounded hinges and exhibit crestal thickening.
F2 folds in migmatite are particularly appressed in the
east 1limb of the Quad Creek synform (Map 1) and are open
in quartzites in the southeast flank of the Wyomlng Creek
antiforme, Axial plane foliation has been obs;rved by the
wrlter in several F, folds (Figures 23 and 26) and has
been reported by Casella (in press) in the Line Creek
area.

Fo folds are occasionally quite open and disharmonic
(Figure 22). A décollement appears to have formed between
the rigid mafic layer end the ductile quartzo-feldspathic
bande The mechanism of folding‘appears to have been a

combination of flowage in the more ductile leyers and slip
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Figure 23. A-refolding of Fy fold by Fo fold in felds-
pathized quartzite. B- axlal plane follation
(S,) developed by biotite and plagiloclase =~
enlargement of outlined portion in A. Both
feldspars are stained and alkall feldspar
appears whilte,
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Figure 2li. Sketch from Figure 23 showing refolding of
an Fy fold by Fp fold. S] and S2 are axial
planes. By 1s perpendicular to the page.
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Flgure 25, Refolded Fy folds in bandod migmatite from
8tructure "Station 2,
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along the less ductile beds.

Refolding:
Refolded folds have been observed in migmatites,

quartzites, granitic gneisses, para-amphibolite and
micageous schists throughout the area. They are soma~
what more prevalent in the Quad Creek area, where refold-
ing of P by F2 exists on the mesoscopic and macroscoplc
scalese 'No large refolded F; folds have been observed
in the Wyoming and Line Creek areas, although they may
have existed and been destroyed by shearing and graniti-
zation., Statistlcal structural analysis of Fl axes and
axial planes (Meps 2a, 2b, 3a and 3b) demonstrate refold=-
ing of F, by F, also, Figures 2& and 23A show refolding
of an appressed Fl fold and axial‘foliation developed by
blotite and plagloclase in an F, fold from Structure
Station 5 (Maps 2a and 2b). The Fy fold is defined by
bilotite and slightly feldspathized quartzite layers,
forming a hook at the Fl hinge zone. Intersection of

the F, axlial plane (Sa) and the ma jor compositional band-
ing (So) produces a lineation coincident with the Fy fold
axis (Bé). Grooving in the hinge zone of F, parallels B,
alsoe The Fy axial plane (Sl) is defined by the curvi=
planar 8, surface. Figure 25 illustrates refolding of F

1l
by Fo in slightly banded granitic gnelss from Station 2,
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No blotite or feldspar 1s developed along So.

Generally Fl and F, small folds are distinct according

to the followlng criteria: |

(1) F, and Fp have generally different fold styles
in a particular rock type and structural position
in the major folds (Fy).

(2) orientations of F, folds determined from samples
showing refolding afford distinctive geometrlcal
differences on the mesoscopic scalé.

(3) F, fold axial planes (Sa) are frequently homo=-
geneous on the mesoscopic'scale and aid differenti-

ation of Fi from F, foldse

2

All available small folds were sampled at each structure
station, noting fold styles, rock type and whether the
axlial surface was plane or non-plane, The writer has

found those.to be adequate bases for separation of the

two small fold sets at all stations except those located

in the flanks of the Quad Creek synform where intense
appression and recrystallization‘has rendered these criterila
nearly useless (Statioms.'l, 6, 7, 8 and 9), Figure 26 shows
the hook pattern which is characteristic of the migmatites
in this area. Carey (1962, p.10l) points out that this

pattern is typlcal of refolding when axes are nearly paral-
lel but have different plunges,
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Pauclity of specimens displaying measurable refolding
has necessitated placing greater reliance on constructed
/& -axes in these areas, where refolding is manifested only
as hook patterns, than in areas where geometrical relations
can be measured directly.

These relations do not necessarily indicate formation
of F; and Fp during separate phases of defonhation. Geo=-
metrical relations described in statisticel analysls of
the linear and planar structural elements suggest that
these fold sets are part of one extended anﬁenco of

deformational movements,
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Figure 26. Sketch showing hook pattern due to refolding

of F; by Fp in migmatite. Natural size,
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Flgure 27. Pre-granitization shearing sub-parallel to
the axlal plane. Natural size,
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Figure 28, Py fold with feldspars developed in the
nose and flanks. Natural size.
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STRUCTURAL ANALYSIS

Structural analysis of a tectonite is usually con-
ducted in three phases: (1) geometrical, (2) kinematic,
and (3) dynamic. Tectonites containing one set of cylin=
drical, plane folds can usually be treated kinematically
and dynamically with a minimum of geometrical daya. Super-
position of fold sets and high ductillity contrasts in tec-

‘'tonites require detalled geometrical analysls on the micro-

scoplic, mesoscopic and macroscopic scales. Investigation
of the Quad-Wyoming-Line Creeks tectonite is confined to
the mesoscopic and macroscoplce scales. Therefore, kine=-
matic and dynamic analyses are generalized. Emphasis is
placed on geometrical relations of linsar and planar
structural features,
The geometrical terminology used is that of Turner
and Weiss (1963, pp.76-143):
S - foliation planes
L = llneations
F =~ fold set on all scales
B - fold axes
& - statistical maximum of intersections of
measured s-surfaces of one type or normal
to a constructed 7~ =circle.
7T - closest great circle approximation to poles

of meagured segments of S, <& 13 axls of the
T*w=circle,
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a - Kinematic axis of slip or flow

b = Kinematliec axis perpendicular to & iIn the plane
of slip or flow and is an axis of rotation

¢ - Kinematlic axis perpendicular to the ab plane.

Chronological subscripts relate penetrative fabric ele=-

ments to corresponding fold sets.

Geometricel Analysis

Geometrical analysis has been conducted on the meso-
scopic and macroscoplc scales to ascertaln domalns of
statlistical structural homogeneity with respect to the
following penetrative fabric elements;

1, Follatlons:

a. compositional follations
b. small fold axial planes
2. Lineations:
'a. axes of small folds
b. mineral elongations
ce skialith and mullion elongations

Mesoscopic structures are defined (Turner and Weiss, 1963,
P«T76) as fabric elements visible in hand specimens and
single, continuous outcrops. Mesoscoplc structure stations
have been constructed using exposure limits as arbitrary

boundaries (Maps 2a and 2b)., Structure stations homogeneous
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with respect to a particular fabric element are combined
on Maps 3a and 3b to glve macroscopic subareas. Non-pene-
trative structures, such as faults and fractures, are not
considered in detail here. All data are plotted on lower
hemisphere equal area projection, and I, Bl’ S, and 34
data have been contoured using a Duschatko device (Dus-‘
chatko, 1955).

The statistical significance of fabric dlagrams with
preferred orlentations have been treated extensively in
the literature (Flinn, 1958, pp.526-539). Fabrics with
weak préferred orientations have been considered suspect
in many cases. However, rather strong preferred orienta=-
tion is shown (Maps 2a, 2b, 3a and 3b) by the subfabrica
in the Quad-Wyoming-ILine Creeks area. Measurements may
be subject to considerable error in slumped areas or due
to exposure controlled by very prominent joint sets.
Particular penetrative fabric elements may be subject to
other errors also:

(1) Fold axes probably possess a high degree of

| accuracy, because the true axis or hinge
line is usually easlly defined. Accuracy
may be somewhat lower in sllightly non-
cylindrical Fy folds and open F, folds,

(2) Although axial planes (S1 and 82) were

measured in reasonably plane folds only,

open, s8lightly "concentrioc" folds present
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some difficulty in locating the axial surface
accurately,

(3) Compositional foliation, S,» measurements are
belleved by the writer to be accurate, since
no measurements have been taken in slumped
areas or near hagnetic rock types; However,
the mesoscopic sub-domalns are usually large
in many casds, and homogeneity is not common
with respect to the so-subrabric. These rela-
tlions may indicate that the sub-domalns are
too large, or that auperposition of F, on Fl
is intense and prevalent on the mesoscoplc
scale. Smaller sub-domains (Stations 2 and
5, Map 2a) show pronounced iﬁhomogeneity due
to superposition of Fa on Fl’ and ductile rocks,
such as banded migmatites, show iﬁtenae refolding.
Although this tectonite 1s essentially homogene-
ocus and shows monoclinic symmetry on the macroe
scoplc scale, S, is typleally triclinic and
heterogeneous on the mesoscopic scale. Sube
division of larger sub-domains has not produced
significantly greater hamogeneity. Therefore,

emphasis has been placed on anelysis of the
Sl—subfabric.

The writer believes that hornblende lineations, Iqys

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



75

are especlally subject to errors and blas. In addition
to slumping and jointing, personal bias, areal extent of
the sample area and the time of day when measurements are
taken may also be significant. Measurements from areas of
obvious slumping and agmatization have been avoided. Per=-
.sonalbbias has beeﬁ checkéd by taking two independent sets
of 75 Ll readings at Stations 1 and 8. Measurements were
taken by different workers from slightly different areas
within the same sub-domain, The two Ll-subfabric patterns
are nearly 1dentica1. Therefore, the writer does not con=-
sider personal blas to be significant. Although Ll fre- -

quently plunges more gently than B,, differences in F

1° 2
fold styles in migmatites and para-amphibolite appear to
explain this difference, Limited dutcrop}area occaslonally
confined L1 measurements to a relatively small area. It
appears that this has produced a pattern at Statlion 3
which is divergent from those in adjacent sub-domains
(See page 117).

Statistical sampling of penetrative fabric elements
cannot be successfully subjected to vigorous statistical
theory. Efforts have been made to maintain relatively
constant numbers of measurements in each sub-domain.

This has been done with respect to I, but B; and §5; vary
rather widely., Figure 30 shows the effect of having a

larger number of S, measurements on the west flank of the
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Wyoming Creek antiform than on the southeast flank. The
east maximum suggests that this fold is overturned to the
east, However, S, data show that the degree of overturning
1s actually slight (20°~30°).

Follations, S

Major compositional foliation in the Quad-Wyoming=
Line Creeks area conslsts of interlayering migmatites,
granltic gnelsses and metasediments (Map 1) Interlayer-
ing of ironstones with para-amphibolites and quartzites,
and zircon studies (Eckelmann and Poldervaart, 1957, ppe
1242-12ll;) suggest a sedimentary origin for these rocks.
Rock typeé resistant to granitization and flow, such as
quartzites and para-amphibolite, outcrop with a high de-
gree of continulty around major folds (Map 1) The band-
ing appears to be original sedimentary 1ayering on this
scale (1:2400) and is referred to by the writer as S,.
Eckelmann and Poldervaart (1957, pe.l230) state that:

"Two criteria show that the beds are right-side

up, and thus that the overall structure of the

Quad Creek area 1is a true syncline: (1) cross-

bedding in quartzites and (2) graded bedding

a8 shown by gradual increase upward of horne

blende and biotite and corresponding decrease

of quartz and feldspar in individual beds of

para-amphibolite or biotite schist and gneiss,"
Casella refers to "apparent crossbedding" in migmatite

in the Line Creek srea (in press). The writer has not
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observed cross-bedding in the quartzites or migmetite,
The writer has attempted no stratigraphic correlation in
this area of intense granitization and multiple folding.
Warping around boudins and skiallths frequently occurse.
As previously mentloned, So of amphibolite blocks in
agmatite 1s frequently oblique to that of the surrounding
gnelsses and migmatites (Figure 1ll).

Careful examination of 8o on the hand specimen scale
shows that banding within some ductile layers 1s not paral-
lol to the major compositional banding. Figure 28 illus-
trates development of feldspar porphyroblasts élong the
limbs of a small Fl flow fold. The fold lles in the plane
of 8,, 1.8+ the axlal plene parallels the S,-plane. Al-
though the fold i1s nearly lsoclinal, the trend of the limbs
is not parallel to S,. Biotite in flow folds (Fl) cammohly
exhibits subparallellism to S, also. Mineral alignment in
small folds occasionally suggests two ages of blotite and
feldspar, although the temporal hiatus may be small, Figure
23 shows refolding of an Fp fold by a relatively open F2
fold 1n feldspathiged quartzite. Fq 1is tightly appressed,
and Sy 1s warped into the form of the later F, flexure.

F1 is defined clearly by small bands of blotite, Preferred
orientatlion of blotite and, to a lesser, extent, plagioclase
parallel to 82 defines a later axial plene foliation. This

example comes from the nose of the Quad Creek synform (Maps
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2a and 2b, Structure Station 5) where F; and F, have neariy
parallel strikes but plunge at different angles (Maps 2a
end 3a). These geometric relations are reasonably consls=
tent throughout the area. Refolding in migmatites from
Structure Station 2 (Figure 25) (Maps 2a and 2b) shows
folding of blotite about B,, but neither later biotite

nor plagioclase are developed parallel to Soe The struc-
tural positions of the two examples do not differ greatly.
The writer suggests that rock type, and consequently degree
of ductility, might be the princlpal controlling factor.
The later minerals may hdwe developed only in rocks which
reacted to stress by fracturing, as in quartzites, and

not by flow as in dquctlile migmatites.

Migmatites in the flanks of the Quad Creek synform
show abundant evidence of extensive flowage. No signifi-
cant difference in fold style 1s generally apparent; both
F; and F, are isoclinal and appressed.: F, folds are fre-
quently obliterated by recrystallization and‘refolding,
and refolding is reflected as hook and crescent outcrop
patterns (Figure 26), Crestal thickening and 1limb attenu-
ation is more pronounced in the migmatites than in the leas
ductile quartzites and para-amphibolite. Although refolding
1s usually difficult to demonstrate in the field at these
structure stations (1, 6, 7, and 8), the Bl- and Sl-sub-
fabric patterns (Maps 2a and 2b) strongly suggest refolding.
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Axisl planes dip more steeply at these structure stations
than the S,-planes (Map 2a). Harris (1959, PP.1195-1196)
shows small fold axial planes in the east and west flanks
of the south plunging Christmas Lake synform trending about
N-S and dipping at an angle which generally exceeds 83
degrees We In contrast, S, dips do not usually exceed 70
degrees. The outcrop pattern suggests that this is an
open and upright major fold. Hence, axial plane foliation
appears to be locally developed in migmatitic layeérs in
this area, since blotite shows a preferred 6r1§ntation
parallel to the flow fold axial planes. Biotite in the
migmatite layers of the Quad Creek synform flanks warps
around the Fy hinges and is also developed in an axial
plane direction (Figure 26). These relations have not
been observed in non-ductile quartzite and para-amphibo-
lite in this flank. The writer concludes that axial plane
folliation (82) 1s developed locally in the banded migmatite
layers. Fabric data (S, and S;) suggest that the angle
between the axial plane folistion and S, is small, Al-
though axial plane foliation (8,) may be developed in the
quartzites and para-amphibolites also, 1t is not readily
detectable,

Large F1 folds have not been identified outside the
Quad Creek synform nose (Subarea 2, Mab 3a). These folds
mey not have developed elsewhere, or they may have been

rendered inconspicuous by shearing. In this way, hinge
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areas would be destroyed. One north plunging fold with a
wave length of about S.feet has been found in Subarea l.
No evidence of shearing pargllel to the axial plane was
noted. Shear zones in these areas may have been destroyed
by subsequent granitizatlion and recrystallization. Figure
27 illustrates apparent shearing in pink migmatite from
Subarea 1, The shear ﬁlane is subparallel to the axial
plane of the fold shown in the sample., Since mineral grains
are not fractured in the shear zone, shearing must have
been pre-granitization. Shearing at the appropriate angle
to the hinge would produce gecmetrical relations which
might be misinterpreted as cross-bedding.

So-subfabric

Mesoscoplc:

Thbvmesoscopic So-subfabric is complicated by over-
printing of F; end F, fold sets. The symmetry rangok from
monoclinic to triclinic, the lowest order of symmetry being
in the ma jor Fz fold noses. Measurements at the structure
stations number from 227to 92, and the areal extent ranges
from about 17,000 to 100,000 aquare yérds. These are un=-
usuelly large mesascopic domalns, which accounts in part
for their‘complexity. However, attempts to ascertain
homogenelty by subdividing these stations has not simpli-
fied the Sy-subfabric significantly. Since the 8j-subfabe
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ric possesses higher symmetry and ls less complex than the
Sb-subfabric, emphasls in the géometrical analysis of FZ
folds 1s placed on the Sjy=-subfabric and lineation subfabe
rics. Map 24 shows the S,-subfabric dlagrams. ‘Appendix
I contains detalled analyses of individual diagrams,

/dpso-axes at Structure Stationsv9, 10, 11 and 12
plunge moderately from SW to SE. Agreemegt between the
A 8- and_# 8,-axes is reasonably good at ‘Station 12.
The erffects of overprinting of Fi and F2 are evident at
Stations 9 and 10, since two girdles are plausible and
the symmetry is triclinic. Relatively open Fp folds which
are overturned to the east are indicated, but the axial
attitude is widely divergent., Structure Stations 9 and 10
show patterns which imply overprinting of S, data bj F2
and Fj. The symmetry is generally triclinle, and 7S g~
girdles trend in directlions separated by about 90 degrees.
Poles to N-S trending and nearly vertical S, -planes pro=
duce maxima which do not appear to be an integral part of
the overall S, -subfabric.

The S,=-subfabric pattern in the east flank of the

Quad Creek synform generally shows a high order of syme
metry, but two nearly perpendicular 1T S,~girdles are usu-
ally suggested. Significantly, Stations 6 and 7 are loca=
ted in migmatite and para-amphibolite, while quartzites
and para-amphibolite dominate at Structure Station 8, As
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previously discussed, 82 axial plane foliatlon appears to
have developed at a smalllangle to the major coﬂpositional
banding in ductlle migmatites and granitic gneisses but is
not detectable in quartzites and para-amphibolite, Meagsure-
ments from these complexly folded rocks yield a 4 S, -axis
plunging gently S=-SW. This attitude only approximates the
true B, orientation (Map 2a) in these sub-domains. This
pattern is not developed in the relétively non-ductile
quartzites and para-amphibolite at Station 8, suggesting
that Fo axlal plane foliation has not developed or 1s not
detectable here in these rocks on this scale., N=S trending
Trso-girdles at these stations may be due to superposition
of F, cross-folds. Sy=» Ip~- and By=-subfabrics and the
map (1) pattern suggest the exlstance of these folds also.
However, they may be a manifestation of F, and Fy supéré
position rather than being a distinct fold set,

The So-subfabric in th§ Quad Creek synform nose
(Stations 3, L and 5) is nearly undecipherable without
considering other subfabric data. Overprinting of F2 on
F; is intense and exists on all scales studied by the
writer., The E=W trending Fy synform is deformed by Fp
folds of nearly parallel trends (Map 1). The S,-subfabric
at Station l| defines the gently warped north limb of this
Fl synform, and the deformed south flank is contained in
Station 5. The 4#S,g~axis corresponds to By (Map 2b) at
Station l, while Bo= and/ﬂ’soa-axes are nearly colncident
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at Station 5. The strongest 7PS°-girdle at Structure
Station 3 defines a / S,-exis roughly corresponding to
Bpe. The less well-defined ffso-girdlo may be related to
F1 folds which plunge west here (Map 2b).

Stations 1-and 2 are similar to the east flank of the
Quad Creek synform with respect to the S, -subfabric. Mige-
matites are prevalent in both éreas. Axial plane foliation
and axial plane shearing (pp.79-80) may explain the patterns
at Stations 1 and 2. South plunging # S -axes approximate
By= and 4 S, -axes here, However, superposition of broad,
open F, cross-folds is suggested by mepping (Map 1) and
the other subfabric patterns. E plunging /8 -axes may
define the axes of these folds., However, these broad
open cross~warps may be due to superposition of 8 plunging
F5 folds on Fy foldse.

Macroscoplc:

Macroscopic analysis of the So-subfabric does not
appear to be justified, since homogeneity has not been
attalned on the mesoscopic scale, However, mesoscoplc
analysis of S, does illustréte the significance of scale,

Homogeneity on the macro- and mesqscopic scales in the
Lonesome Mountain area (Larsen, Poldervaart and Kirchmayer, _
in preparation) is the same, but in the Wyoming Creek anti=
cline they are different. In the former case, open, cylin-

drical folds are suggested on both scales. In the latter
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case, open, cylindrical folds are suggested on the macro-
scopic scale only. Figure 29 illustrates the S, ~-subfabriec
relations for the entire Wyoming Creek antiform. ,A'So-,

A 8=, By~ and Bj-axes agree closely also. In contrast,
mesoscopic analysis of S, displays lower symmetry and
general dlsagreement betweanlgfso-axes and other subfebric
axes. Therefore, s° i1s less homogeneous on the smaller,
mesoscopic scale than on the macroscopic scale in the major
antiform. The writer belleves that 82 sxlal plane foliation
has developed in migmatites and granitic gnelsses. S,
measurements restricted to the major compositional banding
in quartzites and para-amphibolites might yield relations
similar to those in the Lonescme Mountain area., However,
the S, data are insufficient to test thils hypothesis in
the present study.

Slfsubfabric

Mesgoscoplc:

Sl is statistlically sampled at all 12 structure
stations, and measurements number from 13 to 3. A
detalled analyslis of each diagram is given in Appendlix II.

The Sl-aubrabric is particularly significant in the
geometrlc analysis of the Qnad-wyoming-Line Creeks area,
because it 1s not affected by overprinting of both fold
sets.s S, 18 strongly affected by overprinting of Fq and
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Figure 29. Synoptic S, diagram for Stations 6, 7, 8,
9, 10, 11, and 12. Contour interval: O.2-
0e9=1:9=2.,9=3.9-4,9%. Based on 352 measure-
ments.
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F, on the mesoscopic scale and is of limited geametrical:
use. The following generalized remarks briefly summarize
the most pertinent geometrical features of the Sl-subfabric:

(1) 8; is folded by F, folds which are relatively
open in non-ductile quartzites and para~amphl-
bolite and isoclinal in duétile migmatites,
granitic gnelsses and micaceous schists,

(2) The Sl-aubfabric symmetry ranges from triclinlc
to monoclinic, and the highest degree of tri-
clinity occurs in the mejor fold noses (Structure
Stations 2, 3 and 10). Sl-subfabric symmetry
1s higher than S, -subfabric symmetry.

(3) 8, 1lies in the S _~-plane, i.e. S; parallels
So in strike and dip. Therefore, 8, and S,
maxima rotate around the major fold noses,
but the S ~subfabric is heterogeneous.

(4) COnstructedjﬂ Sy-axes agree closely with

measured B,-axes at most structure stationse.

The Sl-subfabric is simplest and most clearly defined
in the Wyoming Creek antiform noéé and soptheast flank
(Stations 10, 11 and 12; Map 2a). 4 S;-axes at these
stations plunge moderately S-SW and agree with B, measure-
ments (Map 2b)e. Fy folds are relatively open and overs
turned eastward at Station 10, These relations are in

agreement with fleld observations and the map pattern
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(Map 1)e The dominant rock types at these atations are
quartzites and para-amphibolite, The unusually great
width of the ﬂ'sl-girdles suggests that the F2 folds are
not entirely.cylindrical. Bz gshows strike and dip dis=
persion in Sub-area 3 (Map 3b). This does not necessarily
imply that F2 is refolded, but bfoad, open flexures have
been identified on the west flank of the major antiform,
These folds appear to be cross-folds which deform F, very
gently. However, they may be due to superpositioﬁ of F2
on F1 rather than belng a distinct fold set,

The Sl’z-subfabric in the east flank of the Quad |
Creek synform is more complex than in the southeast flank
of the Wyoming Creek antiform. The subscripts 1,2 are
used at these stations, because it was not possible to
separate F, and F, at Structure Statlons 6, 7, 8 and 9,
Examples of refolding are uncommon, but hook and crescent
(Carey, 1962, p.1l0l) outcrop patterns suggest refolding.
Crestal thickening and limb attenuation is prevalent in
the ductile migmatites., The overall 81’2-subfabr1c pat-
tern indicates broad, open folds plunging steeply east.
This trend 1is perpendicula: to the Quad Creek synform
axis, so that these appear to be cross-folds related to
the major synform. The S,-subfabric supports the exis-
tence of these folds. However, the pattern at Structure
Station 6 is exceptional. South plunging isoclinal Fo
folds which are nearly symmetrical are suggested here by
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the S;~-subfabric. Additionally, lineation subfabric pat-
terns (Map 2b) at these stations are not adequately ex-
plained as being deformed by later (Fb) cross~folds 6nly.
Continuation of the geometric relatlions at Statlons 10, 1l
and 12 through these atatlons is indicated by the llnear
elements, which also implies the existence of south plun-
ging, isoclinal F, folds at Stations 6, 7, 8 and 9. There=~
fore, these folds must be highly appressed and overturned
in the S,-plane st these statlons. Figure 45 shows an
example of this F, geometry. Fo cross-folds may have been
superimposed on thls geometry and have dispersed the poles
to the axial planes. Alternately, the cross-warps may be
due only to overprinting of F, on Fqe The prominent

| maxima ﬁﬁy represent s2 poles, Within the Wyoming Creek
antiform, Fy folds appear to have formed primerily in
ductile layers, such as migmatites and mica schists.
Variation in the F2 geometry may be related to rock duc-
tility or to greater appression in the Quad Creek fold.
The writer believes that open, flexural flow folds (Fz)
have formed in the relatively non-ductile gquartzite and
para-amphibolites, while appressed, l1socllnal passive Fy
flow=-folds have developed in the migmatites. Fo folds

in the east Quad Creek flank may have been fﬁrther appressed
during formation of the major folds.

Stations 3, It and 5 are separated from Station 6 by
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an area of sparse outcrops. / Sy-axes have rotated approxi-
mately 90 degrees in strike from. S-SW at Station 6 to E-SE
at Stations 3, L4 and 5. The plunge is difficult to ascertain
acourately at Station 6 but appears to be L40°=50°s, ,f'sl-
axes plunge gently E-SE at Stations 3, L and 5, Therefore,
/ 8;-axes rotate around the nose of the Quad Creek synform
with a corresponding change in plunge, Fz 1s overturned to
the N-NE and is relatively open. Quartzites and para-
amphibolite are the domlnant rock types in these sub-domains,
The Sl-subfabric at Structure Stations 1 and 2 indicate
that Fy completes 1ts rotation around the major synform,
Most of the measurements were derived from migmatites.
The Sl-subfabric at Station 1 is similar to the pattern at
Station 6. B, meagured from refolded samples plunge very
.gently S-3W at Station 2. The & 8,,-axis approximates
this attitude. The subfabrlc at thls station is somewhat
unique, because two equally well-defined Tfsl-girdles.are
dispersed at Structure Station 1. These features may be
due to superposition of broad, open F2 Cross~-warps on FZ'
These later (Fa) folds correspond to the crosas-folds noted
in the east flank of the Quad Cresk synform but mey be due

to superpositidn of F2 on F1 and not a distinct later fold

set.

Macroscoplc Scale:

Treatment of the Sl-subrabric on the macroscopic
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scale has been conducted by éombining structure stations
homogeneous with respect to S1 into subareas.‘ Six sub-
areas have been constructed in thils ﬁannar and are keyed
to tpe appropriate subareas on Map 3a. 'Mqasurements
nunber from 18 to 117. The symmetry for the individual
subareas i1s generally monoclinlc. Hombgeneity 1s slightly
greater in the Wyoming Creek antliform than in the Quad
Creek synform. In general, sl is not a penetrative fabric
element for the two major folds, because it rotates around
the major noses (Turner and Weiss, 1963, pp.lll}-151).

The 8, patterrsin Subareas 1, 3 and li suggest folding
of S1 by isoclinal F2 folds. The folds are overturned
slightly in fhe So-plane.‘A? S, -axes rotate around the
Quad Creek synform nose and converge slightly on the syn-
form axis./§ 5, -axes do not rotate around the‘ﬁ%oming Creek
antiform nose, Although the axlal attitudes of the 1go-
clinal F2 folds is difficult to ascertaln statistically,
they appear to coinclde closely with the measured Bo-axes
(Map 3b). The dominant rock types in Subareas 1 and lj are
banded migmatites, while quartzites compose Subarea 3.

F, folds in Subareas 2, 5 and 6 are relatively open
and are overturned variably from NE to E=NE. Asymmetry 1s
more pronounced in Subareas 2 and 5 in the F, fold noses
than in the southeast flank of the Wyoming Creek antifomm

(Subarea 6).// Sl-axes and B,-axes show close agreement
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in subareas containing open F_ folds. Quartzites and para-

2
amphibolite are prevalent in Subarea 6. As previously

mentioned with respect to the mesoscoplec scale, fold atyle
is variable with differant rock ductillitlies. Open flexural
flow folds (FZ) occur in non-ductile quartzites and para-
amphibolites (Subareas 2, 5 and 6), whereas isoclinal pas=-
sive flow folds (Faj are widespread in ductile migmatites,
granitic gneisses and mica schists (Subareas 1 and li).
Subarea 3 1s anomalous in thls respect, but the data are
sparse.

Sl-subfabric symetry 1s monoclinlic for the synoptiec
diagram shown in Figure 30, These data are from Subareas
L, 5 and 6. The 4 S,-axis corresponds closely with Bj
axes from these aubgreas (Figure h3). Figure 31 is a syn~-
optic 8j .diagram for the entire area. The degree of tri-
clinity with respect to S, is higher than for the Wyoming
Creek sntiform. This 1s due to rotation of the &3,- and
Bo-axes around the Quad Creek nose but not around the
Wyoming Creek nose. Therefore, S1 is not deformed homo=

geneously with respect to these major folds.

Sz-subrabric

Mesoscople:

S5 measurements are not numerous at any of the 12
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Figure 30. Synoptic S; diagram for Subareas 3, 4 and
5. Contour interval: 0.5-2e3=4.2~6e1%e
Based on 213 measurementse.
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Figure 3l. Synoptic S; diagram for the entire map area.

Contour interval: 0¢3~0.9-199~2.,9-3.9%. Based
on 308 measurements.
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structure stations, because Fl and F,. small folds are fre=-

2
quently very similar in style. As previously mentioned, Fy
and Fp ere not distinguishable at Structure Stations 6, 7,

8, 9 and 11, UNearly all of the S, measurements were taken

2
from F, folds showing refolding at Stations 2, 3 and 5.
Uncontoured data are shown on Map 2a and are discussed in
Appendix 3. Sz-subfabric symmetry ranges from axial to
monoclinic,

The monoclinic Sa-subrabric at Structure Stations 2,
10 and 12 suggests that F, folds are non-cylindrical and
non=plane in these sub~domains. This does not necessarily
imply later folding of the S,-planes. The orientation of
the F2 folds indicates that they are parasitic on the
ma jor Wyoming Creek antiform. Figure i shows that the
major folds are slightiy non-cylindrical on the regional

scale. Therefore, small F_ folds might reflect this geo-

metry on the mesoscopic séile. Formation of this pattern
may be related to the nature of the F2 deformation or to a
later deformation. The writer believes that the non-
cylindrical nature of amall and large FZ folds may be
explained by triaxial strain during their formation.
S,-planes are occasionally difficult to measure accurately,
since the Fp folds at these stations are open and nearly

®concentric®, Folds later than Fy have not been found at

Stgructure Stations 10, 11 and 12, The S, attitude at

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



95

Structure Stations 10 and 12 is generally N-NB and dipping
steeply W=-NW. Therefore, F, folds trend obliquely to the
So- and Sy=-planes and are slightly overturned to the E-SE
here, 3, does not rotate around the Wyoming Creek anti-
form nose, while sl warps around both major noses.

The S,-subfabric at Structure Stations 3 and 5 have
axial or orthorhombic symmetry. S, trends parallel to the

So-plane and therefore, wraps around the Quad Creek syn=-

form nosgee.

Macroscopic:

Three macroscoplic subareas have been constructed by
combining stations homogeneous with respect to Soe Although
8, and S, are not separated at Structure Stations 6, 7, 8
and 9, these stations are included in Subarea 3. The pate
tern at these statlons suggesats S5, orientatlions simlilar to
the attitude at Stations 10 and 12, Map 3a shows the sub-
areas'and corresponding uncontoured diagranms,

Sy is a penetrative fabric elemént for the Wyoming
Creek antiform (Subarea 3), since it is relatively homo=
geneous throughout the entire strucfure. In contrast,

8, rotates around the nose of the Quad Creek synform.

F2 folds are overturned to the north in Subarea 2, Figure
32 is a synoptic Sy-diagram for Subarea 1 and 2, defining

a # Sy-axis plunging 18° to S15W. This is a significantly
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Figure 32. Poles to Sg-planes from Subareas 1 and 2.

N
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different attitude than that derived for the Wyoming Creek
antiform. Therefore, 82 appears to be older than the major
synform. However, the presence of the metanorite body 1s

believed to be significant in these anomalous geometrical

relations,

Summaxry

8,-subfabric:

The So-subfabric is complicated by overprinting of
F, on Fl and generally has triclinic symmetry. It defines
A So-axes which correspond roughly to B, and _&S;-axes
at Stations 1l and 12, where F1 has been observed on the
scale of small folds only. Constructed 4 S -axes in the
flanks of the Quad Creek synform generally define steep}y
plunging cross-folds related to the ma jor synform. However,
the writer believes that these cross-warps are not a dls-
tinet fold set but are manifestationa of F2-F1 auperposi-.
tion. Warping of this type has been observed in the E-W
trending ¥, synform in Quad Creek (Map 1l). & S -axes which
rlunge in the direction of B2 only approiimate the actual
B2 attitudeo. Most of the So measurements at Statlions 1,
6 and 7 are from migmatites in which refolding is intense
and 8, axlal plane foliation is evident. The S,-subfabric

patterns at these stations reflect these relations.

F1 and Fo folds exist on the small and large scales
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in the Quad Creek synform nose, so that the S,-subfabric
is very .complex here, ,é?so-axes generally sgree roughly
with Bo- and//f%l-axos. The patterns at Stations 4 and 5
substantiate the existence of the F; synform in this area.
The S -subfabric has not been treated on the ma croscopic
scale, except in the Wyoming Creek antiform. Figure 29
shows the /So-axis and ﬁso-girdle for this major fold.
/A’SO-, B,~, and 4 8,-axes agree rather closely. There-
fore, the So-subfabric is homogenseous on the macroscoplc

scale but not on the mesoscopic scale,

§1-subfabr1c:

The sl-subrabric has been especially useful in deter-
mining the Fo fold geometry. Open F2 folds are demonstra-
ted by the Sj-subfabric in the southeast flank of the
Wyoming Creek antiform, where non-ductile quartzites and
para-amphibolite dominate. SW plunging, asymmetrical Fy
folds are defined in the nose of the major antiform. Sl
and 82 are not separated in the east flank of the Quad
Creek synform. However, south plunging, isoclinal, nearly
symmetrical F, folds are defined at Statlon 6. This pat-
tern 1s poorly developed at Statlions 7, 8 and 9. The dom=
inant rock types at these statlons are migmatites. The
writer believes that Py folds fold Sl at these atations,

but that they are appressed and overturned in the plane
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of Soe The macroscoplc Sl-aubrabric demonstrates the

interpreted F_ fold geometry in this area. Addition-

ally, the preience of highly ductile migmatites appears

to be an influential factor in Fp fold style. In general,
F, folds are slightly appressed and "similar® in migma-
tites and granitic gneisses, while they are éénerally open
and partially flexural in non-ductile quartzites (Figure
21) and para-amphibolite. Although cross-flexures related
to the major synform are suggested at Stations 1, 2, 6,

7, 8 and 9, the writer believes that these broad, open
warps are manifestations of refolding.‘// Sl-axes at
Stations 6, 10, 11 and 12,as well as in Subareas 3,_h

and 5, are closely coincident with B,-axes. Figure 30
shows the /fgl-axis for the entire Wyoming Creek anti-
form. The Sl-subfabric is homogeneous on the magroscopic
scale, and the mesoscoplc subfabric is significantly more
homogeneous than the So-subfabric.

The S;-subfabric at Station 1 is simllar to the
Station 6 pattern. Fy folds which are relatively open
and are overturned to the N-NE dominate in the Quad Creek
synform nose, The constructed / Sl-a.xes agree closely
with measured B,-axes. ,Aﬁél-axes rotate around the Quad
Creek synform nose, while little rotation is noted in the
Wyoming Creek antiform.
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S, =subfabric:
=5

82 meésurements are sparse at most stations and are

_absent in areas where P and F, have not been separated.

Although 8o 18 somewhat dispefaed in Subarea 3, the sub-
fabric does not suggest rotation around the Wyoming Creek
antiform nose. The writer believes that these F2 folds.
are parasitically related to the large SW plunging antl-
form. The dispersion of S, data 1s attributed to tri-
axial strain, rather than to a later deformation.

S5 rotates around the Quad Creek synform nose, sug=-
gesting that this major fold is younger than F, folds.
However, the buttressing effect of the metanorite body is
believed to have produced sufficient north directed stress
to cause this local change in orlentation of small F, folds.
82 is nearly recumbent tp the north at Station 5. This 1is
believed to be due to buttressing of the metanorite and
not to intrusion of the body. However, the ,d?sz-axis
probably approximates the true Quad Creek synform axial
attitude (Fig. 32).

Axisl plane foliation (S;) has developed locally,
especiaily in migmatites of the Quad Creek synform flanks,
It has not been detected in the quartzites here, but 1s
well 1llustrated in quartzites from the Quad Creek synform

nose (Fige. 23). The Sziéo angle does not appear to exceed
10°=15°,
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Lineations, I

Lineation is defined by Cloos (1946, p.l) as "....a
descriptive and non-genetic term for any kind of linear
structure within or on a rock. It may include striae on
slickensides, fold axes, flow 1ines, stretching, elongated
pebbles or oolds, wrinkles, streaks, 1nt9rsect16ns of
planes, linear parallelism of minerals or components, or
any other kind of linear structure of megascopic, micro-
scopic or regional dimensions.” However, Turner and
Weiss (1963, pe10l) restrict thé term lineation to linear
structures which are penetrative in hand specimens or 1in
small exposures. Grooves and striase are not penetrative
fabric elements and are exclu&ed by them, Large linear
structures such as rods and mulllon are treated separately
by these workers also. The writer considers each pene~
trative linear feature’separately,;in order to ascertain
the age and geometrical relétions of each, The following
lineations are analyzed in this investigation;

(1) Small fold axes, B, are generated by a line
parallel to the hinge moving with constant
orientation. The hinge line (Figure 33)

Joins points of greatest curvature. Many
of the measurements utilized here are hinge
lines, Attitudes of hinge lines and fold

axes are difflicult to measure accurately in
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Figure 33. Sketch showing the hinge line of a fold
(after Turner and Weiss, 1963, p. 107).

7

Figure 3l. Sketchvshdwing singie crystal elongation
(after Turner and Weiss, 1963, p. 102).
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Figure 35. Sketch showing elongation of mineral aggre-
gates (after Turner and Weiss, 1963, p. 102).

Figure 36, Photo showing mullion structure in quartzite,
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open and concentric folds.

(2) Mineral lineations, L, are of two types:

a. elongation of single hornblende
crystals, L, (Figure 3l).

b. elongation of mineral aggregates
(Figure 35), such as blotite, L,,
on slip surfaces in flexural flow
folds.

(3) Elongation of pods and skiallths, L., has been
measured where the relief is sufficiently great
to permit accurate measurements. Para-amphibo-
lite and, occasionally, quartzite skiallths are
abundant in areas of agmatization. Figure 36
shows mullions (Wilson, 1953, pp.118-151) in
quartzite,.

(4) Grooves and crenulations are most commonly
assoclated with F, folds (Figure 37). Groov=-
ing 1s usually found in the hinge zone parallel
to BZ’ Crenulations occur in micaceous layers

énd are included with measurements of fold axes,

Lineations formed by intersecting planes, feldspar pore-

. Phyroblast :elongations, and the trace of lineations on
an obliquely interseciihg plane ("apparent lineations™,
den Tex, 1953, p.59) are not treated here.
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Filgure 37, Sketch showing crenulations (after Turner
and Welss, 1963, p, 102).

B 2
s

SRS

Figure 38, "doncentric" folding of earlier rectilinear
lineations (after Ramsay, 1960, Pe 77)0
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Figure 39. "Similar® folding of earlier rectilinear
lineations (after Ramsay, 1960, p. 78).
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Bl-Subfabric

Mesoscopic:

B1 measurements are fold axes and hinge lines of
small, isoclinal F1 folds, numbering from 13 at Station
8 to 36 at Station 12, Contoured diagrams are keyed to
the corresgsponding structure stations on Map 2b., It must

be emphaéized that both B1 and B measuremehts are Iine

2
cluded at Structure Stations 6, 7, 8 and 9, since F. and

F2 are not separated in these sub=-domains. A detaiied
analysls of each diagram 1is given in Appendix IV.

The B,=-subfabric symuetry renges from monoclinic to
triclinice No significent symmetry variatlon is evident
with respect to position in the major folds., However,
the Bl-subfabric varies from a partial great circle glr-
dle (Station 7) to a pattern which approaches a partial
small circle girdle (Station 12). Ramsay (1960, ppe75«-
93) has shown that "concentric" folding disperses earlier
rectilinear lineations into a partial cone which forms a
partial small circle when pro jected on an equal area net
(Figure 38), In contrast, "similar? folds deform earlier
rectilinqar lineations along a plané which projects as a
partial great circle girdle (Figure 39). Folding in na-
ture is usually intermediate between these ldealized
styles, -Fz fold style in the Quad~Wyoming-Line Creeks

area appears to be influenced by rock types, and conse=-
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.qnently, by mean ductility (Donath and Parker, 196l, p«50).
Relatively open, "concentric" F, folds occur in non-ductile
quartzites and pafa-amphibolites at Structure Stations 3,
4, 10 and 12, The 8,-subfabric reflects this fold style
(Map 2b) in fhese areas. In contrast, M"similar" Fy folds
ocour in the ductile migmatites and grahitic gnéisses at
Structure Stations 1, 2, 6, 7, 8 and 9. These differences
in F, fold style due t; differentlial mean ductilities are
reflected in the Bl-subfabric. Bl is dispersed along
ﬁartiai great circle girdles where F, folds are "gimilarh
passive flow folds. Partlal small circle Bl-girdles are
suggested where F, is slightly "concentric" and appears
to héve formed by flexural flowwfolding. The pattern 1s
intermediate between a partial small circle and a partial
great circle girdle, since these F2 folds are not entirely
"concentric" and have not formed through purely flexural
slip folding (Donath and Parker, 196l, pe5lL)e

The B,-subfabric at Structure Stations 6, 7, 8, 9 and

10 suggests that B; and B, are nearly parallel (Clifford,

1960, pe377, Fige 9=D9)e This relation is confimmed at

Statlon 10 by B, attitudes (Map 2b)e The patterns at

Stations 7 and 8 suggest folding of B, by "similar" F,

folds, since the Bl-girdle is a partial gréat circle,

Primary maxima plunge moderately S-SW. Partial small

circle Bl-girdles are approached at Stations 10 and 12,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



109

where relatively non-ductile quartzites and péra-amphibo-
lites dominate. F, folds are nearly "concentric" in these
areas. Patterns at Stations 6 and 9 are intermediate be-
tween "similar"™ and "concentric" styles. The Sl-subrabric

at Station 6 (Map 2a) indicates that F_ folds are highly

2

appressed and nearly symmetrical. B1 measurements were

derived from migmatites at Stations 6, 7, 8 and 9. F2

cross-folds are suggeated by the so- and Sl-subrabrics
at these statlions and may explain some of the scatter.
However, these broad, open F2 cross-warps may be only
due to superposition of F2 on Fl foldse B1 does not
rotate around the Wyoming Creek antiform nose,

F1 and Fé are distinguished easily at Structure
Stations 2, 3 and 5 in the nose of the Quad Creek syne-
form, Although B1 and B2 strike gearly parallel here,
they are separated in plunge by about L0° as measured
from the horizontal plane (Map 2b, Station 5)e It is
evident that B1 begins to rotate around the major synform
nose and converges on the axlal zone. F2 folds are rela-
tively open and slightly "concentric" in the non-ductile
para-amphibolites at these stations. Therefore; the By
pattern ls intermedlate between a partial small circle and
a partial great circle girdle. These F, folds are over=-
turned to the north. B, has rotated completely around

1
the Quad Creek synform nose at Stations 1 and 2, where
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the dominant Bi plunge is N-NE. The partial great circle
Bl-girdles indicate that the F2 folds are "gimilar",
Broad, open F2 cross-folds suggested by the Sl- andlso-
subfabrics may explain the unusually large scatter of B1
data here., The Sa-subrabric supports this conclusion,
Therefore, rock ductilities control the F2 style and
mechanism at Structure Stations 1, 2, 3, l and 5 as they
do in the remainder of the area, However, Bl wraps
around the Quad Creek synform nose and converges on the

axial zone,

Macroscopic Scale:

Stations homogeneous with respect to By have been
combined to form macroscopic sub=arseas (Turner aﬁd‘Weiss,
1963, pp.llli=151), TFive sub-areas are shown on Map 3b
with the corresponding subfabric diagrams. Measurements
number from 50 to 89. Although B1 is nearly homogeneous
for the Wyoming Creek antiform, sufficient variation
exlsts to necesslitate construction of 3 sub-areas here,
The subfabric symmetry is generally monoclinice Homo=
geneity 1s significantly greater for the Bl-subrabric

than for the Sl-subfabric, especially in the Wyoming

Creek antiform,

B, end B, are nearly parallel in Subareas 3 and k,
producing patterns typical of coaxial folding by flexural

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



111

flow folding,. Flexural slip folding produces a partial
small circle girdle, whereas a partlial great circle gir=-
dle results from coaxial refolding by passive flow or
passive sllip folding. Small circle Bl-girdles are most

conspicuous in Sub-area 4, where F_ folds are relatively

"concentric", By and B2 are not pirallel in Sub-area 5,
where F, folds are also slightly "concentric" and open.
These appear to be flexural flow folds in reiatively non=
ductile quartzites ana para-amphibolites. By and Ba'are
not separated in Sub-area 3, but FZ folds are apparently
more appressed and "similar™ in this area than in Sube
areas h and 5. Broéd, open'F2 cross=-folds suggested by
the So- and Sl-subfabrics in Sub-area 3 (Map 3a) probably
explain some of the scatter of By data here. Pfimary By~
maxima plunge S to SW in Sube-areas 3, 4 and 5, and no
rotation around the major fold nose is noted. Figure 4O
is a synoptic diagram for By in this area. By and Bp

are nearly parallel (Figure 43). '

Sub~areas 1 and 2 illustrate rotation of B1 around
the Quad Creek synform. The NE maximum in Sub-area 1 and
the W-NW maximum in Sub-area 2 show convergence of B1 on
the synform axis. However, the two subfabric patterns
differ greatly. Quartzites and para-amphibolit compose
most of Sub-area 2, while migmatites dominﬁte in Sub=-

area l. As discussed above, open, s8lightly "concentric"
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Figure 40, Synoptic By dlagram for Subareas 3, 4 and 5.
Contour intervals Qe4=le4=2e4=3e4=4e4~Ded~
6+4%, Based on 213 measurements.
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F2 folds formed in relatively non-ductile rocks disperse
Bl into a distorted cone, This projects as a curvlplanar
surface intermediate between a partial small clircle and a
partial great circle girdle. Therefore, "similar" F2
folds have formed on Sub-area 1, while opén, slightly
"concentric" F, folds have formed in the relatively non-
ductile quaftzites and para-amphibolites 1# Sub-area 2.
The large width of the By-girdle in Sub-area 1 is attri-
buted to gentle warping of B1 by broad, open F2 Cross=-
folds, which may be due to the non-cylindrical and non=-

plane nature of small and large F, folds,

Ll-Subfabric

Mesoscoplc:

Seveﬁty-five (75) hornblende lineations (ILy) have
been taken from para-amphibolite at all twelve structure
stationse. Ll-subfabric dlagrams are keyed to the approp-
riate areas on Map 2b., A detailed analysis is given for
each Ly~diagram in Appendix V.

Ll-subfabric symmetry ranges from monoclinic to tri=
clinic, the lowest order of symmetry being in the east
flank of the Quad Creek synform. The following are the
most significant geometrical featurea of the ILj=-subfabric
in the Quad-Wyoming-Line Creeks area;

(1) The Ly-subfabric mimics the B -subfabric pattern

1
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except for deviatlions explicable by contrasting

F2 fold styles due to mean ductility differences,
F2 folds are more "concentric" in relatively non=-
ductile para-amphiﬁolite than in ductile migma-
titese

(2) Ly strikes approximately parallel to the Sgy=

' plane,

(3) L,-girdles usually approach partial small circles,
so that they trend about perpendicular to the
So-plane. However, great c¢ircle girdles have
been constructed on Maps 2b and 3b, because the
pattérn is scattered and intermediate between
great and small circle girdles, Distorted
small circle girdles are shown in Appendix V
onlye _ '

(4) L, generally plunges more gently than B,.

(5) Ly is widely dispersed in the sast flank of
the Quad Creek synform.

(6) L, rotates around both major noses,

F2 folds in para-amphibolite have dispersed L1 into par-
tial small circle girdles with little suggestion of par-
tial great clircle girdles. This pattern guggests that Fa
folds are nearly "concentric!" in these relatively non-

‘ductile rocks (Ramsay, 1960, ppe75-93)e Figure 41 1llus-

trates the writer's interpretation of the geometrical
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relations of L, and By at Structure Station 12, I trends
W-SW and was nearly horizontal pfior to F2 folding, Slight
overturning to the SE of the SW plunging F2 folds produces
Ll lineat;ons plunging gently east and dispersion 1n£o dige
torted partial small circle girdles. Thils interpretation
requires only minor revisions to be applicable at Structure
Stations 10 and 11 also. The larger scatter of In at the
latter station is belleved by the writer to be due to
agmatization which is extensive here, The L1 maximum
plunges more gently west at the former statlon than at
Station 12, However, limited sultable outcrops confined
In measurements to a relatively small area at Structure
Station 10. Concentration of these measurements on the
SE flank of an overturned, open Fz‘fold may be partly
responsible for thls pattern. Agmatization has pro-
duced scatter of the Ll_data,at,this'station also, How=
ever, L, appears to trend w-sw'hére, while By trends about
N~Se a

Although B, end B, are not separated at Structure
Stations 6, 7, 8 and 9, the subfabric suggests B, plunges
moderately S~SW. Therefore, B, strikes slightly more
gsouth at these statlons that at Stations 10, 11 and 12,
Utilizing the interpretation presented in Figure L1, par-
tial small circle Ll-girdles should appear in the S«-SW
and N-NE near the great circle. However, the glrdles
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trend about E-W with maxime plunging gently S. This rela-
tion indicates that Ly, By and B, very'closelj approach
parallelism in these sub-domains. Agmatlzation and super=-
position of broad, open F, cross-warps ls belleved by the
‘writer to explain the scatter and triclinic symmetry.
These:cross-warps may be due to superposition of F2 on
Fl rather than being a distinect fold set.

The Ll-symmetry at Stations lf and 5 are very simi-
lar to the B,-subfabric patterns at Stations 3 and L.
The rocks are dominantly quartzites and para-amphibolites
at Stations L and 5 and contain slightly "concentric" F,
flexural flow folds. The subfabrlc patteins reflect the
F2 folding style by dispersion of earlier rectilinear
lineations, B, and Ll’ into curviplanar surfaces inter-
mediate between partial small circle and partlal great
circle girdles. Orlenation of the maxima at these sta-
tions and number 6 show the rotation of Ll into the Quad
Creek synform nose. Structure Station 3 is anomalous,
because the entire pattern has rotated about 120 degrees
S from Stations L and 5. Agmatization is not extensive
here, and no faults or shear zones have been noted. Bl
and L, are belleved to be nearly parallel at all of these
stations. The L, measurements were confined to a relative-
ly amall area. The writer concludes that concentration

of L1 measurements in the hinge of an F2 fold overturned
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to the N is the cause of this pattern.

Ll has rotated completely around the Quad Creek
synform nose at Stations 1 and 2. Maxima plunge NE,
indicating convergence on the major synformal axis. The
L, ~subfabric patterns at these stations suggest relatively
concentrich F, folds in the non-ductile para-amphibolite.

Macroacopic:

Mesoscoplc stations homogeneous with respect to Ll
have been combined to form homogeneous macroscopic sube
areas. Measurements number from 75 to 300 in the 6 sub-
areas which are keyed to the approprlate areas on Map 3be.
Detalled analysis of individual dlagrams is given in
Appendlx V. The symmetry is generally monoclinic, with
the highest degree of triclinity being in Sub-area l.

Although Iy and By appear to be generally parallel
and trend approximately parallel to the S,~plane, the
subfabric patterns differ greatly in Sub-areas 1, 2, l,

5 and 6. Iy girdles are near the great circle and strike
about perpendlicular to the So-plane. Fleld observations
and conslideration of contrasting fold styles in para=-
amphibolite and migmatites suggest that By and L; are
nearly parallel throughout the area, The greatest
divergence from parallelism is probably in Sub-areas 5

and 6, The writer belleves that lower mean ductility in
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para-amphibolite has produced open, nearly "concentric™

5 folds deform Bl'
in ductile migmatites. Selective ﬁl measurements from

F2 folds, while appressed ”similar" F

portions of FZ folds yleld local divergences from the
overall L1 pattern (Sub-area 2).

The prevliously discussed Ll-subfabric geometry in
Sub-area 6 1s generally applicable throughout the Wyoming
Creek antiform (Sub=-areas h and 5), but L1 rotates around
the major nose. However, Ll and B2 appear to be more
nearly parallel in Sub-area l than in Sub-areas 5 and 6.
Agmatization and possibly superposition of broad, open
F2 cross-folds has produced scatter of the Ll data in

Sub-area l also,

Iy~ and B,-subfabrics in Sub-area 3 are strikingly
gimilar in contrast to the widely different L1 and B1
patterns in the other sulsareas. The differences in the
mean ductility of para-amphibolite and quartzite are
apparently small. Therefore, the writer concludes that
similar subfabric patterns are developed here, bscause
F2 folds are slightly "concentric" and open in both rock
types. Ag previously mentioned, the apparent rotation
of the Lj=-subfabric in Sub-area 3 is due to selection of
Iy measurements from a small portion of an open F2 folde.

Iy has rotated completely around the Quad Creek syn-

form nose in Sub-aresa 1l. Bl meagsurements are dispersed

into a partisasl great circle in these ductile migmatites,
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whlle Ll-girdlos approach partial small clrcles. F2
folds are "similar" in the migmatites but "concentric"
in the para-amphibolite. ‘

Measurements of skialith elongations (Ll) are not
numerous, because measurqments were taken only when the
attitude was clearly defined, Examination of the attitudes
at Stations 2, 3 and 6 (Filgures l2a, b and ¢) suggests that
these Ly measurements are coincident with B1 rather than
Boe Therefcre, these linear elements must have formed
during Fl folding and been refolded during F, (Station 6).

As previously mentioned, mica aggregates are occas=-
ionally drawn out producing lineations. The attitudes
shown in figure 42d were measured from green mica aggre-
gates on the surfaces‘of quartzite layers in Fo folds from
Line Creek canybn'(station 12). These meaéurements COT=
respond only roughly with B, (Map 2b). However, they
wore confined to a small area and are believed by the
vriter.to have formed during F2 folding by flexural flow.
Significantly, these lineations (La) indicate transport
to the south at a moderate angle., Drawn blotite aggre-
gates are occaslonally developed on the surfaces of para=-
amphibolite layers in the Quad Creek area., They plunge
gently S here and are apparently concordant with the major

synform axis,
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(a). (b)e
(0)0 Ul)o

Figure 42. Projections a, b, end ¢ show skialith elonga-
tions, L1, at Structure Stations 2, 3, and 6,
respectively. Projection 4 shows green mica elon=-
gatlons, I, at Structure Station 12,
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Ba-Subfabric

Mesoscoplc:

B, measurements number from 3 to 17 at stations
where Fl and F2 are separable. No B2 measurements are
given for Sgations 1, 4, 6, 7, 8, 9 and 11, because Fy
and F, are not easily distinguished in these sub-domains,.
Most of the B, axes at Stations 2, 3, and 5 have been
derived from samples showlng refolding of Fqpe Uncone
toured data are keyed to the appropriate areas on Map
2b, Bz-subfabric symmetry ranges from axial at Structure
Station 3 to monoclinlc at Station 10, These data are
given in Appendix VI also.

The Bo=subfabric 1s generally monoclinic at Struc-
ture Statlons 10 and 12. Turner and Welss (1963, pp.129-
143) have shown that superposition of fold sets ylelds
non=-cylindrical later (Fa) folds, However, this effect
is slight when later folds are considerably larger than
the earlier folds. Although overprinting of F, and F,
may explalin some of the B, dispersion, consideration of
the larger fold attitudes on a regional scale (Figure L)
suggests an alternative explanation. Major folds in the
Beartooth range plunge from 10 to 4O degrees to S-SW.
Small F, folds in the Wyomlng Creek antiform appear to

be parasitically related to the major structure. There-
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fore, the writer concludes that the 32 dispersion 1ls a
reflection of the major fold non-cylindrical character,
These geometrical relations may be inherent in these
Archean folds or due to a later deformation. No later
small folds have been identified at Stations 10 and 12,
The writer believes that the larger and smaller F, folds
developed non-cylindrically due to triaxlial straln during
’folding. Although B, and B, are not separated at Stations
6, 7, 8 and 9, primary By,2-subfabric maxima and two re=-
folded samples, indlcate that B, plunges moderately S-SW
in these areas. By~ and 4 3;-axes are nearly colncident
throughout the Wyoming Creek antiform.

B, plunges gently E-SE at Structure Stations 3 and S,
agreeing closely with constructed./§7sl-axes (Map 2a).
Rotation of B2 around the Quad Creek synform nose is
completed at Structure Statlion 2, where the B2 trend'is
about N-S., However, the normal southerly pluﬁge has not
been resumed. Assuming a B, south plunge in the west
Quad Creek flank, B, converges slightly on the ma jor
synform axls, Scatter of the B2 data at Station 2 may

be due to superposition of F_ on Fl.

2

Macroscoplec:

Three sub=areas have been constructed by combining

stations homogeneous with respect to Bpe Map 3b shows
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the uncontoured data keyed to the appropriate areas. The
macroscoplc Ba-suhrabrié symetry is axial in Sub-area 2
and monoclinic in Sub-areas 1 and 3., Detalled discussions
are given in Appendix VI,

B, does not rotate around the Wyoming Creek antiform
nose {(Sub-area 3) and is, therefore, considered a penetra-
tive fabric element for this major structure., These Fp
small folds are interpreted by the writer as paraaitic
folds on the major antiform, reflecting the non-cylindri-

| cal charaéter'pf the major structure. B, is nearly co-
incident with the # 8,- and/JVSo-axes for the entire
fold (Figure U43).

B2 rotates around the Quad Creek synform nose and
assumes a nearly horlzontal plunge in Sub-areas 1 and 2.

B2 agrees reasonably well with constructed/5¢sl-axes here.

Summary

gl-aubfabric:

The axes of isoclinal flow folds, Bl’ have been
folded by "similar" F, folds in migmatites and granitic
gnelsggses throughouﬁ the Quad-Wyoming=-Line Creeks area.
Therefore, By is dispersed into a partial great circle
which generally trends perpendicular to the S,-plane.
Slightly "concentric® F, folds have deformed By at
Stations 3, i, 5, 9, 10 and 12, where the rocks are
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Figure 43 . Synoptlc Bo and So dlagram for
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relatively non-ductile quartzites. The Bl-girdle is a
curvi-planar surface intermediate between a partial small
circle girdle and a partial great circle girdle, suggest=
ing that F, folds are intermediate between "similar" and
"concentric" styles (Ramsay, 1960, pp.75-=93) in these
non-ductile'rocka. Bl and BZ are generally parallel, the
greatest divergence being at Stations 11 and 12, B; con=-
verges on the major Quad Creek synform axis and rotates
around the nose. In contrast, Bl does not converge on
the Wyoming Creek antiform axis, nor does it shovnapy
slgnificant rotation in strike 1n the nose. The Bl-gir-

dle for the entire Wyoming Creek antiform is shown in
Figure 4O, |

gl-subfabric:

In 1is generally parallel to By, but nearly "concen~
tric" F2 folds have formed in the relatively non-ductile
'paraégmphibolite. Ll-girdles generally trend perpendi-
cular to the So-plane and the Bl-girdle, because the
nearly "concentric" Fo folds have dispersed L1 into par-
tial gifdles which more nearly approach amall clrcles
than great circles. The Ll-subfabric 1s dispersged by
agmatization, especlally in the east flank of the Quad
Creek synform. I, rotates around the Quad Creek synform

nose and converges on the major axial zone, whlle it only
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rotates around the Wyoming Creek antiform nose. Therefore,
the Ll-subfabnic mimics the Bl-subrabric when contrasting
mean ductllitles and F2 fold styles in para-amphibolite
and migmatites are considered, except at Station 10. The
two subfabrics are nearly identical at Stations 3, 4 and 5,
where Bl was measured in non-ductile quartzites and para-
amphibolites The wrlter concludes thﬁt the subfabrics are
similar here,because B; and L, measurements have been
derived from rocks with similar mean ductilities. The
F, folds appear to have formed through flexural flow at
these stations. The parallelism of I, and Bl suggests
synchronous development of these lineations,

Although measurements of skialith elongations are
sparse, the data suggest parallelism of these lineatiohg
with B1 and hornblende elongations, \It is, thorefofé,

concluded that skialiths assumed their orientation during

Fl fOldinso

L2 megsurements are from drawn-out green mlca and
biotlte aggregates. Although they are sparse, they are
nearly colncident with B,.

B _~subfabric:

<

B2 measurements are not avallable at stations where
F; and FZ are not separable and are scarce at the other

stations., However, the data are sufficlent to demonstrate
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rotation of 90° arcund the Quad Creek synform nose, In
contrast, By sﬁrike parallel to the Wyoming Creek antiform
axis, and Fo folds appear to be parasitically reslated to
the major antiform. As previously stated, By and Ly are
generally parallel with Ba, but the largest divergence in
strike is aspproximately 37 degrees at Station 12. The
difference in By and B, dips may be about 30° here. F,
and F, appear to be nearly coaxial at Stations 6, 7, 8,

9 and 10. Strikes are approximately parallel at Statlons
1, 2, 3, h4and 5, but the By-B, dip separation is about

35° when measured from the horizontale
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Interpretation of Fabric

Interpretation of the Quad-WyomingeLine Creeks tec=-
tonite 1s eslded by qualitative kinematic analysis. Detalled
quantitative kinematic and dynemic analyses are not within
the acope of the present study, since petrofabric data are
not presently avallable. Contrasting fold gecmetries in
rocks of different mean ductilities emphasize the importance
of rheologlical properties in the movement plcture. Con-
trasts of this type appear to be important in the present
area, Mesoscopic linear and planar penetrative fabriec
elements are used here for kinematic analysis, primarily
following the method developed by Ramsay (1960, pp.75=93).

Mueh confusion has arisen concerning interpretation
of Sanderts fabric axes (1948, 215pp.). Futile controver=
sles are stll) evident in the literature concerning a= and
b-lineations in the Caledonian rocks of Scandinavia and
Britain, Weiss (1959., p.26) believes that these contro-
versies have arisen primarily from a lack of appreciation
of fabric symmetry and from confusion of fabrie¢ axes with
kinematic axes., Therefore, Turner and Weiss (1963, p.l}00)
restrioct the use of kinematic axes &, b.and g to movement
plctures having monoclinic symmetry expressible in terms
of gliding upon a prominent structural discontinuity (an
s=surface). The following principles are emphasized for
purposes of clarity in the discusaslon to follow;
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(1) Kinematic a and b lie in the axial plane; ¢ 1is
perpendicular to the ab plane,

(2) Kinematic b corresponds to the B-fold axls in
purely flexural slip folding but may be at any
angle to B in passive slip, passive flow and

flexural folding. Therefore, B= and constructed

A -axes generally do not parallel kinematic h.

(3) "Similar" folding disperses earlier rectilinear
lineations along a partial great circle girdle
which contains the a direction (Ramsay, 1960,
P.89; Turner and Weiss, 1963, pp.}82-483).
Orientation of this partial great circle is
controlled by the direction of a and the initial
orientation of the earlier lineatlions., Since &
1s included in the axial plane, a is defined by
the intersection of the axial plane and the |
partial great circle girdle. Klnematic b lles
90° from a in the axial plane, and ¢ is perpen-
dicular to the ab plane. Deforméd lineations
are rotated towards a (Ramsay, 1960, Figs. 17,
18, and 19). |

The Quad~Wyoming-Line Creek area has been divided into
two sub=-domains on the basis of fabric symmetry; the Quad
Creek synform displays triclinic symmetry, whereas the
Wyoming Creek antiform is monoclinlic. Kinematic analysis
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1s restricted here to the latter area. The general style
of the antiform is similar, especlally when viewed by the

2
Styles in rocks poaéessing different mean ductllitles,

"down-plunge method". Small F, folds show contrasting
Similar F2 folds are prevalent in the ductile layers,
such as migmatites and micaceous schists, while nearly
concentric F2 folds have developed in relatively non-
ductile quartzites and para-amphibolite. Deformation of
B1 by both similar and concentric Fy folds is reflected in
the B,-subfabric patterns in Sub-areas 3, i, and 5, B1
and B, are nearly parallel in Sub-areas 3 and l, whereas
the Bl‘LBz is about 30° with respect to strike in Sub-area
Se B1 appears to have been nearly horizontal here prior
to F, folding. It must be emphasized that B, and B, are
not distinguished in Sub-area 3 and in only part of Sub-
area l.

Two nearly perpendicular Bl-girdles are suggested in
Sub-areas 3, lj, and 5, Ramsay!s method of locating & is
restricted to earlier lineatlons deformed by similar folds.
The N-S trending Bl-girdles are due to deformation of B

1l
by similar F_ folds, since B, and Ba are nearly coincident

in Sub-area823 and 4. This :irdle is poorly defined in
-Sub-ares 5, where F2 folds are nearly concentric, The
generally E-W trending Bl-girdles in these Sub~areas are
believed by the writer to be due to concentric F, folding

of By 1n relatively non-ductile quartzites and para=amphie
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bolites. Block rotation during agmatlzation may be par-
tially responsible for these Bl-girdlas. The N-S trending
Bl-girdle for the entire Wyoming Creek antiform has been
plotted on Figure Ll with the Sz-plane. Accurate location
of the 3,-plane is difficult here, because amall F, folds
are not strictly cylindrical and plane (82, Map 3a, Sube
areas lj and 5). Therefore, the general trend of the major
axial surface has been plotted in Figure l4lis Location of
a in the SW implies transport in that direction. The
generally E-W trending Bj-girdle passes very close by fhe
constructed a. Bo=, j S1- and / So~axes are nearly coln-
cident with a. Casella (in press) obtained &, b, and ¢
orientations in the Line Creek synform similar to the
orimmtations constructed hare¢::for the Wyoming Creek antl=-
form. Drawn-out mica'aggregates, Ly, at Station 12 (Fig-
ure lj2) show a maximum plunging moderately S. Although
this attitude 13 slightly discordant with &, it provides
independent evidence for transport to the S or SW. The
significance of this movement picture will be considered
in more detail subsequent to a brief review of the Py and
F2 geometrical relations in the two major F

2
has not been used for kinematic analysis, since it is

fo:l.ds. Ill
folded by slightly concentric F, folds. Intersection of

the Sa-plane and the Ll-girdle would be 1n the SW also.
Studles by Professor Arle Ppldervaart and his stu-
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dents have defined a series of open folds plunging S to SW.
In the Lonesoms Mountain area (Larsen, Pgldervaart and
Kirchmayer, in preparafionx'mesoscopic and macroscoplc
fabric analysis have demonatrated monoclinic fabric sym-
metry and generally coincident/d’- and Be-axes. The lnle
tial fabric was appaéently homotactic here. No kinematic
analysis was conducted, and small fold axial planes were
not measured.

The present study clearly demonstrates the exlstence
of two fold sets in the Quad Creek dynform nose. Fl fold
axes, By, as woll as skialith and hornblende elongatlons,
rotate around the major synform nose and converge on the
‘axial zone, However, B2 also rotates around this nose,
but convergence in the axial zone 1s not pronounced.

These geometrical relations suggest that the Quad Creek
metanorite body has been a significant, but local, factor
in the deveiopment of these fold sets.

Field observation and statistical structural analysis
in the Wyoming Creek antiform have demonstrated refolding
of smallvFl folds by F, folds, However, no undoubted
large Fl folds have been found by the writer outside the
Wyoming Creek area, Addlitionally, neither By mor B2
rotate around the Wyomlng Creek antiform nose. In sig-

nificant contrast, L, _rotates around both major Fo fold

noses.
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Thererfore, geomefrical data are conflicting from the

sub-domains represented by the ﬁwo major Fo folds, Briefly

stated, two hypotheses appear to be feasible:

(1)

(2)

The~monoc11nic fabric dr the wyoming'Creek antl=-
form suggests that this is a B-tectonite produced
during one period of deformation. 1In this case,
the Quad Creek synform is an anomalous area,
since the fabric symmetry here is triclinic.
Therefore, the geometrical relations in the

Quad Creek synform nose are logically related

to the location of the metanorite body in the
major F, axial zone. However, rotation of Ll
around both F, noses is not in agreement with

the B-tectonite hypothesis.

Alternately, the entire Quad-Wyoming-ILine Creeks
area is a BA B! tectonite, In this hypothesis,
the metanorite body would have functioned as a
protecting block during granitization and, pos=-
sibly, shearing also. Paucity of large F; folds
in the Wyoming Creek antiform would be attributed
to extensive shearing of earlier Fy folds and in-
tense granitization. However, B; does nob rotate

around the Wyoming Creek antiform nose.

B-tectonite Hypothesis:

Rotatlon of L, around the Wyoming Creek antiform nose,
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as well as around the Quad Creek synform nose, presents a
very formidable objection to the B-tectonite hypothesis.
However, this hypothesis warrants conslideration here,
because it has been accepted generally by most workers in
the Beartooth Mountains, The facts that no large Fl folds
have been found in the Wyoming Creek antiform and that
small F, folds are generally passive flow folds lying in
the S -plane of ductile layers strongly support this hy-
pothesis. Additionally, Bl néither rotates around the

ma jor Fy antiform nor converges on the axial zone. The
mesoscoplic and macroscopic Sl-subfabrics show that F1 is
deformed by F, folds. These geometrical relatlons do not
'necessarily require that the Fl folds“be distinctly younger
than the F2 folds, becausg they may have developed syn-
chronously. Assuming the application of NW-SE directed
horizontal stresses to layers possessing high duetility
contrasts, flowage in the ductlile layers would inltlate
flexing in the rigid, non-ductile plates. In this'seﬁse,
the passive flow folds (Fl) would be older than the open,
nearly concentric F‘2 folds but part of the same sequence,
Continued unsteady flow might produce refolding about the
initial axis of folding (Wyme~Edwards, 1962, p.30). In-
tense refolding ahd aynchrdnous or later granitization
might explain the hook outcrop pattern developed on the
hand specimen scale in the migmatites in Sub-area 3,
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Kinematic & indicates that the direction of flow or trans-
port was towards the Wyoming Creek antiform nose, and the
following relations support thls concluﬁiun;
(1) Drawn-out mica aggregates, Lo, show a maximum
in the south,
(2) Agmatization is extensive in the mejor antiform
nose and | |

(3) Map 1 shows slight thickening of layers in this

- nose also.

Therefore, development of passive flow folds (Fl) would be
favored in the ductile layers confined between rigid quartz-
1te and para-amphibolite layers.

In this hypothesis, rotation of B; and B, around the
{

2
Quad Creek synform nose and the prominence of F folds

here are attributed directly to the presence of the metae
norite body in the major F2 synform axiel zone., This body
might have acted as a structural buttress during one phase
of deformation by flexural flow folding. The F; fold set
would then develop as a manifestation of local triaxial
strain. Although these local stresses would be primarily
north directed in the formation of the large south plunging
F2 fold, the overall stress distribution would probably be
radial from the metancrite body. Geometrical relations
suggest that the Fl folds and the hornblende and skiallth

elongations are older than the major Fy synform, although

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



138

the temporal hiatus may be small, Apparently, the meta-
norite body was emplaced synchronously with or prior to

Fo folding. The writer believes that the systematlic ro-
tation of L1 and B1 around the major F, nose argues egainst
synchronous intrusion of the metanorite. However, it is
feasible that buttressing agaihst this body under high
temperatures and pressures might prevent pronounced diver-
gence of these linear features during inﬁrugion of the

metanorite.

BAB!-Tectonite Hypothesis:

Superposition of two fold sets 1ls considered in some
detail in this discussion, because
(1) Hornblende lineations, Ll, rotate around both

ma jor F_ fold noses,

2

(2) Shearing which 1s apparently pre-granitization
in age has been demonstrated in the west flank
of the Quad Creek synform, and axial plane
follation (Sp) 1s extensively developed in the
east flank of the Quad Creek synform,

(3) The deformed small F, folds discussed in the
above hypothesis may be remnants of an earlier
fold set (Fl)’ and

(4) The deformational histories of surrounding Pre-

cambrian terrains, such as the northern Tgbacco
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Figure L5, Attitudes of primary L and By m&xima
in the Wyoming Creek antiforms
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Root Moumtdina, are complex with at least two
periods of deformation. Intense recrystalliza-
tion and granitization in the Lonesome Mountain
area (Larsen, Poldervaart and Kirchmayer, in
preparation) and the Bighorn Mountains may have
destroyed all mesoscopic evidence of an earller

fold aset.

The writer concludes that Iy is distinctly older than
the F2 folds, since it rotates around the major Fa folds
and is_dispersed into partial small circle girdles by
gmaller F2 folds on the mesoscoplc scale, Additlonally,
Casella (in press) has reported horizontal lineations in
the Line Creek synform nose., B, and L, are generally
parallel throughout the Quad-Wyoming-Line Creeks ares,
except in the Wyoming Creek antiform nose (Maps 2b and 3b).
Therefore, L1 lies in the So-plane without exception.
Coincidence of these linear elements appears to be more
than fortultous. Attltudes of primary L1 and 31 maxima
are plotted in Figure 45 for the Wyomlng Creek area.
‘Parallelism of the two lineations 1s evident, except‘in
the major antiform nose where they are nearly perpendi-
cular. Neither faulting nor block rotation during ag-
matization adequately explains the systematlic rotation
of L1 in the so-plano. Therefore, L1 appears to be an
earlier lineation deformed by F», folds, thus precluding
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Figure lj6. Slightly waerped, appressed F; fold from
the east flank of the Quad Creek synform,
Natural size.
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[
the possibility that the Wyoming Creek antiform is a simple

B=tectonite.

It is assumed in this hypothesis that all Fl folds are
representaﬁiva of an earlier fold set, which has been neare
ly destroyed by shearing and granitization throughout the
Wyoming and Line Creeks area but is preserved in the Quad

Creek area by the protecting metanorite body. Thls assump=-

tion 1s not necessary if I, is not correlated temporally
and genetically with the Fl folding. Although L1 may be
older than Fl’ pronounced pmrallélism of Ll and Bl seems

to render correlation of the two lineations as being very
plausible. This correlatlion requires
(1) Destruction of large F, fold hinges in the
Wyoming Creek antiform,
(2) General rotation of B, and S

1 1

ma jor F2 folds, except in the F2 antiform

through the

nose, and
(3) An adequate explanation for the attitude of
small Fy folds in the Wyoming Creek nose,

Reid (1963, p.294) has described early isoclinal
folding of Cherry céeek and Pony rocks in the northern
Tobacco Root Mountains, followed by two periods of mafic
dike intrusion and shearing parallel to the early axial
plane foliation. Hinge zones have been largely destroyed

by this shearing. The entire sequence was then deformed
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into broad, open N-S trending folds., However, these rocks
have not been subjected to the intense granitization which
is characteristic of the Beartooth Mountain Archean rocks.

 Pre-granitization shearing of F, folds has been demon-
strated in the west flank of the Qpa& Creek synform. Ad-
ditionally, the writer believes that the cross-bedding
reported (Casella, in press) in the Line Creek migmatites
is actually pregranitization shearing of earlier small
folds. Shearing of this type 1s only rarely observed.
However, this is probably due to the obscuring effect of
later recrystallizetion and granitization,

No axlial plane follastion has been observed in the Fl
foldse This planar element may have been destroyed by
later granitization also, 1f it ever existed. Axial plane
foliation (82) is commonly developed by biotite in migma-
tite and, occasionally, in quartzites. This later axial
plane foliation has transposed the earlier blotite S-
surface nearly completely in migmatites where Fy folds
are intensely appressed (Sub-area 3), Hook outerop pate-
terns characterize these areas. Fleld observations and
statistical structural analysis indicate that the 31‘-52
angle is small, Although this axial plane foliation (82)
has probably developed in quartzites, it is not readily
detectable megascopicallye.

The writer belleves that quartzites and para-amphie
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bolite have responded to axial plane refolding (Scotford,
1955, p.161lly) of isoclinal F, folds primarily by shearing.
Shearing prior to F2 folding may have destroyed Fl fold
hinges also. Complete rotation of the F1 folds would tend
to obscure these folds, pecause B1 and 32 are nearly parale-
lel. However, folds have been observed in Sub-areas 1 and
3 which the writer belleves are appressed Fl folds. The
smallest of these three folds is shown in Figure U6, and
its degree of appression 1s characteristic of the larger
folds in these areas, It is apparent that these structures
might go undetected unless the small hinge zones were ob=-
served directly. Therefore, the writer belleves that Fl
folds have been destroyed by shearing at a small angle

to the 8;~surface., Rotation of F, has obscured these
earlier folds also., There are no data to suggest the

wave length and amplitude of the Fl folds, but they were
apparently E=W trending,

One of the most formidable objections to the BA B!
hypothesis is the fact that B1 does not rotate around the
Wyoming Creek antiform nose. However, transport of materi-
al into this F, fold nose during refolding of F; and con=-
finement of ductile material between thick, rigid quartzite
and para-smphibolite layers may have produced rotation of
F, passive flow folds here. Knill and Knill (1958, pp.497-

510) have described rotated, "discordant®™ folds which are
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preserved as remnants only. Apparently, the non-ductile
layers would not react in this manner due to their greater
rigidity, Turner and Weiss (1963, p.501) point out that
small eerlier folds are occasionally rotated internally.
The So-subrabric prowvides additional evidence for
transportation of an earlier fabric through intense re-
folding and granitization., Although the Sy-subfabriec is
monoclinic on the macroscopic scale, it is generally tri-
clinic on the mesoscopic scale, In contrast, the meso=-
and macroscopic fabric symmetries are both monoclinic in
the Lonesome Mountain area (Larsen, Pgldervaart and Kirch-
mayer, in preparation). It is difficult to explain the
lower symmetry in the.Quad-Wyoming-Line Creeks tectonite
unless it i1s asgsumed that the original fabric has been
almost completely destroyed and is only detectable on the
mesoscoplc, and probably the microscopic, scales,
in the F, folds apparently

1l 2
requires that temperatures and pressures be malintalined at

Rotation of By» L1 and S

a level sufficlient to render the entire body relatively
moblle, Therefore, it appears that the two fold sets are
probably parts of one phase of deformation. However,
Turner and Welss (1963, p.501) suggest that the relative
sizes of earlier and later folds controls the survival

of the earlier fold set., As prevliously stated, there is
little evidence concerning the magnitude of the Fy folds.
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The E-W trending F1 synform in the Quad Creek area may

either be parasitically related to larger, but obscured,
F1 folds or represent the largest Fl
However, interdigiting tongues of granitic gneisses and

folds developed.

migmatites in the Quad Creek area (Eckelmann and Poider-
vaart, 1957, Plate 5) may indicate that the distribution
of these rocks might be directly related to refolding of
large, isoclinal F

folds by N=S trending F_ foldse

1 2
Mineralogical evidence also suggest F, snd F, folding
as one extended sequence during metamorphic differentia-
tion and granitization. Concentration of both feldapars
in the crests and troughs of Fl small folds 1s evident,
but this may be due to metamorphlc differentlation rather
than granitization. Biotite apparently developed prior
to F; folding, since it is folded by small F, flexures.
It also developed during F2 folding, forming 82 axial
rlane follation. Therefore, blotite appears to have
crystalllized prior to Fl folding and during F2 folding.
Hornblende elongations, Ll’ are generally parallel with
Fl fold axes, Bl’ suggesting hornblende crystallization
during the early stages of the sequence. Both feldspars
have formed in the Sz-plane, occaslonally developing pro=
nounced axial plane foliation. However, this is not
detectable on the scale of the two large folds.

Although the geometrical data are conflicting, the
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writer tentatively accepts the BA B! hypothesis, Additional
detalled structural analyslis, especially on the mlcroscopic
scale, will be necessary to test the validity of this hypothe«
sis on a reglonal scale, Relations of the metanorite body

to deformation, metamorphic differentiation, and granitiza-
tion are still problematical. The wrliter has stated evi=-
dence which may suggest pre-F2 folding emplacement. How=
ever, these data are far from being conclusive, Petro-
fabric analysis of the metanorite biotiﬁe and orthopy-

roxene may clarify this problem.
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Introduction

Appendices for penetrative fabric elements, Sy Sl’
Sp0 By» By |
dividual diagrams, as well as pertinent data. Summaries

s and L1 include detailed discusslons of ine-
are presented for each elomeht alsoe.

Poles to foliations have been plotted on lower
hemisphere equal area projections and contoured using
a Duschatko device (Duschatko, 1955). All possible /T =
circles and correaponding/;?-axes have heen constructed
and discussed on the facing page for each diagram, All
feagible lineation girdles are shown also. S, and B

2 2
data are uncontoured,

Mesoscopic structure stations homogeneous with
respect to a particular penetrative fabric element
have been combined to form sub-areas. These diagrams
are keyed to appropriate areas on Maps 2a, 2b, 3a, 3b
(Text)s Homogeneity and fabric symmetry are variable,
egpeclally in the so-subfabric. Emphasis 1s placed on
fold geometries, but fold mechanisms are also implied

and considered,
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So-subrabric

Mesoscoplc:

The mesoscoplc So-subfabric is complicated by over=-
printing of Fl and F2 fold sets., The symmetry ranges
from monoclinic to triclinic, the lowest order of symmetry

being in the major F_ fold noses. Measurements at the

structure statlons nimber from 22 to 92, and the areal
extent ranges from}about 17,000 to 100,000 square yards.
These are unusually large mesoscoplc domains, which ac=-
counts in part for their complexity. However; attempts
to ascertain homogeneity by subdividing these stations
has not simplified the S -subfabric significantly. Since
the Sl-subfabric possesses higher symmetry and is less
complex than the S,-subfabriec, emphasis in the geometrical
analysis of F, folds is placed on the Sq=-subfabric and
lineation subfabrics. Map 28 shows the so-subfabric
diagrans,

Macroscopic analysis of the So-subfabric does not

appear to be justified, since homogenelty has not been

obtained on the mesoscoplc scale,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



and plunging gently south.
l4). Superposition of fold sets.

Preferred Interpretation - Alternastive number h is pre=

ferred by the writer for the following reasons:

1). Refolded F, folds are suggested by the sl- and By~
subfabrics at this station. Superposition of F2
folds on Fl folds has produced broad, open warps
which generally trend perpendicular to the axlal
trend of the Quad Croek. synform., These may be
true F2 cross-folds or due to superposition only.

2)e Small isoclinal folds with appressed limbs and sharp
hinges have been observed in the field, The 7/°Sob
girdle may represent poles to s° in the hinge zone
of larger folds.

3)e Measured later fold axes (La) plunge gently south.

l)s No evidence supporting the existence of recumbent

folds has been found in the field at this station.
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STRUCTURE STATION 1 )

General Statement

Location - West flank of Quad Creek synform (Map 2a).
Areal Extent - Approximately 75,000 sq. yds.

Number of Measurements - Ll S, measurements.
Rock Types ~ Pink biotite migmatite, quartzite and para-
amphibolite.

Geologlist - L.C. Rowan.

Geometrical Analysis

Symmetry - Tricliniec.

Scale -~ Mesoscopic,.

Homogeneity - Inhomogeneous with respect to S,.
T S,=girdles - (a). N1OE, 20°W; (b). N78E, 70°W,
£3,=axe8 - (a). NBOW, 70°E; (b). S12E, 20°SE,
Reliabllity =~ (a)=Good 3 (b)=Poor. '

77808y ’Sob = Strike = 90 degrees; Dip - 50 degrees.

Fold Geometry - The S,-subfabric pattern suggests the

following fold geometries may be possible:

l). Open folds plunging steepiy east with nearly vertical
axial planes,

2). Recumbent folds plunging steeply east (Turner and
Weiss, 1963, p.161).

3)e Isoclinal, appressed folds overturned to the west
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of the above alternatives. The pattern very strongly
suggests a & S _-axis plunging gently S-SW. The 79 Sob-
girdle is too well defined to be considered a part of the
f* Soa-girdle. B, and the A Soa-axis agree closely
(Map 2a). Overprinting of the broad, open cross-folds,

&4 Sob-axis, is less pronounced at thls station than 1t
is at Station 1.
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STRUCTURE STATION 2

General Statement

Location - Northwest portion of Quad Creek synform nose
(Map 2a)e
Areal Extent - Approximately 20,000 sq. yds.

Number of Measurements - 37 S, measurements,

Rock Types - Quartzite, migmatites and para-smphibolite.

Geologist - L.C. Rowan.

Geometrlical Analysis

Symmetry - Monoclinlc.

Scale - Mesoscoplc,

Homogeneity - Nearly homogeneous with respect to So'
S =girdles - (a). NO7W, vertical ;. (b). N35E, 45°NW.

S . =axes - (a). S23W, horizontal;(b). S55E, l5°SE.
Reliabilggz - {a)=Good : (b)=Fair,
71:Soag7Sob - Strike - 78 degrees; Dip - 45 degreesa,

Fold Geometry - The S -subfabric pattern at Station 2 may

represént one of the following fold geometriles:

l). Folds plunging gently S-SW and overturned to the
wost. These folds would be nearly isoclinal.

2). Overprinting of folds sets F, and F,.

Preferred Interpretation = The wrlter prefers the second
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suggests F, folds which are slightly open and overturned
to the NE, This is in agreement with the sl-subfabric
and field observations here., The orientation of the
ﬂﬁsob-girdle suggests that theso few measurements were
derived from the south flank of the E«~W trending Fl
synform. However, these So meagurements may have come

!

from small Fl folds also.
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STRUCTURE STATION 3

General Statement

Location - Nose of the Quad Creek synform (Map 2a).
Areal Extent - 3,000 sqe. ydse.

Number of Measurements - 78 Se measurements,

Rock Types - Quartzites, migmatites and para-amphibolite.
Geologist = L.C. Rowan. |

Geometrical Analysis

Symmetry - Tirlinlc.

Scale - Mesoscopic.

Homogenelty =~ Inhomogeneous with respect to So’
S ~girdles - (a). N20E, 52°NW; (b). N8e, 55°SE.
£ S, =-axes - (a). STO0E, 38°SE; (b). N82W, 35°NW.
2 SoadZSop, - Strike - 12°; Dip = 73°
Reliability - (a)=Good ; (b)ePalr,

Fold Geometry - The triclinic symmetry at thls station

precludes the possibility of explaining this S, pattern
by one fold set. FField observations and other subfabric
data indicate that overprinting of F‘2 on Fl is very in-
tense in the Quad Creek synform nose.. The / Syq~-axis

is nearly éoincident with the Ba-a.xes (Map 2b) here,
while the & Spp-8xis 'agrees reasonably c¢losely with the
Bl-ma.ximum. Additionslly, the shape of the 7 S,,-girdle
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STRUCTURE STATION 3.
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Preferred Interpretation - Alternative number 2 is the

preferred interpretation of the S,-subfabric, because

l). Measurements of F1

non-plsne and non-cylindrical at this statlon. A

small folds show that they are

maximum of Fy fold axes (Bl) occurs at an attitude
which agrees closely with the A Soa-axis (Map 2b).

2)e The constructed,;fsl-axis plunges gently east and is
coincident with B2. Therefore, the axes of the fold
sets are only slightly oblique but have dlscordant
plunges. Superposition of these fold sets creates
gentle warping of the Fy fold axial surface, Sl'
This can be seen in the quartzlite outcrop pattern
in the area near this station (Map 1). Thé writer
proposes that the 7rSob-girdl§ results from warping
of earlier folds on the north limb of the larger E-W
trending F, synform (Map 1) by F
B, and &Sy |

3)e /fSob defines the trend of flexures caused by the

> folds wlth axes

above described overprinting and are not the result

of a separate phase or perlod of deformation.
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STRUCTURE STATION lj

General Statement

Location -~ Northeast portion of Quad Creek synform nose
(Map 2a).
Areal Extent - Approximately 17,000 sq. ydse.

Number of Measurements - 32 So measurements.

Rock Types = Para-amphlibolite and ultramafic bodles.
|

Geologlst - L.C. Rowan.

Geometrical Analysis

Symmetry - Tricliniec, nearly monoclinic,

Scale - Mesoscopice

Homogeneity - Nearly homogeneous with respect to So‘

'So=girdles - (a). N2W, 50°W ; (b). N4BW, 30°NE.
S -axes - (a). S88W, LOoW; (b). sk3w, 60°sw,
Reliability = (a)=Good ; (b)=Falir,

1 SoagtSob - Strike = L6 degrees; Dip - 20 degrees.

Fold Geometry - The pattern can be interpreted to repre=-

sent;

1), Nearly isoclinal folds, overturned to the north and
plunging moderately west, or |

2)+ Interference of a fold set with the geometry of

number 1 and a set which trends obliquely to number 1,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



STRUCTURE STATION 4.

32 S, Measurements
ContSur Intervals 1=-5-10%

//Sob -Qris
@

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12

1). Early fold axes, By, plunge dominantly west, although
they are folded (Map 2b). These folds are 1lsoclinal
and non=plane,

2)e B2 plunges gently east. These folds are non-isoclinal
and plane on the mesoscoplic scale, and the axlal sur-
face dips south (Map 2a).

The overall S -subfabric pattern is suggestive of alter-

native number 1, but the,d’Soa-axis is coincident with Boe

The form of the folds appears to be isoclinal, when it 1s

known from field observations that F_ folds are none=igo=-

2
clinal and overturned to the north. Therefore, 1t appears

that Fl and F2 are overprinted, giving the form of Fy and
the attitude of F2, as well as creating dispersion of the

maxima into 77'Sob- and 77-Soc=glrdles.
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STRUCTURE STATIONAE

General Statement

Location - Northeast portion of Quad Creek synform nose

(Map 2&)0

Areal Extent - Approximately 16,000 sq. yds.

Number of Measurements = 32 S° meaéurepents.

Rock Types = Quartzite and para-amphibolite.

Geologist = T,sCe ROwan,

Geometrical Analysis

Symmetry - Monoclinic = triclinlic in detall,

Scale - Mesoscopice.

Homogeneity - Nearly homogeneous with respect to S

o.
T So=girdles - (a). N3W, 70°W ; (b). N84E, 10°S; (c¢).N6E,15°W,

A S,-exed. . - (a). N8TE, 20°E; (b). N6W, 80°N ; (c).SB4E,75°E.
Reliability =- (a)-Good ~ (b)=Good (c)e Fain
1-Soal7Sob - Strike - 93 degrees; Dip - 60 degrees.

Fold Geometry - The following interpretations appear to

be possible;

1l). Nearly lsoclinal folds plunging gently east and over-
turned to the south,

2)e Superpoaition of folds sets F, and F2.

Preferred Interpretation - Consideration of other data at

- this station makes the second altermative the most feasible:
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Preferred Interpretation - Field and laboratory observa=-

tions suggest refolding in thls area, Complete homogen=
eity 1s therefore untenable. Overprinting of data renders
geometric analysis difficult, but two types of folds have
been obsefved:
(1) Appressed, isoclinal folds overturned to the
‘east. /57Sob may represent the axis of these
F2 folds.‘
(2) Open, broad folds which plunge steeply west
and appear to be younger than number l. These
later folds (F3) strike nearly perpendicular to
the Quad Creek synform and may be defined by
A~ Soa.
The writer concludes that F, folds have gently deformed the
earlier So-surracé. Great accuracy 1s not attached to the
/ Sob-axis, since overprinting has probably altered its
original position. Broad, open warps trending west may be
due to superposlition of F2 on F1 rather than being a dise-

tinet and later F2 erosg-fold set,
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STRUCTURE STATION 6

General Statement

Location -~ North portion of east flank of Quad Creek
synform (Map 2a).
Areel Extent - Approximately 35,000 sq. yds.

Number of Measurements - 18 So measurements.

Rock Types - Pink biotlte migmatite and para-amphibolite.
Geologlst « LeCe ROwan.

Geometrical Analysls

Symmetry - Orthorhombic, but monoclinic in detall.

Scale - Mesoscoplic.

Homogenelty - Inhomogeneous with respect to So when

congidered in detail,

TSo=girdles - (a). N1TE, 30°SE ; (b). N72W, 80°NE.

A3 -axes = (a). N73W, 6O°NW ; (b). S18W, 10°SW.
Reliability - (a)=Fair

(b). Fair,
I SoadrSob - Strike = 89 degrees; Dip = 50 degrees.
Fold Geometry - Consldering the pattern in general this

-e

could be a homogeneous sub-domain. However, the maximum
is dispersed sufficiently in the direction of the 7?'80-
girdles that superposition of fold sets should be cone

sidered,
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supported by the Bl-subrabric at this station (Map 2b).
overprinting is very slight but may indicate the presence
of a few broad, open folds (Fa) plunging steeply east.

The writer belleves that these gentle Fp cross-warps are
due to superposition of Fa on Fl’ rather than being a dise

tinct F2 fold sete.
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STRUCTURE STATION 7

General Statement

Loocation - East flank of Quad Creek synform (Map 2a).
Areal Extent ~ Approximately 60,000 sq. yds.

Number of Measurements ~ 22 s° measurements,.

Rock Types - Pink blotite migmatite and para~amphibolite.

Ggologists ~ Le.Ce Rowan and Richard Ellis.

Geometrical Analysils

Symmetry « Monoclinic.

Scale -~ Mesoscoplce

Homogenelty - Inhomogeneous with respect to So.

L So=girdles -~ (a). N70W, B4°NE ; (b). N16E, 35°SE.
S -axes - (a). 820w, 6°sW (b). N74w, 55°NW.

(b)s Fair.

77 8osff1Sob = Strike - 86 degrees; Dip - 49 degrees.

-e

Rellability - (a)=Good

we

Fold Geometry - The So-subfabric pattern suggests the

following alternatives;

1). Isoclinal, appressed folds plunging gently .sduth and
overturned to the easte

2)s Interference of fold sets F, and F,e

1
Preferred Interpretation = The well-defined 77 Soa=-girdle

suggests'tho exlstence of folds described by number 1 and
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observed in the field. Broad, open folds plunging west
have been observed and can be discerned on Map l. "Hook"
patterns (Carey, 1962, p.101) observed in hand specimens
indicate refolding of isoclinal folds (Fl) by later,
nearly isoclinal folds (Fé) plunging south, These folds
may be repregented at this station by the slight widening
of the maxima in a SW-NE direction. Note that the 77 So=
girdle in this diagram 1s rotated 28° west from the orien-
tation of the ﬂfso-girdle at Station 7.
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STRUCTURE STATION 8

General Statement

Location - West flank of Wyoming Creek antiform (Map 2a).
Areal Extent - Approximately 60,000 sq. yds.

Number of Measurements - 29 S, measurements.

Rock Types - Pink bilotite migmatite, para-amphibolite,
quartzite and agmatite,

Geologists - LeCe Rowan and Rlchard Ellis,

Geometrical Analysis

Symmetry = Monoclinic,

Scale - Mesoscoplce
Homogenelty - Inhomogeneous with respect to S,.
zz:So-glrdle - (a)o N'.I.ZW, 3SOMQ

gS,~axis - (a). S78W, 55°KE.
Reliability - (a)=Good,

Fold Geometry - The overall pattern suggests the presence
of folds plunging 55° to S78W. These folds are either

open or recumbent (Tﬁrner and Weiss, 1963, p.16l). The
secondary maximum near the center of the diagram may
indicate overprinting of folds, but a 7r Sob-girdle is
not justified.

Preferred Interpretation = No recumbent folds have been
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20
The writer prefers the latter alternative, since nearly

isoclinal older Fi folds have been observed in the field
striking N-S and plunging south and north.
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STRUCTURE STATION 9

General Statement

Location - Southwest portion of the Wyoming Creek anti-
form nose (Map 2a)e.

Areal Extent - Approximately 60,000 sq. yds.

Number of Measurements = 86 So measurements,
Rock Types - Pink migmatite; para-amphibolite, quartzite
and agmatite,

Geologlats ~ LeCe Rowan and Richard Ellis.

Geometrical Analysis

Symmetry - Triclinic,

Scale - lMesoscopice

Homogenelty - Inhomogeneous with respect to Sge
7S -girdle - (a). N57W, LO°NE.

£S -axis - (a). S33W, SOfSW.

Relliability - (a)=Good,

Fold Geametry = The S, -subfabric suggests F, folds over=
turned to the SE and plunging 50° to 333W. Note that the
MS,-girdle is rotated 45° W from the 7S ~girdle at Sta-
tion 8. The point maxima located near the great circle

with an E=-W strike may be due to the presence of measure-

ments taken from too large an area or to overprinting,
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ASoe-axls orientation is questionable. Note that the

/sl-a:ds and B, do not agree with the  Soa-axis at

2
this station but are nearly coincident with the ,& Sob-
axis, These facts and the low order of symmetry may be
due ’to interference of fold sets, Note the westward

rotation of the 77 Soa=girdle at this station from the
orlentation at Station 9, The E-W point maxima on the

great circle may be indicative of overprinting also.
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STRUCTURE STATION 10

General Statement

Location - Southeast portion of Wyoming Creek antiform
nose (Map 2a).
Areal Extent - Approximately 40,000 sq. yds.

Number of Measurements - 38 S, measurements.

Rock Types = Agmatite; quartzite and para-amphibolite.
Geologists - L.C. Rowan and Richard Ellis.

Geometrlcal Analysils

Symmetry - Tirclinlc,

Scale - Mesoscoplc,

Homogeneity - Inhomogeneous with respect to S .

778,~=girdles - (a).N28E,LO0°NW; (b).N87W,30°N; (c).ﬁ87w,75°N.
/~ So=axes - (8)+862E,50°SE; (b).S3W,60°SW; (c).S3W,15°S.
Reliablility - (a)=Good ; (b)=Fair s (c)=Poor.
77Soad.30b - Strike - 115 degrees; Dip = 10 degrees.

Fold Geometgy - The S -subfabric at this station strongly

indlcates the exlstence of;

1l). Folds plunging moderately SE and overturned NE, and
2)e Overprinting of data creating lower symmetry and
inhomogenelty with respect to Sge

Preferred Interpretation -~ The writer accepts the fold

form suggested by the S ~subfabric pattern (1), but the
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Preferred Interpretation - Disperslon of the S,-poles

along the rrso-girdle appears too pronounced to make
alternative 3 acceptable, and no field evidence sup=-
ports alternative 2, Note that the # Soa-axis from this
station and Station 10 are nearly coincident and that
overturning NE is indicated in both sub-domains. No
overprinting of fold sets im indicated at this station,
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STRUCTURE STATION 11

General Statement

Location = South flank of the Wyoming Creek antiform
(Map 2a),
Areal Extent - Approximately lj0,000 sq. yds.

Number of Measurements = 32 S, measurements.,

Rock Types = Pink bilotite migmatite, agmatite, quartzite
and para-amphibolite. '
Geologists ~ I..C. Rowan and Richard Ellis.

Geometrical Analysis

Symmetry .= Orthorhomblc.

Scale = Mesoscopic,

Homogenelty - Homogeneous with respect to S,.
77S ~girdle = (a). NY1E, 30°NW,

S -axes = (a). SL9E, 60°SE,
Reliability - (a)=Goode

Fold Geometry = The following interpretations are feasible
explanations for this S, pattern,

1). Open folds plunging moderately (60°) SE and overturned
E. |

2)e Recumbent folds plunging 60° SE.

3)e 8, is subeplanar and no folds are represented.
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alternative 2 and many folds described by alternative 1
have been observed and mapped in the field, tbe writer
selects alternative 1 with confidence. The A8 -axis
agrees relatively closely with the & Sl' and 32 axes

here.
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STRUCTURE STATION 12

General Statement

Location - Eastern portion of the Wyoming Creek antle
form south flank (Map 2a).
Areal Extent - Approximately 100,000 sq. yds.

Number of Measurements - 92 3o measurements,

Rock Types - Quartzites, para-amphibolité, migmatites

and micaceous schists,

Geologlsts « LeCe Rowane.

Geometrical Analysls

Symmetry - Monoclinic.

Scale - Mesoscoplce

Homogeneity =~ Homogeneous with respect to Sj,.
TS,=girdle - (a). N85E, 25°N,

£S ~axis - (a). S5E, 65°8,

Reliability =~ (a)=Good.

Fold Ggometry - The well-defined girdle and the single
diapersed girdle suggest either;

l). Open folds plunging steeply south with vertical
axlal planes, or

2)+ Recumbent folds plunging steeply south (Turner and
Weiss, 1963, p.1l6l1).

Preferred Interpretation - Since no evidence supports
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SUMMARY

8 =subfabric - The S -subfabric is complicated by over-
printing of F2 on Fl and generally has triclinlic asym-
metry. It defines /?So-axes which correspond roughly to
Bp and «#8;-axes at Stations 11 and 12, where F; has been
observed on the scale of small folds only. Constructed
A#8,-axes in the flanks of the Quad Creek synform gener-
ally define steeply plunging cross-folds related to the
ma jor synform. However, the writer belleves that these
cross~warps are not a distinct fold set but are manifese
tations of FZ-F1 superposition. Warpling of this type
has been observed in the E=W trending Fl synform in Quad
Creek (Map 1l). /4¢S°-axes which plunge in the direction
-of B, only approximate the actual B2 attitude. Most of
the S, measurements at Stations 1, 6 and 7 are from mig-
matites in which refolding is intense and 8o axlial plane
foliation is evident. The So-subfabric patterns at these
stations reflect these relations, |

Fy and F2 folds exlst on the small and large scales
in the Quad Creek synform nose, so that the S, -subfabric
1s very complex here, /f’so-axes generally agree roughly
with B,- and /#'S)-axes. The patterns at Stations l and
5 substantiate the existence of the F, synform in this

area, The So-suhfabric has not been treated on the macro-
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scopic scale, except in the Wyoming Creek antiform.
Figure 29 shows the & S -axis and 778 _-girdle for this
ma jor fold. / S,~s B,~, and & S,-axes agree rather:
closely. Therefore, the So—subfabric 1s homogeneous

on the macroscopic scale but not on the mesoscopic

scale,
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APFENDIX 1II
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Sl-subfabric

Mesoscopl.c:

Axlal planes, Sl, of amall, isoclinal Fl folds have

been measured at all 12 structure stations., Measurements
nunber from 13 to L43. The Sl-subfabric is particularly
significant in the geometric analysls, because it is not

affected by overprinting of Fy and F2

scale, These measurements are belleved to be accurate,

on the mesoscoplc

since 8y is easily ascertained in lsoclinal Fq folds.
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folds. 8, data are dispersed rather widely along the

Trsl-girdles. This may be due to broad, opéen F_ crosse

2
folds which plunge steeply east or to the apparent non-

cylindrical nature of small and large F, foldse
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STRUCTURE STATION 1

General Statement

Location - Weat flank of the Quad Creek synform (Map 2a).
Areal Extent - Approximately 16,000 sq. yds.

Number of Measurements - 30 8, measurements.

Rock Types - Pink biotite migmatite, quartzite and para=
amphibolite,

Geologists - L.Ce Rowan and C.E, Larsen.

Geonmetrical Analysis

Sysmetry - Monoclinic,

Scale - Mesoscopic.

Homogeneity - Homogeneous with respect to S;.

7t 8y=girdles - (a). N4SE, 20°E ;3 (b). N32E, 20°NW.

/£3,-axes - (a). NySW, 70°NW; (b). SSBE, T0°E.

Rellabllity =~ (a)=Good ;5 (b)=Good,

T84Sy, - Strike = 13 degrees; Dip = 140 degrees
(from the horizontal plane).

Fold Geometry - The S;-subfabric pattern indicates that

S, has been folded by tightly appressed similar folds
(FZ) which are slightly overturned to the west. B2
strikes S=-SW, but the plunge cannot be defined. There-

fore, the1v-sl-girdles define the limbs of these F2
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30 S1 Measurements
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3l

alternative, Refolded F1 folds at this station have B,
plungling gently south. The /"Slb-axis agrees clogely
with B, and the & Sob-axis. However, the 7TS)g-girdle
does not show a simple, homogeneous geometrical relatlion=-
ship with the 7t Sla=-girdle. This relationship may be |

due to insufficlent S1 data or slightly disharmonioan
folding here,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



35

STRUCTURE STATION 2

General Statement

Location - Northwest portion of the Quad Creek synform
nose (Map 2a).

Areal Extent - Approximately 2,000 sq. ydse.

- Number of Measurements - 18 S1 measurements.

“Rock Types =~ Quartzites, migmatites and para-amphibolites.
Geologlsts = Le.C. Rowan and C.E. Larsen,

Geometrical Analysis

Symmetry = Triclinic, nearly monoclinic,

Scale = Mesoscoplc.

Homogeneity = Inhomogeneous with respect to Sqe
ZASy-girdles - (a). N~S, 30°W ; (b). N8B4E, 70°N,
28 ~axes - (a). E-W, 60°E ; (b). S6E, 20°s,
Rgliabllity - (a)=Good

(b ) =004,
708, AILS1p, - Strike - 8l degrees; Dip - 4O degrees.
Fold Geometry - The Sl-subfabric pattern suggests the

“e

following interpretatlons:

1). Isocliral, appressed Fp folds, plunglng gently south
and overturned west.

2). Interference of fold sets F, and Fse

Preferred Interpretation - The writer prefers the second
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v 3). F2 folds are non-cylindricael and non-plane,
I})o F, fold style and orientation are strongly influenced
by rock typee.

Preferred Interpretation: The writer prefers the fourth

altefnative, because a systematic varlation has been de-
tected in measurements taken in migmatites and quartze
ites. The proximity of the metanorite body may also be

a significant factor. The ,d’Slb-axis agrees closely
with B, (Fig. 2b) and the &S, ,-axls (Fige. 2a). Note
that the'/?Sl-axes at this station have rotated approxi-
mately 90 degrees from the orientation of tha,d’sl-axes
at Stations 1 and 2, B, and S, data are sparse, but they

2 2
do not suggest that F2 folds are non-cylindrical or non-

plane,
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STRUCTURE STATION 3

General Statement

Location = Central portlon of Quad Creek synform nose

(Map 2a).

PN

Areal Extent - Approximately 5,000 sq. yds.

Number of Measurementa = 20 Sl measurements.

Rock Types = Quartzites, para-amphibolite and granitic

gnelsses,

Geologlsts - L.C. Rowan and C.E. Larsen.

Geometrical Anelysls

Symmetry - Tirclinic.

Scale = Mesoscopic._

Homogenelty - Inhomogeneous wlth respect to Sj.
7t Sy=girdles - (a). N6TE, 25°NW ; (b). NLW, 75°W.
g5 -axes - (a). S23E, 65°SE ; (b). N76E, 15°E.

Reliability - (a)=Good

-e

(b)=Good,.
I0S1ea2t S5y, = Strike - 71 degrees; Dip - 50 degrees.
Fold Geometry = The S;-subfabric at this station suggests

we

relatively open F, folds plunging SE and overturned to the

NE. The definition of two ﬂ"Sl-girdles may be due to:

1).vSuperposition of fold sets F; and FZ’
2). Areal extent of the structure statlon 1s too large.
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26 S Measurements
N Contour:Intervals 1-5-10%
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STRUCTURE STATION L

General Statement

Location -~ Northeast portion of Quad Creek synform nose

(Map 2a).

Areal Extent = Approximately'l,ooo 8q. ydse.

Number of Meagsurements =~ 22 poles to Sl‘

Rock Types - Para-amphibolite and ultramafic bodies.

Ggologlsts = LeC. Rowan and C.E. Larsen.

Geometrical Analysis

Symmetry - Monoclinic,

Scale - Mesoscoplce

Homogenelty = Homogeneous with respect to S

1.
7 81=girdls - (a). N22E, 50°NW,
Afgl-axis - (a). S68E, LO°SE.

Reliabllity - (a)=Good.

Fold Ggometry - The S;-subfabric suggeﬁts reasonably open
folds (FZ) overturned to the NE and plunging moderately
S-SE (Turner and Weiss, 1963, p.161). Note that there is

no indication of overprinting, and no alternative geometry

is suggested,
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22 S, Measurements
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STRUCTURE STATION §

General Statement

Location =~ Northeast portion of Quad Creek synform nose
(Map 2a)e.
Areal Extent - Approximately 250 sq. yds.

Number of Measurements = 21 S1 megsurements,

Rock Types - Quartzites.

Geologlsts = Le.Ce. Rowan and C.E, Larsen,

Geometrical Analysis

Symmetry = Monoclinic.

Scale =~ Mesoscoplce

Homogenelity = Homogeneous with respect to S
LS, =girdle - (a), N14w, vertical,
éi§1:35£g - (a). ST6E, horizontal,
Reliability - (a)=Good.

l.

Fold Geometry = S, appears to be folded by Fo flexures
which have;

1l). A nearly horizontal axis, B,

2). and are overturned to the NE (See Map 2a, 32). This
geometry 1s in agreemenf with the orismtation of Fy
folds observed in the field. Note that &S~ and B,=

axes are nearly coincldent at this station (Map 2b)e.
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STRUCTURE STATION 5.

21 Sy Measurements
N Contour Intervals 1=5-10%
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2)e Same geometry as (1) above but the F, folds are

slightly non-cylindrical and non-plane,

Preferred Interpretation: The second alternative is pre-

ferred by the writer, since broad, open folds (F2) have
been observed in the field. However, these appear to be
very gentle cross-folds, and the slight dispersion of the
maxima may be the only effect of this later fold set,

The dominance of the folds (F,) described in number 1
above is apparent to the writer., However, it is diffi-
cult to detérmine the F2 plunge, since the appressed
style of folding does not develop the IT Slc-girdle
fully. The cross=warps may be due only to F2 folds
belng slightly non-cylindrical and non-plene as a mani-

festation of triaxial straine )
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STRUCTURE STATION 6

General Statement

Location - North portlon of Quad Creek synform east flank
(Map 2a). _
Areal Extent - Approximately 23,000 sq. yds.

Number of Measurements - 35 Sl and 32 measurements,

Rock Types = fink blotite migmatite and para-amphibolite,

Geologlsts -~ L.C. Rowan and C.E. Larsen,

Geometrical Analxsis.

Symmetry - Monoclinic.

Scale - Mesoscoplce

Homogeneity = Hgomogeneous with respect to Slo

L S1=girdles - (a)e NSE, 25°E ; (b). NBE, horizontal.
éiglzgggg - (a). NB2W, 65°W; (b). S82E, vertical.
Reliabllity =~ (a)=Good ;s (b)=Good,

2£§¢4£1E§1b - Strike - O degrees; Dip = 25 degrees.
Fold Gecmetry - This pattern 1s very similer to t he S;-

subfabric pattern at Station 1, The following interpre=-

tations are feasible;

1l). Appressed, isoclinal FZ folds plunge moderately S and

are slightly overturned to the E,
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35 81 and S2 Measurements
N Contour Interval: 1=5-10-15%
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Preferred Interpretation : The writer accepts the third

alternative because F2 folds with this geometry have been
observed by the writer in the fleld. Additionslly, "hook™
.(Carey, 1962, p.1l0l) outerop patterns are common in these
migmatites. Alt?ough very open, .broad cross-warps are
-auggested by mapping here (Map 1), these may be due to
" the slightly nbn-cjiindrical nature of small and large

F2 folds. The So-subfabric suggests folds described by

(3) above,

[N
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STRUCTURE STATION 7

General Statement

Location « East flank of Quad Creek synform (Map 2a).-
Areal Extent - Approximately 6,000 sq. yds.

Number of Measurements - 26 S1 and 82 measurements.

Rock Types = Pink blotlite migmatite and para-amphibolite,.

Geologlists - L.C. Rowan and C.E. Larsen.

Geometrical Analysis

Symmetry - Monoclinice. ~

Scale - Mesoscoplce

Homogeneity - Homogeneous with respect to S
28,-girdle - (a). N22ZE, 25°SE,.

A3 -axis - (a). N6BW, TO°SE.

Rgliabllity =~ (a)=Good.

10

Fold Geometry - This S,-subfabric pattern indicates the

F2 fold geometry is characteristic of;
l), Open folds plunging steeply NW with vertical axial

planes, or

2). Recumbent folds plunging steeply NW (Turner and
Weiss, 1963, p.1l61),

3). F2 folds are highly appressed and overturned to the

east in the S,-plane,
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26 S, and S, Measurements .
N Contdur Int&rvali 1-5-10-15%
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STRUCTURE STATION 8

General Statement

Location - West flank of Wyoming Creek antiform (Map 2a).
Areal Extent - Approximately 6,000 sq. ydse

Number of Measurements = 13 Sl and So meagurements.

Rock Types = Pink biotite migmatlite, para-amphlbolite,

quartzite and agmatite.
Geologlists = L.C. Rowan and C.E. Larsen.

Geometrical Analysls

Symmetry = Monoclinlc.

Scale - Mesoscoplc,

Homogeneity = Homogeneous with respect to S

1.
Jt=girdles and & S,=8xes - No 7~ S,-girdles or ~ Sy =

" axes have been constructed due to the sparseness of the
data. The pattern 1s simlilar to the Sy-subfabrlc pattern
at this statlon, and similar interpretations seem plausie
ble., Note that the S, -maximum has rotated west at this

1l
station from the position at Station 7.
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13 S3 and S, Measurements
Uncontoured
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1). Open folds plunging steeply W énd slightly overturned
to the N,

2)e Appréssed, isoclinal folds plunging gently S and
overturned to the E,

3). Superposition of fold sets Fl’ F2 and F2 cross-folds,

Preferred Interpretation = Alternative 3 1s preferred by

the writer, B; and B, (Map 2b) appear to be nearly paral-
lel at this station, and no fold axes form a maximum which
would agree with the & S, -axis, The most acceptable

interpretation is folding of S, by later folds (Fz) pos=

sessing the characteristics deicribed in number 2 above,
/A?Slb‘ and B,-axes are not coincldent at this station.
It is difficult to construct the & S, -axis with confi=-
dence due to the folding style of Foe As previously
mentioned, the Favcross-folds are probably due to super=

position of F2 on Fl folds, Additionally, F2 appears to

be non=cylindrical and none-plane at Stations 10 and 12,
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STRUCTURE STATION 9

General Statement

Location = Southwest portion of the Wyoming Creek antie
form nose (Map 2a)e.

Areal Extent = Approximately 1l,000 sq. yds.

Number of Measurements - 43 Sy and S, measurements.

Rock Types - Pink migmatite, para-amphibolite, quartz=

ites and agmatites

Geologlgts = LeCe Rowan and C.E. Larsen,

Geometrical Analysls

Syymetry = Tireclinic, nearly monoclinic,

Scale - Mesoscopic,

Homogeneity -~ Nearly homogeneous with respect to Sl'
zt§1-girdles - (a). N5E, 20°E ; (b), N85w, T70°N,
AZSy-axes - (a). NB5W, 70°W; (b). S5W, 20°S.
Reliabllity = (a)-Good 3 (b)=Poors

281 &TTSyy, = Strike = 90 degrees; Dip - 50 degrees.

Fold Geometry -~ The overall Sl-subfabric pattern suggests

open folds (Turner and Weiss, 1963, p.1l6l) plunging steeply
W and 6verturned slightly to the N, However, the IT'Slb-
girdle 1s significant when other data are ccnsidered.

The followlng geometrical interpretations are available;
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43 Sy and S, Measurements
Contour Intérvals 1-5-10-15%
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Preferred Interpretation: The writer concludes that Sl is

folded abhout axes (BZ) which plunge moderately SW, ,because
the ./fsla-azis agrees closely with B, (Map 2b) at this
station. Fleld observations indicate that these folds are
relatively open. Ngote that /”So-axes do not colncide
with the ,6ﬂsl-axes. F2 cross~folds may be indicated by
the S,-subfabric (Map 2a). However, these cross-warps may
be a manifestation of triaxial stralin in F2 folding rather
than superpositlion of later or synchronous cross-=folds,.

Therefore, the subscript (2) is used,
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STRUCTURE STATION 10

General Statement

Location - Southeast portlon of Wyaming Creek antiform
nose (Map 2a).

Areal Extent - Approximately 16,000 sq. yds.

Number of Measurements « 23 S1 measurements,.

Rock Types - Agmatite, quartzites and para-amphibolite,

Geologists = L.Ce Rowan and C.E. Larsen,

Geometrlcal Analysis

Symmetry - Tirclinlec,

Scale - Mesoscopice.

Homogenelty - Nearly homogeneous with respect to S
LS, =girdles - (a). Ny1w, LO°NE ; (b). N88w, T0°N,
AZSy=axes - (a). S49W, 50°3W ; (b). S2w, 20°s,
Reliabllity =~ (a&)=Good (b)=Fair,

JL 81 g&TSyy, = Strike = L7 degrees; Dip = 30 degrees.

Fold Geometry - The following geometrical interpretations

1.

L] we

L 13

deserve consideration;

1), Open fold plunging moderately SW and overturned
slightly to the NW.

2)+ Superposition of fold sets; Fi» Fz, and F2 crossg-
folds,
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. 23 S1 Measursements
N Contdur Interval: 1=5-10-15%
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that there 1s approximately 50 degrees divergence in
strike between & S,~- and & S;-axes at this station.
The two / -axes plunge at about the same angle,
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STRUCTURE STATION 11

General Statement

Location = South flank of the Wyoming Creek antiform
(Map 2a). |
Areal Extent - Approximately 66,000 sq. yds.

Number of Measurements = 16 S1 measurements.

Rock @zpps = Pink biotite migmatite, agmatite, quartzlte

and para-amphibolite.

Geologists - L.C. Rowan and C.,E. Larsen.

Ggometricel Analysis

Symnetry - Monoclinic,

Scale - Mesoscoplc.

Homogeneity = Homogeneous with respect to Sj.
IT S, =glrdle - (a). N84W, 30°N.

Z8,-axis =~ (a). SOW, 60°s,

Reliabllity - (a)=Good.

Fold Geometry « The Sl-aubfabrie pattern indicates folde

ing of Sl by open F2 folds or recumbent F2 folds which

plunge steeply S. The open folds would be slightly over=-
turned to the SE,

Preferred Interpretation: The writer belleves that these

later folds are open, since there is no evidence supporte

Ing the exlstence of recumbent folds at this station,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



STRUCTURE STATION 1l.

16 S; Measurements
N Contour Intervals 1-10-18%
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no other evidence is indicative of recumbent folds.
These later fo;ds (F,) appear to be slightly overturned
to the NW., Map 2a with respect to SZ’ and the symmetry
of the 3;=-subfabric suggest that these later folds are
non-cylindrical in this sub-domain., This may be due to
very gentle warping later than S,. Note that the & ;-
axis agrees closely with B2 (Map 2b) and reasonably well
with the ,4f§o-axis. |
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STRUCTURE STATION 12

.General Statement

Location - Eastern portion of the Wyoming Creek antiform
gouth flank (Map 2a).
Areal Extenx - Approximately 100,000 sq. yds.

Number of Measurements - 33 sl measurements,

Rock Types = Quartzite, para-amphibolite, migmatlites and

micaceous schists,

Geologlats -~ LeCe Rowan and C.E. Larsen,

Geometrical Analysis

Symmetry - Nearly monoclinic,

Scale - Mesoscoplc,

Homogeneity - Nearly homogeneous with respect to S;.
I Sy=girdle - (a). N6OW, 35°NE.

S -axis - (a). 330W, 55°SW.

Rgliabllity =~ (a)=Good,

Fold Geometry = The Sl-pattern suggests refolding of S1
by F2 folds which plunge steeply SW and are eilther

1), open,'or

2)s recumbent (Turner and Welss, 1963, p.16l),

Preferred Interpretation; The writer has observed rela-

tively open folds (FZ) folding S, at this 'station, and
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33 S, Measurements
Contdur Interval: 1-5-10-15%
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Macroscopic Scale:

Treatment of the Sl-subrabric on the macroscoplc
scale has been conducted by combining structure stations
homogeneous with respect to sl into subareas. Six sub=
areas have been constructed in thls manner and are keyed
to the appropriate subareas on Map 3a. Measurements
number from 18 to 117. The symmetry for the individual
subareas 1s generally monoclinic, Homogenelty ls slightly
groater in the Wyoming Creek antiform than in the Quad
Creek synforme. In general, S1 is not a penetrative fabe
ric element-for the two major folds, because it rotates
around the major noses (Turner and Weiss, 1963, ppelli-

151).
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cross=folds. .These folds are suggested by the S - and Sq=
subfabrics on the mesoscopic scale here., However, they
may be the non-cylindfical nature of small and large Fs
folds due to triaxlal strain,
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SUBAREA 1

General Statement

Location - West flank of Quad Creek synform, including
Structure Stations 1 and 2 (Map 3a).
Areal Extent = 0,1 square miles,

Number of Measurements - 51 sl measurements,

Rock Types - Migmatites,

Geologlsts =~ I,,.C. Rowan and C.E, Larsen,

Geometrlcal Analysis

Symmetry - Nearly Monoclinic,

Scale = Macroscopic,

Homogenelty - Nearly homogeneous with respect to S

1.
st_l-girdles = (a).N=S,30°%; (b).N1OE,20°E; (c).N87w,80°N,
ﬁl-axes - (a)+.E-W,60°E; (b).NBOW,70°W; (c).S3W,10°8.
Reliabllity = (a)=Good s (b)=Fair ; (c)=Fair,

H

Fold Geometry ~ This subfabric pattern is characteristic

of appressed, isoclinal folds (F2>) which are slightly
overturned to the W, The 78Sy~ and 7¢ 8qp-girdles de-
fine the limbs of the F"2 folds which contain Sl. Although
it 1s difficult to construct a /Sl-axis from a diagram
with these features, the & 81 c-8x1s agrees quite well with
Bse - The dispersion of the}t'sla-girdle 1s believed by the

writer to be due to slight warping by the broad, open F2
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51 S, Measurements
Contdur Interval: 1-4-8%
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SUBAREA 2

Geriaxal, Statement

Location - Nose of Quad Creek synform, including Structure
Stations 3, li, and 5 (Map 3a).
Areal Extent - 0008 square miles,

Number. of Measurements - 75 sl measurements,

Rock Types - Quartzites, para~-emphibolite and migmatites,

Geologlists « LeCe Rowsn and'C.E. Larsen,

Geometrical Analysis

Symmetry - Monoclinic.

Scale - Macroscopice

Homogenelty -~ Homogeneous with respect to 81.
- Sy=girdle - (a). N4SE, LO°NW.

Z28,=axls - (a). Si5E, 50°SE.

Reliability - (a)=Good.

Pold Geometry = This Sj-subfabric indicates that S, is
deformed by non-isoclinal, relatively open F2 folds which

are overturned to the NE (Turner and Weiss, 1963, p.161)

and plunge 50° to SLSE. Note that,/fsl- agrees reasonably
well with the B2-axes.
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75 Sy Measurements
 Contour Intervals 1=-4-8%
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SUBAREA

General Statement

Location - West flank of the Quad Creek synform, include-
ing Structure Stations 6, 7 and 8 (Map 3a).
Areal Extent = 0,60 square miles.

Number of Measurements - 89 S, and S, measurements.,

Rock Types - Pink blotite migmatite,

Geologists - L..Ce Rowan and C.E. Larsen,

Geometrical Analysls

Symmetry - Generally monoellnlc,

Scale - Macroscoplce.

Homogenelity = Homogeneous with respect to Sl‘
2rS,~girdles - (a). NolE, 28°E ; (b). NSBW, 55°NE.
28 -axes - (a). NB9W, 62°W ; (b). S32W, 35°SW.
Relliability = (&)=Good. (b)=Good.

“s

ve

Fold Ggometry - This Sl-subfabric suggests that 8

1 is fold-
ed by appressed nearly isoclinal foldsv(FZ) which are
slightly overturned to the E~SE(Turner and Welss, 1963,
pP.161). 8, and S, are not separable at this station.
Therefore, the maximum may be a reflection of 82 poles.

The writer bellieves that the 7rsla-girdle is a result of
very open, broad F2 crogs=~folds which may be due to super-

position of F2 on Fp or the non-cylindrical characber of

Fy foldse.
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Station 9. S, (Map 2a) suggests slight warping which is
later than F, or non-cylindrical Fa folds dup to triaxi
strein, This folding may be defined by the A 8, -axis in

this subarea.
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SUBAREA 4

General Statement

Location - Nose of Wyomlng Creek antiform, including
Structure Stations 9 and 10 (Map 38).
Areal Extent = 0.2 square miles,

Number of Measurements = 67 S1 and 82 (Station 9) measure-

ments,

Rock Types = Pink biotite migmatite, quartzites and paraw
amphibolite.

Ggologists - L,.C, Rdwan end C.E. Larsen.

Geometrical Analysls

Symmetry - Generally monoclinlc,

Scale - Macroscoplc.

Homogenelty - Nearly homogeneous with respect to Sl‘

e

XS -girdles - (a). NBOW, Lh°NE ; (b). N2E, 18°E.
28 -axes - (a). S1OW, Lbosw ; (b). NBBW, T2°W,
Reliability =~ (a)=Good

(b )-Fair.

L 1)

Fold Geometry - This Sl-subfabric suggests deformation of

S84 by F2 folds which are non-%soclinal and overturned to
the E. (Turner end Welss, 1963, p.161), The constructed
,Afsla-axis agrees with Bse Thb very intense maximum may
be due to the fact that some S5 measuréments are included

in this diagram, Fq and F2 are not separable at Structure
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N 67 Sy and S2 Measurements
Contour Interval:
l=4«8~12=16%
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(1) 82 forms an 1ll-defined girdle, (2) this is also
defined at Subarea L (Map 3a) and (3) is characteristic
of the major folds in the area (Text Figure l.).
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General Statement

Location - South flank of the Wyoming Creek antiform, in-
cluding Structure Stations 1l and 12 (Map 3a),
Areal Extent ~ 0.3 square mlles.

Number of Measurements = 57 S1 megaurement s.

Rock Types -~ Migmatites, quartzites, mica schists.

Geologists - L.C. Rowan and C.E. Larsen,

Geometrical Analysls

Symmetry - Generally monoclinic.

Scale - Macroscoplc.

Homogenelty - Nearly homogeneous with respect to Sye
Ir8;=girdles - (a). N82W, 35°N ; (b). NOW, 60°E.

Afgl-axea - (a). S8W, 55°8
Reliability =~ (a)=Good

(b)e S82W, 30°W.
(b)=Fair,

e

Fold Geometry - This S_-subfabric suggests F

1 2
folds with nearly vertical axial planes (SZ)' Overturming

are open

very gently to the E 1s suggested by direct 82 measure-
ments (Map 2a), Note that B~ and,A?Sla-axes are nearly
coincident (Map 3b). The 77" Sy,-glirdle may be due to (1)
F‘3 warping which 1s gentle, or (a) inhomogeneous F2 deforme

ation, The writer prefers the second alternative, because
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57 S7 Measurements
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SUMMARY

Sy-subfabric - The S,-subfabric has been especially use-

ful in determining the Fz fold geometry. Open F2 folds
are demonstrated by the Sl-subfabric in the southeast
flank of the Wyoming Creek antiform, where non-ductile
"quartzites and para-amphibolite dominate., SW plunging,
asymmetrical F, folds are defined in the nose of the

major antiform, S, and 82 are not separated in the east

1
flank of the Quad Creek synform. However, south plunging,

1soclinal, nearly symmetrical F, folds are defined at

2
Station 6, This pattern is poorly developed at Stations
7, 8 and 9, The dominant rock types at these stations
are migmatites., The writer belleves that F2 folds fold
S1 at these stations, but that they are appressed and
overturned in the plane of Sqe The macroscopic sl-sub-
fabric demonstrates the interpréted F2 fold geometry

in this area., Additionally, the presence of highly
ductile migmatites appears to be an influential factor
in Fy fold style. In general, F

2
appressed and "similar" in migmatites and granitic

folds are slightly

gnelsses, while they are generally open and partially

., Fflexural in non-ductile guartzites (Figure 21) and parea=-
amphibolite., Although cross-flexures related to the
ma jor synform are suggested at Stations 1, 2, 6, 7, 8
and 9, the writer bellieves that these broad, open warps

are manifestations of refolding. /3’Sl-axes at Stations
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6, 10, 11 and 12, as well as in Subareas 3, 4 and 5,
are closely coincident with By-axes. Figure 30 shows
the,/ﬂsl-axis for the entire Wyoming Creek antifomm,
The S;-subfabric 1s homogeneous on the macroscoplc
scale, and the mesoscoplic subfabric is significantly
more homogeneous than the So-subfabric.

The S,=-subfabrlc at Statlon 1 is slmllar to the
Station 6 pattern. F, folds which are relatively open
and are overturned to the N-NE dominate in the Quad
Creek synform nose. The constructed & s,-axes agree
closely with measured Ba-axes. /f’sl-axes rotate
around the Quad Creek synform nose, while little rota=
tion is noted in the Wyoming Creek antiform.
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Sa-subfabric

Mesoscoplc:

S, measurements are not numerous at any of the 12
structure statlons, because Fl and 32 small folds are
frequently very simllar in style. As previously men-
tioned, Fy and F2 are not dlstinguishable at Structure

Stations 6, 7, 8, 9 and 11, Nearly all of the S, mea-

2
surements were taken from F2 folds showing refolding at

Stations 2, 3 and 5. Sz-subfabric symnetry ranges from

axial to monoclinic,
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STRUCTURE STATION 2

General Statement

Location - Northwest portion of Quad Creek synform nose
(Map 3a).
Areal Extent - Approximately 2,000 square yards.

Number of Measurements = 6 82 measurements from samples
showing refolding.
Rock Types - Migmatlites and quartzites.

Gedlogists - L.C, Rowan and C.E. Larsen.

Geometrical Analysls

Symmetry - Monoclinlc,

Scale - Mesoscoplc.

Homogeneity = Homogeneous with respect to S
LS =girdle - (a)e NBE, 25°W.

éz§2:5§££ - (a). 8821, 65°E,

Reliabillty -~ (a)=Good conslidering the number of points.

2.

Fold Geometry =~ All S, measurements have been made on

oriented ssmples showling folding of 31 about B2 wlth 82
as later (Fz) axial planes. Although the data are sparse,
the 7T S,~girdle seems to be well justified. Open folds
‘plunging steeply E are defined by the 7T So-girdle. Note
that the S - and S;-subfabrics suggest the existence of
these gentle, open F2 cross=folds also. These folds may

be due to triaxial strain during Fy folding,.
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STRUCTURE STATION 3

General Statement

tocation - Nose of the Quad Creek synform (Map 3a).
Areal Extent - Approximately 3,000 square yards,.

Number of Measurements - 3 52 measurements,

‘Rock Types - Migmatites and quartzites,

Geologists - L.C. Rowan and C.E. Larsen.

Geometrical Analysis

Symmetry - Axial,

Scale - Mesoscoplce

‘Homqgeneity - Homogeneous with respect to 82.
Maximum - (a)., N8W, 57°N,

Remarks ~ S, is homogeneous on this scale, and F2 is over=
turned to the north,
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3 Sg Measurements
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STRUCTURE STATION 5

General Statement

Location - Northeast portion of the Quad Creek synform
nose (Map 3a).

Areal Extent =~ Approximately 250 square yards,

Number of Measurements = 6 8o measurements, 3 of which are

from oriented samples showing refolding.
Rock Type = Quartzites.

Geologlistas - L.C. Rowan and C.E. Larsen.

Geometrical Analysis

Sxﬂetr! - ij-atl .

Scale - Mesoscopice

Homogenelty - Homogeneous with regpect to 82

Maximum - (a). N=S, 20°N.

Remarks = Sp, 1is homogeheous on this scale. F, folds are

nearly recumbent to the north,
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STRUCTURE STATION 10

General Statement

Location = Southeast portion of Wyoming Creek antifomm
(Map 2a).

Areal Extent - Approximately 16,000 square yards,

Number of Measurements = 8 82 measurements,

Rock Types - Migmatites, quartzltes and agmatite,

Geologists = L.C. Rowan and C,E. Larsen,

Geometrical Analysils

Symmetry - Monocliniec,

Scale = Mesoscopic,

Homogeneity = Homogeneous with respect to SZ’
ﬂsa-g;irdle - (&) N22W, 30°NE.

A8 -axis - (a). S68W, 60°sW.

Reliability = (a)=Good, considering the small number of

82 measurements,

Fold Geometry - The warpling of 82 is very gentle, 82

may be deformed by folds later than F> or may be charac-
teristic of the larger F, folds. Text figure l shows

the variable trend of major folds. Since no folds later
than F, have been identified in the field at this station,
the writer belleves the varlable S, trend 1s e reflection

of the non-cylindricel mejor flexures.
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STRUCTURE STATION 12

General Statement

Location - South flank of the Wyoming Creek antiform
(Map 2a).

Areal Extent - Approximately 100,000 square yards.

Number of Measurements - 17 Sz measurements,

~ Rock Types - Quartzites, para-amphibolite and micaceous

achists,

Geologlsts - L.C. Rowan and C.E. Larsen.

Geometrlical Analysls

Symmetry - Monoclinic,

Scale -~ Mesoscopice

Homogenelty - Homogeneous wlth respect to 82.

718 -girdle - (a)s N43W, 50°NE.
[

£So=axis ~ (a). sh7w, Lo°osw,
Reliability - (a). Good.

Remarks -« The pattern at thls statlion 1s similar to the
Sa-subfabric at number 10, and the writer appllies remarks

concerning that sub-domaln to this structure station.
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Macroscopic{

Three macroscoplc subareas have been constructed
by combining stations homogeneoug with respect to Ss.
Although S1 and 32 are not separated at Structure
Stations 6, 7, 8 and 9, these stations are included
in Subarea 3. The pattern at these stations suggests
S, orlentations similar to the attitude at Stations

10 and 12. Map 3a shows the subareas and correspone

ding uncontoured diagrams.
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SUBAREA 1

General Statement

This subarea is equivalent to Structure Station 2,
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SUBAREA 2

General Statement

Location - Nose of Quad Creek synform (Map 3a).
Areal Extent - Approximately 0,08 square miles.

Number of Measurements « 9 S, measurements, 3 of which

were taken from specimens showlng refolding of Fy
b'y' Fao
Rock Types - Quartzite, migmatites and para-amphibolite,

Geologists - L.C. Rowan and C.E, Larsen.

Geometrical Analysis

Symmetry - Axial,

Scale - Macroscoplce

Homogeneity - Homogeneous with respect to Soe
Maximm - (a). N1OW, 60°NW,

Fold Geometry - In general, a point maximum is formed by

the Sy poles. The greatest dispersion 1s in the dip of

the planes, This may be due to the prxcmity of the meta=
norite body.
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SUBAREA

General Statement

Location = Wyoming Creek antiform (Map 3a).
Areal Extent - Approximately 1.1 square miles.

Number of Measurements = 25 S, measurements.

Rock Types - Pink migmatite, quartzites and para-amphi-
beollte,

Geologlasts ~ L.Ce Rowan and C.E. Larsen.

Geometrical Analysls

Symmetry - Monoclinic.

Scale - Macroscoplc,

Homogenelty -~ Homogeneous with respect to S

.

ﬁa-girdle - Does not seem justified, but vzvould agree
with the Station 12 Trsz-girdle.

Z3p =axis - See above.

Reliabllity ~ Poor.

Fold Geometry - S,, as well as B,, show that F, folds are
slightly non-cylindrical and non-plane, However, 77‘82-
girdles are poorly defined. This F2 geometry may be due
to slight triaxial strain during F2 folding in the Wyoming

Creek antiform or to a deformation later than F‘2.
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SUMMARY

Spzsubfabric - S, measurements are sparse at most statlons
and are absent in areas where F, and F, have not been sep-
arated., Although S, 1is somewhat dispersed 1in Subarea 3,
the subfabric does not suggest rotation aréund the Wyo-
ming Creek antiform nose, The writer believes that these
F2 folds are parasitically relaped to the large SW plung-
ing antiform. The dlspersion of 82 data is attributed to
triaxial strain, rather than to a later deformation.

82 rotates around the Quad Creek synform nose,
suggesting that this major fold is younger than F2 folds,
However, the buttressing effect of the metanorite body is
believed to have produced sufficient north directed stress
to cause this local change in orientation of small Fo
folds. 52 18 nearly recumbent to the north at Station
5. This is believed to be due to buttressing of the
metanorite and not to lntrusion of the body. However,
the'/fél-axis probably gpproximates the true Quad Creek
synform axial attitude (Fig. 32).

Axial plene foliation (82) has developed locally,
especlally in migmatites of the Quad Creek synform
flanks, It has not been detected in the qﬁartzites here,
but is well illustrated in quartzites from the Quad Creek

synform nose (Fige 19)e The SpA S0 angle does not appear
to exceed l0°=l15°,
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Bl-subfabric

Mesoscoplce:

By measurements are fold axes and hinge lines of
small, lsoclinal Fl folds, numbering from 13 at Station
8 to 36 at Sgatlion 12. Contoured diagrams are keyed to
the corresponding structure stations on Map 2b, It must
be emphasized that both By and 32 measurements are in-
cluded at Structure Stations 6, 7, 8 and 9, since F, and

Fy are not separated in these sub-domalins.
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(1) folding of B, by later "concentric" folds (F3),

(2)e B, being non-rectilinear prior to F2’ or

(3)e Fo folds are dominantly "similar" but some are
relatively "concentric",

Preferred Interpretation - Although alternative 2 is

difficult to discount, the following points appear to
indicate a small deviatlion from rectillnearlity;
(a)e L, and Bl show nearly parallel orientations at
most of the other structure stations (4, 5, 6,
7, 8, 9 and 12),
(b)e The Bl-subfabric pattern is very consistent with
| regpect to girdle types and does not suggest a

random orientatlon of B, prior to F_ foldling.

The most acceptable interpretation is oni which come

bines alternatives 1 and 3, since

(a). although F, is dominantly "similar' at this
station, a few folds (Fé) have been observed
in the field which were somewhat "concentric! and

(b). open folds (Fa) plunging steeply east are suge
gested by the S -subfabric (Map 2a)s However,
these cross-warps may be due to superposition
of F2 on Fl’ rather than being a distinet fold
set. S, date are dispersed at thils station,
suggesting that F2 folds are noﬁ-cylindrical

and none~plane, This may be a manifestation of

triaxial strain or an F. deformation.

3
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STRUCTURE STATION 1

General Statement

Location - West flank of Quad Creek synform (Map 2b).
Areal Extent - Approximatéiy 50,000 sq. yds.

Number of Measurements - 30 B1 measurementa,

Rock Types = Pink blotite migmatite and bilotite schist,

Ggologlsts =~ L;C. Rowan and C.E. Larsen.

Geometrical Analysls

Symmetry = Generally monoclinic - triclinic in detall,

Scale ~ Mesoscopice

Homogeneity - Nearly homogeneous with respect to Bye
By-girdle - (a)s N18W, 80°NE. |
Reliability=(a)=Fair,

Maximum -(8).NSE, TO°N,

Fold Geometry - Ramsay (1960, PP«75=93) has shown that

earlier, rectilinear lineations are deformed into pare

tial small circles on equal area projections by "con-
centric" folds. "Similar" folding disperses these
lineations linto pértial great circles. The great
circle Bl-girdle is prominent, suggesting folding
(Fz) of B1 by nearly "similar" folds. Deviation from
the constructed Bl-girdle may be explalned bj
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30 B1 Measurements
Contour Interval: 1-5-10%
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80

Folding of By by both nearly "concentric®" and "similar"

folds (F,) which plunge gently south or north (Map 2b,

Bo)e B, are rectilinear prior to Foe
Gentle warping of B, and B2 by nearly "concentric" F2
l-girdle)o

S, (Map 2a) suggests the existence of very opén F,

folds also, The origin of these folds is somewhat

folds plunging steeply east (See Map 2a, 7T S

problematical. They may be due to triaxial straln
during F, folding or to a later deformation. The

writer prefers the former alternative,
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STRUCTURE STATION 2

General Statement

Location - Northeast portion of Quad Creek nose (Map 2b).
Areal Extent - Approximately 1000 sq yds.

Number of Measurements -~ 20 Bﬂ measurements,

Rock Types = Pink migmaetites and para-amphibolite,

Goologlsts - L.Ce Rowan and Ce.E. Larsen.

Gaometrical Analysis

Symmetry -~ Monoclinice

Scale - Mesoscoplc,

Homogeneity - Homogeneous with respect to Bqe
By=girdle - (a). NOE, 70°E.

Reliability- (a). Fair,

Maxims - (a). N25E, LB°NE ; (b). S6E, 58°S,.

Pold Geometry = The By-girdle is not well-defined, and

there 1s a suggestion of dispersion of Bi into a curvi-
planar surface which approaches a small circle. For this
reason, F2 appears to be transitional between "concentric"
end "similer" folds (Ramsay, 1960, p.92), or folds of both
types exist. Later (Fa) "concentric" folds may explain the
suggested amell circle girdles also.

Preferred Interpretation - The writer prefers the followlng

interpretatlion;
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STRUCTURE STATION 2.

20 B] Measurements
Contour Interval: 1-5-10%
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Preferred Interpretation - The writer prefers the F2 geomet- -

ry outlined above 1ln alternative 2 because,
1l). Although Fz‘is generally "concentric!" in the less
ductile quartzites, it is "similar" in the migmatites.

2)e Alternative 1 is discounted, since B; and L, are

1
nearly coincldent at most of the other gtructure

stations (i, 5, 6, 7, 8, 9 and 12),
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STRUCTURE STATION 3

General Statement

Location - Nose of Quad Creek synform (Map 2b).
Areal Extent - Approximately 1000 sq. ydse.

Number of Measurements = 27 B1 meagsurements,

Rock Types - Quartzites and migmatites.
Geologists - L.C. Rowan and C.E. Larsen.

Geometrical Analysis.

Symmetry - Neaply monoclinic; tirclinic in detall,

Scale - Mesoscoplc.

Homogeneity - Nearly hamogéneous with respect to Bl‘

B =girdle = (a). N30W, 20°SW; small circle suggestgd also.
Reliability- (a)e. Good.

Maxima - (a). S84w, 20°w; (b). S38W, 30°8W,

Fold Geometry = The partial small circle suggests folding

of B, by nearly "concentric" folds (Remsay, 1960, p.76=77).
The angle B2 (Map 2b) Bl i1s not constant; therefore, F2
cannot be truly "concentric" (Ramsay, 1960, p.77)e Devi-
ation from the partial small circle may be due toj;

1. B1 was not rectilinear prior to F,, or

2). F, 18 both "similar" and "concentrlic" (Remsay, 1960,

Pe92).
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27 By Measuremsnts
N Contour Interval: 1-5=10%
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lt) Maxima plunge moderately west, whereas they plunge
dominantly N=-NE at Stations 1 and 2.

These geometric features suggest that B1 has been deformed
by nearly "concentric®" folds (FZ). However, number 2
precludes the possiblility that these F2

"concentric" (Ramsay, 1960, pp.76=77). Deviations of

folds are truly

B, from a partial small circle or a great circle may be

explalned by

(1)e F, being both "similar" and "concentric™ in this
sub=-domain (Ramsay, 1960, p.92, Table no.5), or

(2). By being non-rectilinear prior to F,_, folding.

2
" Preferred Interpretation - The writer prefers alternative

1, because F2 folds are frequently "concentric" and "simi-
lar" in these rock types. Although the rocks are domi-
nantly para-amphlibolite, some layers appear to be more
ductile than others. The writer belleves that is due to

mineraloglcal differences,
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STRUCTURE STATION I

General Statement

Location - Northeast portion of Quad Creek synform nose.
(Map 2b).

Areal Extent = Approximately 1000 sq. ydse

Number of Measurements - 20 Bl megsurementse.
Rock Type = Para-amphibolite,.

Geologlists -~ L.C. Rowan and C.,E, Larsen,

Geometrlical Analysis

Symmetry - Monoclinic.

Scale - Mesoscoplce

Homogenelty - Homogeneous with respect to Bye

B,=girdle =~ (a). N20W, 45°SW - small circle B;-girdle
suggested also

Rellabllity~ (a)s Goode

Maximum - (a), NBOW, LO°onw,

Fold Geometry = Several features are important regarding
F2 fold geometry at this station and numbers 3 and 5;
1l). B1 is not rectilinear on the mesoscopic scale,

2)e ByA B, 13 not constant,

3)e A partial small circle girdle is strongly suggested,

and
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20 B1 Measurements
Contour Interval: 1l=5=9=13=17%
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linear in this relatively small sub~domain. Since F2 is

lmown by field observations to be more nearly "concentric"
then "similar® in style, the writer concludes that B; 1s
folded in a few instances (Text Figure 23) by folds (Fz)
possessing a slightly "concentric" shape.
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STRUCTURE STATION

General Statement

Location - Northeast portion of the Quad Creek synform
nose (Map 2b).
Areal Extent - Approximately 100 sq. yds.

Number of Measurements - 22 Bl meﬁsurements.

Rock Types = Quartzites.

-Geologists - L,C., Rowan and C,E., Larsen.

Geometrical Analysls

Symmetry - Monoclinlc,

Scale -~ Mesoscopice

Homogenelty - Homogeneous with respect to Bl.

B,-girdle - (a). N18E, Loonw,
Reliabllity- (a)=Good.
Maximum - (a). N75W, L2oNw.

Fold Geometry - Although a'great circle Bl-girdle has been

constructed, the pattern approaches a partial cone (pare
tial small circle in projection). Ramsay (1960, p.77)
has shown that this 1s characteristic of flexural folding.

However, the maximum 1s quite intense, and the girdle is
relatively incomplete.

Preferred Interpretation = B, appears to be nearly recti=
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22 B4 Measurements '
Contour Interval: 1=-5=-10%
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2)e B, and B, are nearly parallel at these stations,
although B, apparently pPlunges more steeply south

than Bl'

3). Fl and F2 are highly appressed at these stations. Fl

is nearly destroyed in many cases, belng expressed only
as "hook"™ and "crescent" patterns (Carey, 1962, p.l0l).
The pattern suggests the followling posslble fold geometries;

1

2). B, 1s folded by "similar" folds (F,) developing & By=

girdle trending N-S and dipping nearly vertically. The

1)e B, 1s folded by nearly "concentric" folds (FZ)'-

dispefsion of B1 into the partial small clircles may be
due to;
8)e B, was not rectilinear prior to F,, or
b). later "concentric" cross-folds (Fz).
Preferred Interpretation - Since no F,. "concentric" folds

2
have been observed ln the field, and there 1s a suggestion

of a N-S partial great circle, the first alternative is not
accepted by the writer, The existence of F2 "gimilapr®
folds at thls statlion is supported by the Sl- and So-sub-
fabric. Later "concentrie" cross-folds (F2) probably cor-
respond to the,AV Soa~axls at this station, dispersing B,
into partial small circles (b)e. These gentle, open crosse
warps are probably dus to triaxial strain during Fy folding.
Note that By and B, show about 90 degrees rotation from
Stations 3, li and 5 to this station and that B; dips domi-

nantly S, probably at a low angle,
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STRUCTURE STATION 6

General Statement

Location ~ North portion of east flank of Quad Creek
synform (Map 2b).
Areal Extent - Approximately 1500 sq. ydse

Nunber of Measurements - 42 B1 and B2 measurements,

Rock Types = Pink bilotite migmatite,

Geologists - L.C. Rowan and C.E. Larsen.

Geometrical Analysis

Symmetry - Generally monoclinic; tiriclinic in detall.

Scale - Mesoscopic.

Homogenelty - Inhomogeneous with respect to Bl and B2.
B,=girdle - (a). N38W, LO°ow.
Reliability =(a)=Fair,

Maximum - (a)e. S21W, 3liosw.

Fold Geometry = The B;=-subfabric is complex at this sta=

tion and resembles the patterns at other staﬁions located

in the Quad Creek synform flanks., It must be emphasized

that By and B, are notiseparablo at Stations 6, 7, 8 and

9 becausej

1) F, and F, are "similar" folds at these stations, so
that no distinction based on fold style 1s applicable.
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42 B, and Bo Measurements
Contdur Interval: 1-5-10-15%
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Preferred Interpretation - Alternative (b) i1s preferred

by the writer, because open (Fa) folds are suggested by
the So- and Sl-subfabrics at this station. Field obser=
vations do not suggest that F, folds are "econcentrich at

this station,
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STRUCTURE STATION 7

General Statement

Locetion = Bast Quad Creek synform (Map 2b).
Areal Extent = Approximately 6,000 sq. yds.

Number of Measurements = 25 Bl and B2 meggurements,

Rock Types = Plnk blotite migmatite.

Geologists -~ L.Ce Rowan and C.E. Larsen,

Geometrical Analysis

Symmetry - Monoeclinic,

Scale = Mesoscoplce

Homogeneity - Homogeneous with respect to B1 and BZ'
gl-girdle - (a)e N12E, 75°W,

Reliabllity- (a). Good.

Maximum - (a)e S20W, 15°SW.

Fold Geometry ~ This Bj=-subfabric pattern suggests folding

of By by "similar" folds (Fa) dispersing By into a rela-
tively complete gfeat circle. The slight dispersion of B

1
into partial small circle girdles may be attributed to

either;

(a). By belng non-rectilinear prior to F2, or

(b)e deformation of Bi by late.(Fp) "concentric" cross=
folds,
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25 By and Bp Measurements
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STRUCTURE STATION 8

( .

Location - West flank of the Wyoming Creek antiform
(Map 2b),.

Areal Extent - Approximately 6,000 sq. yds.

Number of Measurements = 13 Bl and 32 meésurements.

Rock Types = Pink biotite migmatite,

Geologlsts = L.Ce Rowan and C.E. Larsen,

Geometrical Analysls

Symmetry ~ Monoclinic,
Scale =~ Mesoscoplc,
Homogenelty = Homogeneous with respect to By and B

El-SiI‘dlB - (a). N"S, 75°Wo
Relligbility= (a)=Fair,

20

Maximum -~ (a)s Mgderately to S-sW.

Fold Geometry - The sparse data suggest a N-S glrdle

dipping steeply west. The overall pattern is similar
to the By=-patterns at Stations 6, 7 and $ and a similar
interpretation appears to be justified,
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13 By and By Measurements'
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These folds (Fl) do not appear to be small folds

related to the Wyoming Creek antlform because,

1), The corresponding axial planes, Sl’ have been folded
(Map 2a),

2)e By is dispersed into a great circle girdle, and

3)e The trend of the Wyoming Creek antiform is N25°E,
which does not correspond to the By maximum at this

station.

The dlspersion of B,y into a partial small circle
girdle appears to be due to eithef;
(1). F2 cross~-folding of Bl
(2)e coaxial folding of Bl by Fa(about B2) (Clifford,

19609 Pe377, Fig. 9-D9).

in a "concentric" manner, or

Preferred Interpretation - No F2 cross-folds have been

definitely ldentified at this station. Coaxial folding of
Fl by F2 folds is an adequate explanation. B2 and‘/fél-
axes coincide reasonably well at this station. F2 folds
are not ideally "concentric" and are nearly "similar"
frequently, Therefore, deveiopment of a well-defined

partial great clrcle B _=girdle 1s to be anticlpated.

1l
For the same reason, the partial small circle wlll be
poorly defined, 8Some of the dispersion may be due to the

non=cylindrical nature of F_, folds,

2
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STRUCTURE STATION 9

General Statement

Location -« Southwest portion of Wyoming Creek antifomm
nose (Map 2b).
Areal Extent - Approximately 1l,000 sq. ydse

Number of Measurements - l} B, and B, measurements.

Rock Types - Pink blotite migmatite, para-amphibollte and

quartzites.

Geologlists - L,eCe Rowan and C.E. Larsen,

Geometrlcal Analysis

Symmetry - Monoeclinic,

Scale = Mesoscopice

Homogenelty = Homogeneous with respect to B1 and B2.
Ql-girdle - (a). N5W, 80°w,
Reliability - (a).Goods

Maximum - (a)e S6W, 65°8,

Fold Geometry - The prominént maximum probably defines F2
folds axes (Bp) which have not been separated fram By at
this stationes The Bl-girdle is well-defined and indicates
folding of B, by Tsimilar® folds (FZ)' Bl and 32 appear
to be nearly coaxial., The Bl-girdle shows about 5 degrees
rotation from Station 8 to this station.
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44 By and B2 Measurements
Contour Interval: 1=5-10~15-20%
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nearly coaxial at Station 10 (Clifford, 1960, p.377,
Fig. 9=D9)o

The pattern at this station suggests dispersion of
B, into a plane approachingva’partial small circle. This
indicates that F, is somewhat "concentric" (Ramsay, 1960,
PPe75=93), but "similar" F, folds have been observed here
alsoe No folds later than F, have been identified in the

field at thls structure gtatlone
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STRUCTURE STATION 10

General Statement

Locatlion « Southeast portion of Wyomlng Creek antiform
nose (Map 2b).
Areal Extent - Approximately 16,000 sqe. ydse

Number of Measurements = 23 Bl measurements,

Rock Types - Quartzlites and pink biotlte migmatite,

Geologlsts = LCe Rowan and C.E. Larsens

Geometrical Analysis

Symmetry = Triclinlic.

Scale -~ Mesoscoplce

Homogeneity - Inhomogeneous with respect to Bl.
Bi=girdle - (a). N1OW, 70°W,

Reliability=(a). Fair,

Maxima = (a). S35E, S54°SE; (b). S2w, 34°S.

Fold Geometry - This B,=-subfabric pattern resembles the

patterns at Stations 6, 7, 8 and 9., Although the 1ll-
defined Bj=-girdle has rotated about 10° from Station 8
to this station, Bl does not show the complete rotation
around the nose of the major antiform as it does in the
Quad Creek synform, B1 does not diverge from this major
axial zone as anticipated from the pattern at Stations

1, 2, 3, 4 and 5, Map 2a suggests that B, and By are

+
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3)e By was not similarly oriented at these stationﬁ,tprior
to F2. Note that B; and B, are nearly parallei‘at
Stations 9, 10 and 12, '

I)o B1 attainpd its orlentation at Station 10 by internal
rotation of ] due to transport of plastic materlal
into the antiform nose during F, folding.

Preferred Interpretation -« No evidence supports the exlsw

tence of faults between these stations. On the other hand,
agnatization 1s extensive in these sub-domains but does

not seem adequate to explain 90° rotation. This relatione~
ship may be explained by passive flow Fl folding in duetile
layers between rigid quartzite and para-amphibolite plates
if the area is assumed to be a B-tectonite. However, Lj
rotates around thls major F2 antiform nose and appears to
be genetlcally and temporally related to By« Therefore,
the writer concludes that F; folds have been internally
rotated in the antiform nose during F, flexural flow
foldinge.
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STRUCTURE STATION 11

General Statement

Location - South flank of Wyoming Creek antiform (Map 2b).
Aresl Extent - Approximately 66,000 sq. yds.

Number of Meaéﬁrements - 21 Bl.and B2,measurements.

Rock Types = Pink biotite migmatite, micaceous schists and

para-amphibolite,

Geologists - I,,C, Rowan and C.,E. Larsen.

Geometrical Analyslis

Symmetry = Triclinic, nearly monoclinic.

Scale - Mesoscoplce

Homogeneity - Inhomogeneous with respect to By and B2.
By=girdle - (a)e NB8BW, vertical,

Reliability- (a). Falr.

Maximum - (a)., N88BW, 58°w,

Fold Gaomqggx = By has rotated approximately 90 degrees

from Station 10 to this station., The pattern suggests
folding of B, by nearly "similar" folds (Ramsay, 1960,
Pp.76=78), producing a girdle trending N88W, The rotation
of this data relative to the adjacent station may be exe

plained in several ways;
1l). Faulting between the stations,
2)e. Block rotation during agmatization, or
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STRUCTURE STATION 12

General Statement

Location - South flank of Wyoming Creek antiform (Map 2b).
Areal Extent - Approximately 100,000 sq. yadse

Number of Measurements - 36 By measurements.

Rock Types - Quartzites and mica schists,

Geologists - L.C, Rowan and C.E. Larsen,

Geometrical Analysls

Symmetry -~ Generally monoclinic.

Scale -~ Mesoscopice

Homogeneity - Nearly homogeneous with respect to Blo

By-girdle = (a). N73E, 60°S.
Reliability- (a)=-Good.

Maxima - (a). N73E, horizontal,
Fold Geometry - B, is dispérsed so that it does not form a

partial small circle nor a partial great circle. Map 2b
indicates that Bl and B, are nearly coaxlial at this sta-
~tion. F, folds are nearly "concentric®" in most cases,
The suggested partial small circle Bj=-girdle and the co-
axial orientation of B2 (Map 2b) suggests that F2 folds
have deformed Bq and that the mechanism of folding was
at least partlially flexural (Clifford, 1960, pe377, FigZe
9-D9).
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36 By Measurements
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Macroscopic Scale:

Stations homogeneous with respect to By have been
combined to form macroscoplic subareas (Turner and Weiss,
1963, ppelli=151). Five subareas are shown on Map 3b
with the corresponding subfabric diagrams, Measurements
number from 50 to 89, Although Bl is nearly homogeneous
for the Wyoming Creek antiform, sufficlent variation
oxists to necessitate congstruction of 3 subareas here.
The subfabric symmetry is generally monoclinic, HOmo=
genelty is significantly greater for the Bl-subfabric
than for the S;=-subfabric, especially in the Wyoming

Creek antiform,
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(Sp) (Map 3a and Subarea 1) is closely coincldent
with the Bl-girdle.

2). S, shows sufficient dispersion to suggest very open,
gentle cross-flexures (FZ) plunging steeply east,

Preferred Interpretation - These geometric elements

suggest deformation of Bl by appressed, south-plungling

F2 folds whlch are overturned to the west. Since the

Bl-girdle approximates 82 (Map 3a), these P, folds must

2
be nearly isoclinal and "similar", The separation of

the maxima is due to the spread of B, at Stations 1 and

1

2 (Map 2b). The complex dispersion of B, is at least

1
partially explained by superposed warping by broad, open
F2 cross~folds (see Structure Stations 1 and 2, S, and
Sl). These cross-warps may be due to triaxial strain

during F2 folding or a later deformation,
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SUBAREA 1

General Statement

TLocatlion -« West flank of Quad Creek synform, including
Structure Stations 1 and 2 (Map 3b).
Areal Extent -~ 0,1 square miles.

Number of Measurements = 52 B, measurementss

Rock Types - Pink blotite migmatite.

Geologlists - L.Cs Rowan and Ce.E. Larsen.

Geometrical Analysis

Symmetry - Nearly monoclinic.

Scale - Macroscoplc.

Homogenelty = Nearly homogeneous with respect to Bl‘

By=girdles - (a). N=S, 65°E,
Reliability- (a)e. Good.
Maxime - (a)e N27E, L42°NE; (b). N=S, 23°N.

Fold Geometry = B1 1s dispersed into a N=-S trending great

circle girdle, This Bl-subfabric pattern 1s characterized

by a large amount of scatter and possible subsidiary gir=-

dles. Very little can be sald about the F2 geometry withe-

out considering other subfabric elements:

1)« The constructed , Sj.-axis in Subarea 1 suggests F,
folds plunging gently south, Note that these folds

are overturned to the west, and that the axial plane
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3)e Fl is folded by F2 (oriented refolded specimens)
dispersing Bl into a girdle which is intermediate
between a small and a great circle., S, defines
Sl-girdles (Maps 3a and 2a) characteristic of
overturned, non-isoclinal folds (Fa) (Turner and
Weiss, 1963, p.16l).

Proeferred Interpretation - B, appears to be deformed by

1

F2 folds which are not "similar", appressed or isoclinal,

They plunge gently SE and are overturned to the north.

Note that S, (Map 3a) trends obliquely to the B, -girdle

in this subarea, whereas these two planes are nearly
parallel at Subarea 1, The wrlter does not interpret this
relationship as being indicative of a 90 degree change in
the BéﬁBl-girdle from Subarea 1 to Subarea 2. On the cone
trary, a significant change in F2 fold styles 1is 1pdicated.
F2 appears to be appressed; isoclinal and "similar" at
Subarea 1 and non-isoclinal, relatively open and somewhat
"concentric" at Station 2. The writer belleves that this
difference in fold style is a function of mean ductility
(Donath and Parker, 196li, ppeli5=63). The migmatites of
Subarea 1 are ductile and contain generally "similar" F,
folds, whereas less "similar"™ F, folds charscterize the

2
less ductile quartzlites and para-amphlbolite of Subarea 2,
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SUBAREA 2

General Statement

Location « Nose of the Quad Creek synform, including
Structure Stations 3, L and 5 (Map 3b).
Areal Extent - Approximately 0,08 square miles.

Number of Measurements = 75 B1 measurements,

Rock Types = Quartzites, para-amphibolite and migmatites.

Geologlsts - L.Ce, Rowan and C.,E. Larsen,

Geometrical Analysis

Symmetry - Monoclinilc.
Scale - Macroscopic,
Homogenelty - Homogeneous with respect to Bie

By=girdle - (a). N5E, Loow.
Reliabilitl - (8. )-GOOd.

Maximum - (a). N81w, LoOow,

Fold Geometry = The geometric relations of F, and F2 are

woell=defined in this subarea.

1). 32 generally plunges E-SE at a low angle and is in
close agreement with the constructed &8,- and/;’so-

axes.

2)e 82 dips moderately S=SW, indicating overturning of
F2 to the north,
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prefers the third alternative. A few non-isoclinal,

nearly "concentric" Fy folds have been identified in

the field but were not measurable. Therefore, alter-
native 2 may partially explain this Bl-subfabric

pattern,
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1) By is nearly parallel to B and is deformed by F

2 2
folds which are appressed, nearly Tgimilar® and
plunge moderately S-SW. These folds are overturned
to the east,

2)e Bl is nearly parallel to B_, and is deformed by

2
"similar® and appressed F, folds plunging moderately
south and overturned to the east. These folds have
dispersed B, into the Bla-girdle. The Blb-girdle is
formed during very gentle warping by F, cross=folds,

3). The BjaB, is small. B; 1s deformed by both "similap®
and somewhat "concentric'" folds which plunge moderately
S;SW and are overturned to the east,

Preferred Interpretation - The S_-subfabric at this sube~

1
area indicates that F2 folds are nearly "similar", S-SW

plunging, and overturned to the east. Subarea 2 data
‘indlcate that B1 and 32 have nearly parallel strlkes and
are separated in plunge by about [j0-50°, Therefore, both
axes have roﬁated apprdximately 90° easgst from thelr Sube
area 2 orientatlon, and B, now plunges about hoo sw.

By plunges more gently SW to SE and 1s dispersed into a
steeply inclined N-S girdle. The Bla-girdle corresponds
closely to the anticipated Sa-plane. The wrlter does not
bellieve that alternative 1 1s an entirely adequate explan-
ation for thls pattern. Since gentle, open F, folds are

suggested by the S_-subfabric (Maps 2a and 3a), the writer
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SUBAREA 3

General Statement

Location = East flank of the Quad Creek synform, including
Structure Stations 6, 7 and 8 (Map 3b)e.
Areal Extent ~ Approximately 0.6 square miles,

Number of Measurements = 89 By and B2 measurements,

Rock Types - Pink biotite migmatite,.

Geologists = L.C. Rowan and C.E. Larsen,

Geometrical Analysis

Symmetry -~ Monoclinic.

Scale « Macroscoplce

Homogeneity - Homogeneous with respect to Bl and B2.

By=girdles - (a). N1OE, 80°W; (b)e. N50W, 50°SW.,
Reliability~ (a&)=Good : (b)=Good,
Maximum - (a). Sl7W, 50°SWO

Rold Geometry = This Bl-subfabric pattern 15 character-

ized by two glirdles which are nearly perpendicularly

oriented, Fl and F2 are not separable in the subarea,
but the writer believes that the maximum indlcates the
principal orientation of B_. This pattern may be ex=

2
prlained by one or a combination of the following geom-

etries;
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Preferred Interpretation « The writer prefers alternative

2 at this subarea, because fleld evidence supports the
existence of both "similar" and nearly open "concentric!"
F, folds in this subarea. The F, folds at Statlon 9 are
not "concentric" but nearly "similar" in most cases,

These relations are very similar to those demonstrated

by Clifford in coaxial folding (1960, p.377, Figs 9=D9).
82 (Map 3a) suggests that alternative 3 may also partially

explain this Bj-subfabric pattern,
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SUBAREA

Genei'al Statement

Location - Nose of Wyoming Creek antiform, including
" Structure Stations 9 and 10 (Map 3b).
Areal Extent « Approximately 0.2 square miles.

Number of Measurements - 67 Bl and B2 measurements,

Rock Types = Pink bilotite migmatites, quartzites,

Geologlasts ~ L.Ce Rowan and C.E. ILarsen.

X Geometrical Analysis

Symmetry - Monoclinic,

Scale - Macroscopice

Homogeneity = Homogeneous with respect to B, and B
3

1 2°

B,-girdles = (a). N-S, 90f ; (b)e N79W, 60°S.

Reliability = (a)=Good ; (b)=Faire
Maxima - (a). s2w, 60°s; (b). S4E, Loes.

Fold Geometry « This B, -subfabrlic is striking similar to

the pkttern in Subarea 3, although the 1 percent area is
Jess widespread here, The Big=girdle is rotated 10° to a
N-8 trend in this subarea. It should be emphasized that

B, and B, are separated at Station 10 but not at Station 9.
The alternatives presented for Subarea 3 are applicable at

this subarea and wlill not be restated here,
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maximum is excluded, 32 (Map 3b) is scattered along the
Blb-girdle, and Sa-poles do not form a simple point maxi-

mum, These features suggest gentle warping later than Fs

or due to triaxial strain during F, foldings F, folds are

generally open, non=isoclinal and overturned to the east,

S, strikes about perpendicular to the 7*S;,-girdle (Map 3a).
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SUBAREA

General Statement

Locatlon = South flank of Wyoming Creek antiform, include-
ing Structure Stations 11 and 12 (Map 3b).
Areal Extent = Approximately 0.3 square miles,

Number of Measurements - 57 B, measurements,

Rock Types - Quartzites, migmatites, micaceous schistse

Geologlsts = I,,Ce Rowan and C.E. Larsen.

Geometrical Analysls

Symmetry - Generally monoclinic,

Scale - Macroscopic,

Homogenelty « Nearly hamogeneous with respect to Bj.

Bi-girdles =~ (a). N72E, 65°S ; (b). N1OW, 60°W.
Reliabllity - (a). Good (b)es Good,

we

Maximum - (a)es N73E, O°,

Fold Geometry = This B, ~subfabric pattern is different

from the patterns in Subareas 3 and h by virtue of the
better definition of the Blb-girdle in this subarea.
Part of this completeness results from the Bl measure=
ments at Structure Station 11 (Map 2b). Although two
great clrcle girdles have been constructed, note that a

small cirecle girdle fits the pattern quite well if the
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SUMMARY

Ql-subfabric - The axes of isoclinal flow folds, By,
have been folded by "similar® Fy folds in migmatites
and granltlc gnelsses throughout the Quad=-WyomingeLine
Creeks area, Therefore, B1 is'dispersed into a partlal
great circle which generally trends perpendicular to

the So-plane. Slightly "concentric" F_ folds have dee

2
formed B, at Statlons 3, b, 5, 9, 10 and 12, where the
rocks are relatively non-ductlile quartzites., The Bl-
girdle is a curvi-planar surface Iintermediate between
a partlial small circle girdle and a partial great cire
cle girdle, suggesting that Fz,folds are Intermediate
between "simllar" and "concentric" styles (Ramsay,
1960, pp.75-93) in these non-ductile rocks, By and

B, are generally parallel, the greatest divergence
being at Stations 11 and 12, Bl converges on the
major Quad Creek synform axis and rotates around the
nose, In contrast, B1 does not converge on the Wyoe
ming Creek antiform axis, nor does it show any sige

nificant rotation in strike in the nose. The Bl-

glrdle for the entire Wyoming Creek antiform is shown
in Figure L0,
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APPENDIX V
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Ll-Subfabric

Mesoscoplc:

Seventy=-five (75) hornblende lineations (Ll)
have been taken from para-smphibolite at all twelve
sﬁructure stations, Ll-subfabric dlagrams are keyed
to the éppropriate areas on Map 2b,
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(a). statistically biased measurements,
(b)e. B, 1s not parsallel to Ll at thia structure station,
or

(c)e F., is more nearly "concentric" in para-amphibolite

2
due to lower mean ductillity (Donath and Parker,
196l, ppel5=63). F, 1s nearly "gimilar" in the

ductile migmatites at thls station.

Preferred Interpretation - Reasons have been given previ-

ously (Text, ppe TlL=75) which appear to eliminate blas in
the Ly measurements. B, appears to be nearly parallel to
L, at Btations i and 5. Deviations from parallelism at
other stations do not appear large; therefore, number 2
above does not explain the differences in the ILj- and Bl-
subfabrics. The writer concludes that differences in fold
styles due to differential mean ductilities adequately ex-
plain the two different patterns., Note that the & S -
axis (Map 2a) strikes about N-S and 1is nearly horizontal
at this station. In general, deformation of L1 by nearly
"concentric" folds with thls orientation would give two
partial small circle girdles located in the NE and SW
(Donath and Parker, 196l, p.5l)e Highly appressed, nearly
"gimllar®" folds (Fa) would deform Ly into a plane defined
by a great circle girdle (Ramsay, 1960, pp.77-78). This
pattern is shown by By at this statlon (Map 2b). Fy is not
truly "concentrie", since the ByA Ll is not constant .

(Ramsay, pPe77)e
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STRUCTURE STATION 1

General Statement

Location #West flank of Quad Creek synform (Map 2b).
Areal Extent = Approximately 500 sge. ydse

Number of Measurements - 75 hornblende (Ll) megsurements,
Rock Type = Para-amphibolite,.

Geologlsts = L.C. Rowan and C.E. Larsen,

Geometrical Analysis

Symmetry = Generally Monoclinic.

Scale = Mesoscopice

Homogeneity « Homogeneous with respect to L
Ly=girdle = (a). N35W, 20°NE.

Reliability= (a)=Goode.

10

Maximum ~ (a). N38E, 18°NE.

Fold Geometry = The Ll-girdle approaches a part;al small

circle, and the maximum plunges more gently NE than the Bl-

maximum (Map 2b). These features imply differences with |

regpect to the F2 fold geometrys

1l)e The partial small circle suggests that more "concenw
trich F, folds deform L, than the folds (F,) deforming
B, at this station (Remsay, 1960, pp.76=77)e.

2)e The location of the L,-meximum at a gentle NE plunge
relative to the Blamaximum may be due to:
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constructed at this station, suggestion of & partial small
circle is evident, Field observations indicate that the
para-amphibolite has responded to deformation 1in a less
ductilo manner than the migmatites, Bi measurements were
obtained from the latter ductile rocks, and the contalining
plane is an ill-defined great circle girdle. There is a
tendency towards a small circle girdle also, Note that all
of the I3 measurements were derived from less ductile para-

amphibolite,

Preferred Interpretation - The writer inbterprets this Ly=

subfabric pattern as being a product of folding of earlier
lineations (Ll) by folds which more nearly approached a
"concentric" than "similar" style., It is further concluded
that "concentric" folds have developed primarily in para-
amphibolite due to its lower mean ductillty. In contrast,
migmatites have reacted to deformation in a "gimilar"”
manner by virtue of its high mean ductility. It cannot

be concluded that B1 and L. were parallel prior to de=

formation on the basis of this dlagram, However, B1 and
Ll diagrams suggest parallelism of these elements at Sta=
tions 3, li and 5. The rocks at these stations are domi-
nantly quartzite and para-amphibolite, which possess nearly

equivaient,mean ductllities.
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STRUCTURE STATION 2

. General _Statement

Location = Northwest portion of Quad Creek synform nose
(Map 2b)e
Areal Extent - Approximately 100 sq. ydse

Number of Measurements = 75 hornblende measurements,

Rock Type = Para-amphibolite,

Gaologists = L.C. Rowan and C,E. Larsen,

Geémetri cal Analysls

Symmetry =~ Triclinic 1n detall, monoclinlc In general,
Scale -~ Mesoscoplce |

Homogeneity - Nearly homogeneous with respect to Ll‘
L._l-girdle - (a)e N??W, 359NE.

Reliability- (a)=Good.

Maximum - (a)e N20E, 33°NE.

Fold Geometry = The NE maximum 1s more intense at this sta-

tion than at the preceding.(l) station. The Ll-girdle
attitude is nearly perpendicular to the Bl-girdle at thls
station., However, Ramsay (1960, pp.76-78) and others have
showmn that "concentric" folds deform earlier rectilinear
lineations into partial small circles on equal area nets,
"Similar" folding disperses earlier lineations into partial

great circles., Although a great circle Ll-girdle has been
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1); Ly has been deformed by slightly "concentric" F2
folds dispersing this elementfipto a curviplanar
gsurface which 1s intermediate between a great circle
and a small circle girdle. These later F2 folds are
not truly "concentric", since the Lf&Ba 1s not cone
stant (Remsay, 1960, pp.76~77). Note that S, is
overturned to the north (Map 2a).

2). Deviations of L.=- and B;-girdles and maxima by about

1
128° can be explained by one or a combination of the

following factors;
(a)e B;£L; may have been 128°¢ prior to F,, or
| (b)s Non-ductile para-amphibolite may have been agmae
tlzed and rotated in this area. No relationship
to the proximity of the metanorite body is neces-
sarily suggestede.

(c). Measurements are biased at this statione.

The writer believes that Ll measurements were blased at
this station. Limited suitable outcrops limited In
measurements to a small area which the writer believes

was the south flank of a mesoscoplc F2 fold overturned
to the north,
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STRUCTURE STATION 3

General Statement

-Locatlion = Nose of Quad Creek synform (Map 2b).
Areal Extent - Approximetely 600 sq. ydse

Number of Measurements = 75 hornblende (Ll) measurements,

Rock Type - Para-amphibolite,

Geologlsts -~ L.Cs Rowan and G.E. Larsen,

Geometrical Analysls

Symmetry « Monoclinic,

Scale - Mesoscopice

Homogeneity - Homogeneous with respect to Ll'

Ly=girdle =~ (a). N85W, 35°s.

Rellabllity- (a)=Good.

Maximum - (a). 8348, 35°SE.

Fold Geometry - Although a great circle Ll-girdle has been

constructed, the l-li percent avea suggests a tendency
towards a'partial small circle Ij-girdle. Note that
this girdle is generally similar in shape to the By~
girdle. However, the Ll-girdle and maximum are rota-
ted about 128 degrees to the SE relative to By.

Preferred Interpretation = Tbe writer Interprets this Ll-

subfabric pattern in the following manner;
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deformed by slightly "concentric® F, folds (Ramsay, 1960,
PPe75=93)s Since the L1AB2 is not constant, these folds
can not be truly "concentric". It 1s important to rea-

lize that F2 18 overturned to the north at this statlion

(Map 2a, S.=-diagram). The folding mechanism is probably

1
flexural flow (Donath and Parker, 1963, pe51)e
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STRUCTURE STATION L

General Statement

Location - Northeast portion of Quad Creek synform nose
(Map 2b).
Areal Extent - Approximately 300 sq. yds.

Number of Measurements = 75 hornblende (Ll) megsurements,
Rock Type = Paraéamphibolite.

Geologlsts = I..l. Rowan and C.E. L.arsen.

 Geometrical Analysis

Symmetry - Monoclinic,

Scale ~ Mesoscoplce

Homogeneity « Homogeneous with respect to L

1.
Ly=girdle = (a). N26W, LO°sE.
Rgliabllity - (a)=Good.

Maximum - (a). N66W, 30°NW,

Fold Geometry = B, and Ll are strongly concordant at this

station., The 1=l percent area closely approaches a partial
small circle, although a great circle Ll-girdle has been
cgnstructed. Note that the Ll-maximmm plunges west at this
station, whereas it plunges NE at Stations 1 and 2,
Preferred Interpretation « The writer concludes that I

1
and By are generally parallel at this station and have been
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Preferred Interpretation - The writer concludes that Ll
and Bl are generally parallel at this station and have
been deformed by slightly "concentric" folds (Fp)e The -
IZ.ZI_I.B2 is not constant. Therefore, these folds cannot
be truly "concentric" (Ramsay, 1960, p.76). Note that
F, is overturned to the north at this station (Map 2a,
82 diagram). F, appears to have developed through flex-
ural flow in these para-amphibolites,
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STRUCTURE STATION 5

General Statement

Location =~ Northeast portion of Quad Creek synform nose
(Map 2b).
Areal Extent = Approximately 100 sq. ydse.

Number of Measurements - 75 hornblende (Ll) measurements.
Rock Type = Quartzites and para-amphibollte,

Geologlists -~ I,.C. Rowan and C.,E. Larsen,

Geometrical Analysls

Symmetry - Generally monoclinic,
Scale - Mesoscopice
Homogenelty = Nearly homogeneous with respect to L

1.
Ly-girdle = (a). N20W, 35°SW.
Reliabllity = (a)=Good,

Maximum . = (a). S86W, 35°W.

Fold Gsometry - Deformation of I, by slightly "concentrich

folds (F2) 1s suggested by the tendency of a small circle
girdle to form at this station. The 1l-i éer cent area
outlines the pro jected and distorted partial cone (Ramsay,
1960; PPe75=93)e The B,- and L =-girdles and maxima are

1
generally coinclident, suggesting parallelism of these

elements,
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(b). Later cross-folds (F2) which are suggested by the
S,-subfabric to be "econcentric",
The writer believes that these factors account for the Ll-
subfabric at this station. Note that if the subfabric
diagram from Station 5 is rotated 90 degrees east, and if
the entire pattern is then rotated about L0° south, the
resultant Ll-subfabric corresponds closely to number 6,
Greater dispersion at Station 6 is probably due to (a)
and (b) above. The rotations from Stations 5 to 6 is the
approximate rotation involved in going from the Quad Creek
synform nose (Station 5) to the east flank (Station 6),
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1)s The general plunge of L, is more gentle than B,,

2)s I forms a less intense maximum than B, shows.

3). The L,-small circle girdle is more complete than the
Bl-small circle girdle. ‘

These differences may be explalned in one or a combination

of the following ways:

1) I, measurements are blased.

2)s Ly and By were not parallel prior to F,.

3), Para-amphibolite has responded to stress in a leas
ductile manner then the migmatites. Therefore, Ll
is deformed by development of the Ll-girdle. Later
(F2) cross-folds suggested by thq Sonsubfabric
probably also explain some of the By dispersion.

Preferred interpretation = The subject of blas has been

discussed (Text, ppe.74=75) and is not regarded as signifi-
cant, B, and Ll have been shown to be nearly parallel and
coincident at Stations h and 5, The writer interprets
this Ll-subfabric pattern as a product of folding of Iy

by folds (F2) which are somewhat "concentric". Sinece the
Sq=- and S -subfabrics (Map 2a) indicate that F2 is
primarily "similar", the Ll-subfabric cannot be attributed
entirely to alightly "concentric" folding, Two other
factors appear to be significant:

(a). Rotation during agmatization and
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STRUCTURE STATION 6

General Statement

Location = North portion of east flank of Quad Creek
synform (Map 2b).
Areal Extent - Approximately 1000 sq. ydse

Number of Measurements = 75 hornblende measurements,

Rock Type = Para-amphibollte.

Geologlsts - L.C, Rowan and C.E. Larsen.

Geometrlcal Analysis

Symmetry - Generally monoclinice.

Scale - Mesoscoplce

Homogeneity - Generally homogeneous with respect to L1.
Ly=girdles = (a)e N52E, 25°SE
Reliability - (a)=Good

(b). N3L4w, 1O0°NE.

e

(b)=Fair,

e

Fold Geometry - Dispersion of Ll at this station 1s in a

plane which approximates the great cirecle. Although Bl
and Bo (Map 2b) are not separated at this station, geo-
metric relations of these two elements defined at other
stations (3, l and 5) suggest that By plunges gently
south, Dlspersion of Bl into a partlial small circle gives
a pattern somewhat similar to the Lil-subfabric pattern.

However, the following differences exist:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



STRUCTURE STATION 6.

75 L, Measurements
Contour Interval: l-4=8%

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



128

1l). Bias in the Ll meagurements.

2). Rotation of para-amphibolite blocks during agmeti-
zation. |

3), Formation of less "similar" and more "concentric"
folds (Fz) in less ductile para-amphibolite (Ramsay,
1960, pp.75=93).

Preferred Interpretation - The writer belleves that a

combination of alternatives 2 and 3 adequately explalns
this pattern. Bias has been discussed previously (Text,
ppe Tii=75 ) and is not believed to be significant. Age
matization appears to be in the incipient stages of de-
velopment at this station. Ramsay (1960, p.éé; Table 5)
has shown that folded lineations which do not fit on
partlal great circle or small circle girdles have been

folded by both "similar™ and "concentric" flexures.
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STRUCTURE STATION 7

General Statement

Location - East flank of Quad Creek synform (Map 2b).
Areal Extent - Approximately 600 sq. yds.

Number of Measurements = 75 hornblende (Ll) measurements,

Rock Types = Para-émphibolite.

Geologists - L.C., Rowan and C.E. Larsen.

Geometrical Analysls

Symmetry = Generally monoclinic.
Scale - Mesoscopice
Homogenelty = Nearly homogeneous with respect to L

In= girdles - (a). N76W, 10°S ; (b). N18E, 75°W.
Reliability - (a)=Good

1.

(b)=Good,.

-e

Maxima - (a)e. S15W, 1l0°SWw,

Fold Geometry - This dilagram shows the same features as

the preceding Iy-subfabric pattern, except that there 1ls
a reasonably well-defined N-S trending great circle
girdle at this station. The pattern suggests deformation
of I, by both "concentric" and "similar" folds (Remsay,
1960, p.92, table 5). Ly mimics By, except that the for-
mer lineation plunges more gently south and is slightly
more dispersed. These differences may be explalned by

one or & combination of these factors;

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



STRUCTURE STATION 7.

75 L, Measurements }
Contour Interval: 1=4-87%

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



130

(1) Formation of less "simlilar™ and more "econcentric" -
folds (Fa) in less ductile amphibolite,
'(2). Rotation of para-amphibolite blocks during agmatl-
zation.

Prefeérred Interpretation - The writer prefers a combina-

tion of these two factors., Agmatization is extensive hére.
Although B1 data are sparse at fhis station, note that the
By measurements plunging gently S-SW closely coincide with
an Lj-meximum. No Ll-great circle girdle l1ls developed
which corresponds to the nearly N=-g8 Bl-girdle. Field ob-
servation indicates that para-amphibolite has reacted to
deformation in & less ductile manner than the migmatites.
Therefore, less "similar" and more "concentric" folds
might develop in para-amphibollte, developlng a partial
small circle girdle near the great circle in Lqe East
plunging F2 cross=folds and agmatization adequately ex-
plain the wlde dispersion of Ll‘
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STRUCTURE STATION 8

General Statement

Location - West flank of Wyoming Creek antiform (Map 2b).
Areal Extent = Approximately 800 sq. yds.

Number of Measurements - 75 hormblende (Ll) measurements,
Rock Type - Parafamphibolite.

Geologists -~ L.Ce Rowan and C.E. Larsen.

Geometrical Analysis

Symmetry - Monoclinic.

Scale = Mesoscopice

Homogenelty = Generally homogeneous with respect to L

l.
L,=girdle - (a). N85W, 20°s,
Reliability- (a)=Good,

Maxima - (a). S27W, 18°SW; (b). S15E, 20°E,

Fold Geometry = This Ll-subfabric displays features common

to Stations 6, 7, and 9:

1l). Dispersion of Ll into a girdle which approaches a
smell circle,

2)e Principal maxima plunge gently south, and

3)e Wide dispersion of Ly

These features form a characteristic pattern which may be

explained by one or a combination of the following

processes;
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3)e F2 folds are more "concentric" in para-amphibolite
than in the migmatites.‘ Therefore, the I5-girdle
approaches a small circle more completely than the
By-girdle (Ramsay, 1960, pp.76-78).

Preferred Interpretation = A combination of these fac-

tors 1s belleved by the writer to explain the Ll-subfab-
ric pattern here, The B;~- and Bp-subfabrics suggest that
these elements are nearly parallel. Ll plunges more

gently than Bye This may be due to the formation of more

"concentric” folds in para-smphibolite than in the more

ductile migmatites,
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STRUCTURE STATION 9

General Statement

Location - Southwest nose of Wyoming Creek antiform (Map
2b). »
Areal Extent - Approximately LOO sq. yds.

Number of Measurements - 75 hormblende measurements (Ll).

Rock Types = Para-amphibollite.

Geologlist - L.C. Rowane

Geometrical Analysis

Szggetrz - Monoclinic.

Scale = Mesoscoplc.

Homogenelty « Homogeneous with respect to Ll

Ql-girdle - (8). N75E, 20°S.
Reliabillity - (a)=Good.

Maximum - (a). S1OE, 2008,

Fold Geometry = The Ll-subfébric pattern at this station

differs from the preceding pattern in that the maximum

is more intense here. The nearly E=-W girdles approach

small circles. The following factors may explain the Ll-

aubfabric:

1l)e L, is nearly parallel to By and B, (Map 2b),
2). Para-amphibolite blocks have been rotated during
agmatization,
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combination of the following fold geometries and related

processes;

1)s Ly is deformed into partial small circle girdles by
slightly "concentric" folds (Fa) and dispersed around
the great circle by rotation of para-amphibolite
blocks during agmatization, or

2)s L, measurements have been derived from the hinge
portion of SW plunging folds (F2).

Preferred Interpretation = Fé folds plunge SW and are over=-

turned about 25°SE at this station. I, 1lies in the So=
plane and rotates around the Wyomlng Creek antlform. F2
folds are relatively "concentric". The partial I, small

circle girdles are dispersed somewhat by agmatizatlon and

the non-cylindrical nature of the Fy foldse
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STRUCTURE STATION 10

General Statement

Location - Southeast portion of the Wyoming Creek antiform
nose (Map 2b).
Areal Extent - Approximately 50 sq. ydse.

Number of Measurements - 75 hornblende (Ll) measurements,

Rock Types - Para-amphlbolite,

Geologists - I,.C. Rowan and C.Es Larsene

Geometrical Analysis

Symmetry - Monoclinlic.

Scale = Mesoscopice

Homogeneity -~ Homogeneous with respect to Ll'

Ql-girdle - (a). N12E, 30°E,
Rellability=~ (a)=Good,

Maximum - (a)e N87E, 30°E,

Fold Geometry - This Ll-subfabfic displays one feature

which is striking different from the Bl-subfabric - L1
rotates around the nose of the Wyoming Creek antiform as
it does in the nose of the Quad Creek synform, B1 rotates
around the latter major fold but not around the former
fold (Map 2b). Note that the L;-girdle is approximately
perpendicular to the Sy and S,-planes, and the Ly maxi-

mum plunges gently east., The pattern suggests one or a
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1). Rotation of para-amphibolite blocks during the process
of agmaﬁization.

2)e Development of less "similar" F, folds in non-ductile
para-amphibolite compared to "similar" F2 folds in
migmatites, A small circle I,-girdle would be ap-
proached in the less "similapr" folds (Ramsay, 1960,
PP«76-7T7)e Since the mechanism of folding (F5) is
not purely flexural, the small circle girdle will
only be approximated,

3)e L; is nearly parallel with B, and B, at this station
(Map 2b)e.

Preferred Interpretation - Agmatization is extensive at

this station and doubtlesgsly plays a significant role in
developing the Ll-subfabric. "Similar" folds (Fz) char-
acteristically deform earlier lineation into a great
circle girdle, whereas more "concentric" folds (F2) dis=~
perse L, into a partial small circle (Ramsay, 1960, pp.75=
93)e Therefore, the writer interprets the Ll-subfabric
at this station to be indicative of deformatlion of I by
folds which are intermediate in style between "similar™
-and "concentric', Agmatization is probably assoclated
with formation of these later folds (FZ) and may account
for dispersion of the small cirecle Ll-girdles.
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STRUCTURE STATION 11

General Statement

Location - South flank of Wyoming Creek antiform (Map 2b),.
Areal Extent - Approximately 400 sq. yds.

Number of Measurements - 75 hornblende measurements (Ll)‘

Rock Type = Para-amphlbolite,

Geologists - L.C. Rowan, C.E. Larsen and T, Rowekamp,

Geometrlcal Analysls

Symmetry - Monoclinic.

Scale - Mesoscopice

Homogenelty - Homogeneous with respect to L

1.
Ly=girdle - (a). N21W, 30°SW,
Reliability- (a)-=Good.

Maximum - (a). Sh7W, 25°W,
Fold Geometry -~ The Ll-subfabric pattern here 1is almost

1dentical to the patterns at Stations 6, 7, 8, and 9,

axéept that approximately Lj5° rotation to the west is
evident. B1 and Ll are relatively coincldent and display
similar patterns. Note that the Ll-girdle is nearly per-
pendicular to the Sy-plane at this and most other stations,
The B,=axes are highly dispersed. This Ll-pattern is
explicable by considering the following factors:
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Agmatization is not a prominent process in the area
from which these measurements were derived. The girdles
are not as dispersed here as they are at stations where

agmatite 1s prevalent,
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However, I, does not coincide as closely with B1 here as
it does at Station ll. The features suggest the following
alternate hypotheses regarding F2 fold geometry;

(a)e L, and B, were not parallel prior to F_,

1 2

(b)e Ll mqasurements are biased, or

(c)e The fold geometry differs significantly in non-duc-
tile para-smphibolite compared to folds developed in
ductile micaceous schists and migmatites.

Preferred Interpretation - Blas ;n L1 megsurements has
been discussed previously (Text, ppe T4=75) and is not
believed by the'writer to be significant, Ll gppears to
be nearly coincident with B, at most stations (3, 4, 5,

6, 7, 8, 9 and 11). No other data supports non-parallel=-
ism of Ly and By here. Note that ﬁl- and Lq= maxima are
nearly coincident, The writer believes that less "similar"
(F2) folds have formed in the non-ductile-para-amphibolite,
and "similar" (Fz) folds have developed in migmatites and
micaceous schists., Ramsay (1960, pp.75=93) has shown that
earlier rectilinear lineatlons are dispersed into partial
small circle girdles by Yconcentric" folding and great
circle girdles by "similar" folds. Additionally, the Ly
B, should remain nearly constant in "eoncentric®" folding
by a flexural mechanism (Ramsay, 1960, p.77). This angle

is nearly constant here, implying "concentric" folding by
a mechanlism which is partly flexural,
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STRUCTURE STATION 12

General Statement

Location - South flank of Wyoming Creek antiform (Map 2b).

Areal Extent - Approximately 100 sq. ydse.

Number of Measurements = 75 hornblende (Ll) measurements.

Rock Type.= Para-amphibolite,.

Geologists = L.Ce. Roﬁan and C.E. Larsen,

Geometrlical Analysis

Symmetry - Monoclinic,

Scale - Mesoscoplc.

Homogenelty - Homogeneous with respect to Ll'

Ll-girdles - (a)e N=S, 8w ; (b)e N37W, 30°NE,
Reliability - (a)e. Good (b)e Fair,

(b)e N75E, 32°NE.

Fold Geometry = This Ly=-subfabric appears to be identical

]
s

Maxima - (a)e STOW, 10°SW

-e

to the pattern at Station 11;
l). A small circle Ll-girdle is approached by virtue of

dlspersion of L1 into planes approaching the attitude
of the great circle,

2)e SW and E trending maxima are developed, and

3)e The Ll-girdles trend nearly perpendicularly to the

So-plane.
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Macroscoplec:

Mesoscopic stations homogeneous wlth respect to
I.1 have been combined to form homogeneous macroscoplc
subareas. Measurements number from 75 to 300 in the
b subareas which are keyed to the appropriate areas
on Map 3b., The symmetry is generally monoclinlc,
with the highest degree of tirclinity being in Sub-

ares l]-o
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constant, so these folds (Fz) are not truly "concentric"

(Ramsay, 1960, pe77)e Overturning and gentle F. cross=

2
folding influence this Ll-subfabric pattern also but may
be due to triaxial strain only. Overturning slightly to
the west produces more gentle L1 plunges to the NE and

open, gentle F_ folds which are nearly perpendicular to

2
F2 disperses the Ly-girdle sbout the great circle,.
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1l)e L,y measurements are biased in this subarea.

2)e L, and Bl are not parallel at this subarea.

3). F, folds are less appressed and less "similar™ in para-
amphibolite than in migmatites. Thls difference in F,
fold style may be related to the apparent dirfferences
in mean ductilities (Donath and Parker, 196, Ppoh5-63).

Preferred Interpretation - Bias in L measurements has been

1
previously discussed (Text, ppe T4=75) and is not consid-

ered by the writer to be significant.' As previously men-
tioned, the LIA.Bl appears to be small in Subareas 3 and
. Ramsay (1960, pp.75-93) has shown that "similar"
folding deforms earlier.rectilinear lineations into a
great circle girdle, and that "concentric" folding dis-
perses these lineations along partial smail circle gir-
dles., Figld observations suggest that para-amphibolite
has responded to deforming stresses in a less ductile
mahner than migmatites. Therefore, less appressed and
more "concentric® F2 folding might be anticipated in para-
amphibolite, The Ll-girdle shows some tendency towards a
partial amall circle girdle, Note that the Sl-subrabric
here suggests F, folds plunging gently south and over-
turned to the west. This orientation and folding inter-
mediate between '"similar" and "concentric™ styles should
produce a pattern nearly equivalent to the Ll-subfabric
here (Donath and Parker, 196li, p.Sh). The Lll-B2 is not
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SUBAREA 1

General Statement

Location - West flank of Quad Creek synform, including
Structure Stations 1 and 2 (Map 3b).
Areal Extent -~ Approximstely O.l square miles,

Number of Measurements - 150 L, measurements,
. Rock Type - Para-amphibolite. |

Geologists -~ L.C. Rowan and C.E. Larsen.

Geometrical Analysls

Symmetry - Monoclinic.

Scale = Macroscopilce.

Homogeneity = Homogeneous with respect to Lqe

Ll-girdle - (a)e N72W, 30°NE.
Reliability- (a)=Good.

Maximum - (a)e N15E, 32°NE,

Fold Geometry - Ly is dispérsed into a NW trending great

circle girdle, which is very differently orlented than the
By~girdle. The L;-maximum plunges more gently NE than the
Bl-maximum. The By- and Ll-subfabrics at Subareas 3 and
4 suggest that these linear elements are nearly parallel.
Therefore, the following appear to be plausible reasons

for the different geometrlc relations of Bj and L;:
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SUBAREA 2

General Statement

Location = Central portion of Quad Creek synform nose.

This subarea is equivalent to Structure Station 3 (Map 2b).
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derived primarily from relatively non-ductile quartzites
and para-amphibolitese.

Preferred Interpretation - L1 has been dlspersed lnto a

pattern which does not fit a great circle or small circle
girdle, Ramsay (1960, pp.75-93) has shown that "concentric"
folding of earlier lineatlons produces partial small cirele
girdles, whereas "similar" folding disperses these linea-
tions along great circle girdles. F, 1s not truly "con-
centric," since the Lln‘.B2 is not constant (Ramsay, 1960,
PeTT)o F, 1s overturned to the north here (82’ Map 3a),
which produces an almost complete small circle girdle in

the southern half of the diagram in nearly "concentric®
FZ folds,
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General Statement

Location = Northeast portion of Quad Creek synform nose,
including Stations lj and 5 (Map 3b).
Areal Extent - Approximately 0;0& square miles,

Number of Measurements = 150 L1

meagurements.

Rock Type = Para-amphibollte,

Geologists -~ L,.C. Rowan and C.E. Larsen.

Geometrical Analysis

Symmetry = Monoclinic,

Scale = Macroscopice

Homogeneity = Homogeneous with respect to Ll’
L,-girdle - (a). N2OW, LO°sw,
Reliability-(a)=Goods

Maximum ~(a). E=W, 30°W,

Fold Geometry = Approximately 90° rotation eastward from

Subarea 1 to Subarea 3, then about 60 degrees rotation
west in a vertical plane approximates the Ll-subfabric
pattern in the subarea., The scatter 1s somewhat greater,
and a small circle girdle 1s more strongly suggested in
Subarea 3 than in number 1. Note that I, and By patterns

are very similar here, where the By measurements were
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approximates a partial small circle girdle rather than a
great circle girdle (Ramsay, 1960, pp.76=78). Note that
B2 plunges moderately S-SW, and 82 dips steeply west
(Map 3a). Open, gentle, east-plunging F2 cross=folds
are suggested by the So-subfabric (Map 3a). The writer

believes that the large degree of L. scatter is due to

1l
the F2 cross=folding. These folds are probably due to

triaxial strain during F2 folding,
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1)e Ly, By and B2 have rotated around the nose of the Quad
Creek synform, and

2). These elements have been 1nf1ﬁenced by the plunge of
this major F, fold.

L, plunges more gently south than B1 (Map 3b) and'is more

widely dispersed about the great circle. B1 is dispersed

into a nearly vertical N-S partlal great circle, This
pattern is not evident in the Ll-subfabric here. These
differences may‘be explained by one or a combination of
the following factors;

1). In measurements here are biased,

2)e The LlLBl is large,

3). Para=amphibolite blocks have been rotated during
agmatization more than the ductile migmatites.
Therefore, partlal small circle Ly~-girdles are
developed by less "similar" and more "concentric®
F, folds (Ramsay, 1960, pp.75=93).

Preferred Interpretation = Blas has been discussed pre=

viously (Text, ppe 7li=75 and is not believed to be sige
nificant, B1 and Ly are belleved to be nearly parallel
at Subarea 3 where the mean ductilities are similar in
para-amphibolite and quartzites., The writer prefers a
combination of factors 3 and lj, "Concentriecity" in Fy
folds produces dlspersion of L1 into a pattern which
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SUBAREA k

General Statement

Location = Bast flank of the Quad Creek synform, including
Structure Stations 6, 7, 8 and 9 (Map 3b).
Areal Extent - Approximately 1.0 square miles.

Number of Measurements - 300 Ll measurements,

Rock Type = Para-amphibollte.

Geologists - L.C. Rowan and C.E. Larsen.

Geometrical Analysls

Symmetry - Generally monoclinic,

Scale - Macroscopic,

Homogeneity -~ Homogeneous with respect to L

l.
L._l-girdle - (a)o méE’ 20080
Reliability- (a)=Good,

Maximum - (8)e S13E, 20°S.

Fold Geometry - The geometrlcal relations of I, and F

2
are more clearly defined on the macroscopic than the meso-

scoplc scale In this subarea, Note that rotation of the
Subarea 3 L,=subfabric 80° N in a horizontal plane and

about h0° S In a vertical plane'approximates the Ll-sub-
fabric pattern at this subarea. Two important lmplicae

tions are made by this rotation:
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300 L., Measurements
: Contofr Interval: 1-3-5-7%
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General Statement

Location - Southeast portion of the Wyoming Creek antiform
nose. This subarea is equivalent to Structure Station 10

(Map 2b ) .
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SUBAREA 6

General Statement

Location = South flank of the Wyoming Creek antiform,
including Structure Stations 11 and 12 (Map 3b).
Areal Extent -« Approximately 0.3 square miles,

Number of Measurements = 150 L1 measurements,

Rock Types - Para-amphibollte,

Geologists ~ L.C. Rowan, C.E. Larsen and T. Rowekamp.

Geometrical Analysis

Symmetry - Monoclinic,

Scale - Macroscoplc.

Homogeneity = Homogeneous with respect to Ll'
Ly=girdle - (a). N43W, 30°NE
Reliability~ (a)=Cood

Maximum - (a). NOLE, 10°NE,

Fold Geometry - Ll has rotéted about h5° NE from Subarea

(b). N70W, 30°SW.
(b)=Good,

ws

5 to 6 in the plane of S,. Although two great circle
girdles are constructed, partial small circle girdles are
suggested., The L1 pattern differs from the Bl-subfabric
in that few NE plunging By-axes were meaéured. Text
Figure L1 shows the orientation of slightly "concentric™

F2 folds here, Very significantly, L, rotates around

both major F, folds.
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SUBAREA 6.

150 L; Measurements
N Contour Interval:
0e66=2.0~4,0=6.0%
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SUMMARY

gl-subfabric - Ll is generally parallel to By, but
nearly "concentric" F, folds have formed in the rela-
tively non-ductile para-amphibolite. Ll-girdles gen-
erally trend perpendicular to the So-plane and the Bj=
girdle, because the nearly "concentric” F2 folds have
dispersed L1 into partial girdles which more nearly
approach small circles than gregg‘gircles. The Ll-
subfabric is dispersed by agmatization, especially in
the east flank of the Quad Creek synform. I, rotates
around the Quad Creek synform nose and converges on
the ma jor axial zone, while it only rotates around the
Wyoming Creek antiform nose, Therefore, the Ll-subfab-
ric mimics the Bl-subfabric when contrasting mean duce
tilities and F2 fold styles in para-amphibolite and
migmatites are considered except at Station 10, The
two subfabrics are nearly identical at Stations 3, L
and 5, where By was measured in non-ductile quartzites
and para-amphibolite, The writer concludes that the

subfabrics are similar here because B1 and L, measure-

1
ments have been derived from rocks with similar mean
ductilities. The F2 fdlds appear to have formed through
flexural flow at these statlons. The parallelism of In

and By suggests synchronous development of these linea-

tilons.
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Although measurements of skialith elongations are
sparse, the data.suggest parallelism of these lineations
with By and hornblende elongations. It 1s, therefore,
concluded that skialiths assumed their orientation
during Fl folding.

L2 measurements are from drawn=out green mica and

biotite aggregates., Although they are sparse, they are
"nearly coincident with Boe
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BZ-Subfabric

Mesoscople:

Bp measurements number from 3 to 17 at stations
where Fl and F2 are separable. No B2 measurements are
given for Stations 1, h, 6, 7, 8, 9 and 11, because Py
and F2 are not easily distinguished in these sub-domailns,
Most of the Bo-axes at Stations 2, 3 and 5 have been

derlived from semples showing refolding of F Uncon=

1.
toured data are keyed to the appropriate areas on Map
2b. B2-subfabric symmetry ranges from axial at Structure

Station 3 to monoclinic at Station 10,
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Preferred Interpretation - Although both of these alter

natives may‘explain the B.,~girdle, the writer prefers

2
number 2, Gentle, open Fg folds are suggested by the So=

and Sl-subfabric at this station but may be due to super-

position of F, on F.. Alternately, the spread of 82 poles

1

and Text Figure l suggest that both large and small F2
folds are slightly non-cylindrical and non-plane. The

writer believes this to be due to triaxial strain.
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STRUCTURE STATION 2

General Statement

Location -« Northwest portion of Quad Creek synform nose
(Map 2b).
Areal Extent - Approximately 2,000 square yards.

Number of Measurements - 6 B2 measurements from samples

showing refolding of Fl.
Rock Types - Migmatites and quartzites.

Geologlsts - L.C. Rowan and C.E. Larsen.

Geometrical Analysis

Symmetry - Monoclinlc.

Scale - Mesoscaplc.

Homogenelty - Homogeneous with respect to Boe

22 -girdle - (a)e B-W, nearly horizontal.
Reliability - (a)=Good,

Maximum - (a). South, nearly horizontal,

Fold Geometry - B, 1s closely coincident with the A4 Sp.-

and,d?sob-axes at this station. However, B, does exhibit
some dispersion into an ill-defined girdle which may be
explained by

(1). Fa'folds plunging steeply east have deformed B,, or
(2).'The B, divergence 1s due to superposition of F; and
F2 (Turner and Welss, 1963, p.132). |
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STRUCTURE STATION 3

General Statement

Location - Nose of Quad Creek synform (Map 2b).
Areal Extent - Approximately 3,000 square yards.

Number of Measurements - 3 BZ measurements‘from oriented

samples showlng refoldinge.
Rock Type - Migmatites and quartzites.

Geologlats - L.C. Rowan and C.E. Larsen,

Geometrical Analysis

Sxmetry - Axlal,

Scale = Mesoscopic,

Homogeneity = Homogeneous with respect to BZ'

Maximum - (a). S8OE, 12°SE.

Remarks - Note that B, agrees closely with,/féoa- and
,é/sl-axes, and all of these elements rotate around the

Quad Creek synform nose,
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STRUCTURE STATION 5

General Statement

Location - Northeast portion of Quad Creek synform nose
(Map 2b).
Areal Extent - Approximately 250 square yards.

Number of Measurements = 6 Bo measurements, 3 of which are
from oriented samples showing refolding.

Rock Types - Quartzites.

Geologists - L.C. Rowan and C.E. Larsen.

-7

Geometrical Analysis

Symmetry - Axial.

Scale -~ Mesoscoplc.

Homogeneity - Homogeneous with respect to B2.
Maximum - (a). S83E, 8°SE.
Remarks - Thesa B2 measurements agree closely with the

,Afsl-axis here and show farther rotatlon around the Quad

Creek synform nose,
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STRUCTURE STATION 10

General Statement

Location - Southeast portion of Wyoming Creek antiform
(Map 2b).

Areal Extent - Approximately 16,000 square yards,

Number of Measurements - 16 B, measurements.

Rock Types = Migmatites, quartzites and agmatites.

Y

Geologists -~ L.C. Rowan and C,E, Larsen.

Geometrical Analysis

Symmetry - Nearly axlal,

Scale - Mesoscoplc,

Homogeneity - Homogeneous with respect to Boe

Maximum - (aj. S23W, L5°sw.

Remarks - The scatter of B, may be due to slight warping
which is younger than F, or to superposition of F, on F
(Turner and Weiss, 1963, p.132).' So (Map 2a) suggests

very gentle warping. However, this warpihg may have been

1

nearly synchronous with F, folding.
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STRUCTURE STATION 12 ’ :

General Statement

Location « South flank of Wyoming Creek antiform (Map 2b).
Areal Extent = Approximately 100,000 square yards.

Number of Meaaurements.e 17 B, measurements.

2
Rock Types = Quartzites, para-amphibollte and mlcaceous

schists,

Geologists = L.C, Rowan and C.E. Larsen.

Geometrical Analysis

Symmetry - Nearly axial,

Scale - Mesoscoplc.

'Homogeneitx - Homogeneous with respeét to Bz.
Maximum = (a)., S35W, 55°SW,

Remarks =~ Comments made regarding the Bo~subfabric at

Station 10 are applicable here.
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Macroscopic:
Three subareas have been constructed by combining

statlons homogeneous‘with respect to Bse Map 3b shows
the uncontoured data keyed to the appropriate areas,
The macroscopic B_-subfabric symmetry is axial in Sube

2
area 2 and monoclinic in Subareas 1 and 3.
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SUBAREA 1

General Statement

Locatlion = West flank of Quad Creek synform, including
Structure Station 2 (Map 3b).

Areal Extent - Approximately 0.1l square miles,

Number of Measurements - 6 B, measurements.

Rock Types = Pink bilotite mlgmatite and quartzites.
Géolqg;sts - LeCe Rowan and C.E, Larsen.

Geometrlcal Analysls

This subarea is equivalent to Structure Statlon 2.
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SUBAREA 2

General Statement

Location =~ Nose of Quad Creek synform, including Structure
Stations 3 and 5 (Map 3b).
Areal Extent = Approximately o.,1 square miles,

Number of Measurements - 9 B, measurements, 3 of which are

from oriented samples showing refolding of Fl.
Rock Types - Quartzltes and migmatites.

Geologists - L.C. Rowan and C.E. Larsen.

Geometrical Analysls

Symmetry - Axial.

Scale = Macroscoplc,

Homogenelty - Homogeneous with respect to B,

Maximum - (a). SGOE, 10°SE,

Remarks = Although B2 is homogeneous here, 1t rotates
in strike around the Quad Creek Fo synform nose,
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SUBAREA 3

General Statement

Location - Nose and flanks of Wyoming Creek antiforﬁ,
including Structure Stations 8, 10 and 12 (Map 3b)e.

Areal Extent - Approximately l.l square miles,
Number of Measurements - 25 B2 measurements,

Rock Types - Pink blotlte migmatites, quartzites and para-

amphibollte,

Geologlsts - L.C. Rowan and C.E. Larsen,

Geometrical Analysis

Symmetry - Nearly axial.

Scale - Macroscoplc,

Homogenelity - Homogeneous with respect to Bpe

Maximum - (a). S35W, 57°SW.

Remarks = The dispersion of B, may be due to super=-
position, However, 82 ia also dispersed, suggesting
that thesge F2 folds are non=cylindrical and nonwplane,
The writer believes that this is due to triaxial strain
during F, folding, but it may be due to a later (F3)

deformation,
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SUMMARY

ge-subrabric - B2 measurements are not avallable at

stations where.Fl and Fz are not separable and are
scarce at bhe other stations., However, the data are
sufficient to demonstrate rotation of 90° around the
Quad Creek synform nose. In contrast, B, strike
parallel to the Wyoming Creek antiform axis, and F2
folds appear to be parasitically related to the

ma jor antiform. As previously stated, By and Ll are
generally parallel wlith Ba, but the largest divergence
in strike 1s approximately 37 degrees at Station 12,
The difference in By and B, dips may be about 30° here.
F, and F, appear to be nearly coaxial at Stations 6,

7, 8, 9 and 10, Strikes are approximately parallel.

at Stations 1, 2, 3, 4 and 5, but the B,=B, dip

separation is about 35° when measured from the horie

zontal,

C S, PRI b £
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.~ MAP1 GEOLOGIC MAP OF

LEGEND

CRETACEOUS
L BN FELSIC PORPHYRY

PRECAMBRIAN

PM PINK BANDED MIGMATITE
GM =553 GRAY BANDED MIGMATITE
PG CS57J PINK GRANITIC GNEISS

GG "] GRAY GRANITIC GNEISS

Q {7 QUARTZITE

A N PARA -AMPHIBOLITE

o) ORTHO~AMPHIBOLITE

AG AGMATITE

1 [T—3 IRON-SILICATE ROCK

BS MM BiIOTITE SCHIST AND GNEISS
P NI GRANITIC PEGMATITE

U IEEEZE UL TRAMAFIC ROCKS

DO MR MAFIC DIKES

M a3 METANORITE

FM 4588 FINE-GRAINED METANORITE
e

X

~

SYMBOLS

STRIKE AND DIP OF FOLIATION BANDING, S,
STRIKE AND DIP OF VERTICAL FOLIATION AND BANDING, S,
OBSERVED CONTACT
— INTERPRETED CONTACT
TRANSITIONAL CONTACT
SYNFORM AXIS

oy
F, SYNFORM AXIS
/

F, ANTIFORM AXIS

— FAULT, ARROW INDICATES RELATIVE HORIZONTAL MOVEMENT
200" CONTOUR INTERVAL

SCALE 1:2400



MAP OF THE  QUAD-wvo

\NDING, S,
IATION AND  BANDING, s,

HORIZONTAL MOVEMENT
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LARAMIDE PORPHYRY

AMPHIBOLITE

QUARTZITE

AGMATITE

BANDED MIGMATITE

PINK GRANITIC GNEISS

METANORITE 7
MAFIC DIKES

ULTRAMAFIC ROCKS
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MAP 20 — FOLIATIONS MEASURED AT STRUCTURE STATIONS

{a) Compositional foligtion, with contours at {-5-10-15 %
at Stations 3,9,10,11,12; 1-5-10% ot ail other
Stations.

(b) F, small fold axial planes, S, with contours at 1-10-18%
ot Sta. li; 1-5-10% at Stes. {,2,3,5; i-5-10-15%
at all other Stations.

(c) F, small fold axial planes, S,, uncontoured.

Bracketed numbers ore the number of measurements.

O @ Indicates constructed S axes.

a
22)

(13}

§ — . e —
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C3F] LARAMIDE PORPHYRY

CE] AMPHIBOLITE
] oQuaRT2ITE
AGMATITE
[PHG] BANDED MIGMATITE
PINK GRANITIC GNEISS
[CHH] METANORITE

CTT] MAFKC DIKES
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LINE LAKE

[
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MAP 30— FOLIATION IN SUBAREAS.

{a} F, small fold axicl planes,
S,, with contours ot 1-4-8%
in Subareas | and 2; 1-4-8
~-{2 % in Subareos 3 and
5; 1-4-8-12=-16 % in Sub-
area 4.

() & small fold oxial plones,
Sp, uncontoured.

Boundary symbols :

S

© Indicates constructed ﬂ oxes
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MAP 3a— FOLIATION IN SUBAREAS.

(o) F, small fold axiel planes,
S,, with contours at 1-4-8%
in Suboreas | and 2; -4-8
-12 % in Subareas 3 and
5; 1-4-8-12—-16 % in Sub-
area 4.

{b) E small fold oxial plones,
S,, uncontoured.

END

LARAMIDE PORPHYRY
AMPHISOLITE
QUARTZITE

AGMATITE

BANDED WIGMATITE
PINK GRANITIC GNEISS

METANORITE Boundary symbols :
MAFIC DIKES ———
ULTRAMAFIC ROCKS sz

. S| —————

© Indicates constructed 5 oxes

LINE LAKE
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LEGEND

LARAMIDE PORPHYRY

PINK GRANITIC GNEISS

METANORITE

MAFIC DIKES -
ULTRAMAFIC ROCKS

B §
|
;

NFORM

=T

QUAD_CREgx Liy
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MAP 3b—LINEATIONS IN SUBAREAS.

s L, Contours ot 0.66—2.0-4.0-6.0 % in Subareas
' ,3,6; 1-4-8% in Subareo 5; 1-4-8-12 % in
Subarea 2; 1-3—5-7 % in Suborea 4.
B, Contours ot |-4-8 % in Subarea 5; 1-4-8-12%
in Subareas 1,2,3,4.
B2 Uncontoured.
Numbers following linoc!ton- symbols are Suborec numbers.
Bracketed numbers are the number of mecsurements.
Boundary symbois: :

2
) (33)
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