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ANOMALOUS STRUCTURES OF THE BARABOO BASIN

IOCATION AND SIZE OF fHE BARABOO BASIN

The Baraboo synclinal basin of southern Wisconsin is located
in Sauk and Columbia Counties, Wis., along the 43°28'N Parallel, and
between the 89°30'W and 90°00'W meridiens. |

The basin, which varies from two to ten miles in width, is
formed by two roughly parallel quartzite ridges which extend approx-—
imately twenty eight miles west-southwest from the town of Portage.
They converge at both ends of the area to give the basin a canoce,
or spoon, shape. The town of Baraboo is situated in the geograﬁhic
center of the 225 square mile area.

For further information concerning the general location and
geography of the area, refer to the index map of the area on Plate I,
(Page 2) and the larger scale geologic map of Plate II, (Page 3).

GENERAL GEOGRAPHY AND PHYSIOGRAPHY OF THE AREA

North, south, and east of the quartzite ranges, the area is re-

latively low with level farmland in drift filled valleys. However, west

of the basin, the land is somewhat more brokgn and hilly, due to the
erosidn/resistant Lower Magnesium limestone which underlies the areas
The southern quartzite ridge (The South Range) forms the most
outstanding topographic feature of the area, for, due to‘its flatter
dips,’it is less vulnerable to erosion than the steeply dipping
quartzite of the Northern Range. Thus the South Range is broader,
and has greater relief than does its northern counterpart. The
South Range reaches an altitude of 1620 feet, and stands from 300 to

800 feet above the surréunding farmlend. The crest, which varies
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from 1 to 5 miles in width, is a gently rolling highland plain, with
a geries of flat or dome shaped bluffs suggestive of one or more ‘
peneplainationg. Inasmuch as the quartzite of the South Range dips
flatly to the north,.the slopes to the interior valley are gentle
compared to the southern slopes oveflooking the surrounding plain.

The North Range does not exceed 2 miles in width or 600 feet
in relief; nor is its crest as flat as that of the South Range.

It has been cut by streams at the Upper and Lower Narrows of the.
Baraboo River, and at the Nerrows Creek gorge. The southern ridge
is broken only by the gorge at Devil's Lake.

The Baraboo River, which carries draiﬁage waters from thg area,
enters the basin via the Upper Narrows, just north of the viilage of
Rock Springs, Wis. Once within the basin, it turns to the east, rough-
ly paralleling the northern ridge for approximately twenty miles before
leaving the area through the lLower Narrows, six miles northeast of
Baraboo. The Baraboo joins the Wisconsin River a few miles south of
the town of Portage. The valley drained by the river and its tributa-
ries vag{bé between 800 and 900 feet above sea level, and like the land
outside ;% the basin, consists of gently rolling farm and woodland.

Deyil‘s Lake, *the only lske in the region, is situated in a v
deep gorge in the southern ridge, about six miles south of Baraboo.

It has long been a tourist attraction because of its scenic qualities,
but students of geology have also been drawn here by the excellent
rock exposuress

The chief industry of the area is agriculture, and rich farm-
land abounds in and around the basin, with the exception of the

forested quartzite ridges. Although not strictly a "Barsboo industry",




the Badger Ordinence Works, located immediately to the south of the
basin along U. S. Route 12, exerts a considerable influence upon the
economy of Baraboo and the asurrounding region, for several thousand
people are employed at this plant.

The basin is easily accesible by major highways and paved second-

ary roads, and is served by the Chicego and Northwestern Rallroade.

Fennemsn (&) considers the Baraboo area to be divided by the physio-

graphic boundary between the Driftless area and the;Grgat Lekes Section.
PREVIOUS WORK ON THE AREA
The Baraboo basin has been of geologic interest ever since
1856, when DreJs G. Percivel (21) expressed the opinion that the
quartzite was asctually a metamorphosed facies of the Potsdem sand-
stone. later, in 1862, Dr. Jemes Hall (9) placed the age of the
quartzite as Archeans Dr. Re D. Irving discovered the Cambrian-
Pre~Cambrian unconformity in 1872, and later, in 1877, published
(with some apprehension) a paper which expressed the opinion that
the two quartzite ridges were, in reality, one vast limb of & major
enticline situated to the south of the area. C. R. vaﬁ Hise (30),
in 1893, substantisted these findings in a paper dealing with the
secondary structures of both ranges. In 1882, professor T. Ce
Chemberlain reported the possibility of ironm ore bodies in the basin,
but, it was not until 1900 that they were discovered by W. G. LaRue.
The most comprehensive report of the basin was made by S.
Weidman, in 1904 (34). He presented the first widely accepted theory
dealing with the structural geology of the area when he postulated
thaf the region was a complex synclinorium, with a reversal of pitch

resulting in the spoon shaped outcrop patiern. Much of the general




geology of this paper has been taken from Mr. Weidma#'s reporte
’”v>Van Hise and Leith studied the area between 1909 and 1910;
and published two ?apers (31 & 32) which delt with the basin in
a general manner. Later, Leith drew memny illustrations for his
textbookbon structural geology from the area (15). Since 1935,
when A. Leith summarized the region for the Kansas Geological Society
(13), numerous Mester's Theses dealing with the structural features
of the basin have been written, but only one of these papers mentions
several outcrops bearing drag folds and shears that are reverse to
those secondary structures which would be expected if they are to
be ascribed to a synclinal deformation of the area.
A STATEMENT OF PROBLEMS AND OBJECT OF THIS PAPER

The secondary anomaious structures were showm to me by Dr. S. A.
Tyler, during the fall of 1954. Two crops, on the South Range; one
by Skillet Creek, and a second near Devills Lake, bear drag folds
which indicate differential motion reverse to that which would be
enticipated in the structural setting of the crops. The two exposures
also show thin zones of underthrust shears which canmnot be accounted
for by normal differential motione

A @hird anomalous secondary structure was observed near Rock
Springs, Wis., in the massive quartzite of a large quarry along the
Baraboo River. Here, in the fracture cleavage zones of the guart-
zite, two sets of contradictory fracture cleavage were noted: one
normel set, resulting from differential movement between beds formed
during the folding of the syncline; the other: set opposing the normal
cleavages The object of this thésis is to explain the mechanics of

these anomalous secondary strucltures.
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| METHODS OF STUDY

During the fall of 1955, and the winter and spring of 1956, three
outstending exposures showing anomalous structures were mapped in
detail by Brunton and tape surveys. Particular attention was given
to dips, strikes, axial plene orientations, plunge, and otherﬁstruc-
tural phenomena. Oriented samples were taken, and sketches ﬁade, in
order that laboratory study could be continued during inclement
weather. The compilation of the mep and laboratory data resulted in
the arguments and ideas to followe

STRATIGRAPHY OF THE BARABOO BASIN

Plate III (Page 8) is a summerized stratigraphic column of the
formations in the aresa.

The oldest (Archean) rocks of the region comsist of rhyolite,
granite, and diorite, with the rhyolite being the predominant rock
type.

THE RHYOLITE

The most extensive area of rhyolite is located at the Lower
Narrows of the Baraboo River. It is a hard, pink, porphyritic rock,
composed of grains of feldspar and translucent quertz in a fine-
grained groundmess. The rhyolite which occurs in close proximity

to the overlying quertzite, has been sheared locally into a sericitic
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schiste ' ) .
THE DIORITE
Two smell erops of diérite, locally known as granite, are
situated near the town of Denzer, VWis. It is a medium-grained,
massive, reddish material, consisting of feldspar, hornblende, and
quartz, with accessory biotite, apatite, end iron oxides.
THE GRAWITE
There is one crop of granite along the main branch of Otter
Creek, on the southern side of the South Range. It is a gray to
reddish, medium-grained rock, consisting of feldspar, quartz, and
small percentages of ferromagnesium mineral.
The granite has been interpreted as intrusive into the overlying
quartzite by De. R. M. Gates (7)s Thus, it would seem that not all of

the underlying volecanic?rocks of the Barsboo area are of Archean age.
i

THE RELATIONSHIP BETWEEN THE IGNEOUS ROCKS AND THE BARABOO QUARTZITE

The mutual relationship of the three igneous rock types cannot
be ascertained, due to the lack of exposurese. However, it can be
shown that some of the igneous rocks antedate the overlying quartzite,
for fragments of similar, if not the same granites and rhyolites,
have been reported in the basal conglomerate of the quartzite.

THE BARABOO QUARTZITE

Inasmuch as the Baraboo quartzite forms the surrounding ridges,
and underlies the floor of the basin, it is the most common rock
type in the érea. The formation can be divided into two facies:
the quartzite, and a basal conglomerate that unconformably 6verlies
the Archean igneous rocks.

The phenoclasts of the conglomerate consist of rounded and

i
]
:
i
]
i
i
]
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angular fragments of rhyolite, but elseﬁhere, pebbles of white vein

quartz, black slate, and pink chert are abundant. The metrix con-

siste of water worn quartz grains, and stratified fine~grained

sediments.

The quartzite is a clean, well sorted, water deposited rocks
It is generally messive, but there are some thin beds measured in
fractions of an inch. The erosion resistant, hard, vitreous, pink
to purple guartzite generally shows well developed bedding planes.
However, due to a very deceptive color banding, and abundant cross
bedding, the tfue bedding may occassionally be concealed, confused,
or misinterpreted. Ripplemarks are not scarce in the quartzi@e,'but
here again, care must be exercised, for pseudo-ripplemarks do occur
on some weathered surfaces.

There ig gome disagfeement as to the thickness of the formation,
for it may be faulted. Fault displacement cannot be recognized be~
cause the quartzite contains no marker horizons, so that measured
sections may include fault repetition of some beds. Nevertheless,
most writers seem to agree to a thickness between 2,500 and 3,500 P
feet, Except for the basal conglomerate, occasional conglomeritic
horizons, and some slaty beds, the formation is remarkably free of
all impurities.

Microscopically, the quartzite is composed of rounded to sub-
angular quartz grains cemented by secondary interstitial quartz.
Meny of the original grains have been enlarged; their previous.
shapes being outlined by a thin film of impurities (chiefly finely
divided hematite) which retained its position on the original grain

in spite of the later overgrowth. See microphotograph # 1 (Page 17)e




The individual quartz grains frequently show undulatory extinction

and deformstion lamellae, which Riley (25) has gtudied and found to

be unrelated to the synclinal Polding.
The quartzite becomes increasingly slaty in its upper horizons,

end is gredebional with the overlying Seeley slate. As we will see

later, the interbedded quartzite and incompetent slate present &WWMW
optimum conditions Por the occurrence of such secondery evidences of : |
dynamic‘deformation ag fracture cleavage, dragffolds, and boudinage
gtructures.
THE SEELEY SLATE

The Seeley slate does not crop out in the area, SO that 2ll
informetion concerning it has been derived from drill cores. ”it is,
in general, & sof+t, gray, uwniform, Pine-grained, slaty rockes Alter- : §
nating bends, varying in texture and color, represent the original
stratification of the slate, but generally, a cleavage which cuts
the bedding diagonally, fofms the outstanding characteristic of the
rocks

The thickness of the formation ié bvelieved to be between 100
and 500 feet.

THE FREEDOM DOLOMITE

The Freedom dolomite 1s gradational, and conformebly overlies

the Seeley slate. Although it does mot crop out, considerable in-

formation has been collected concerning the dolomite, for its lower

horizons cerry low grade iron ore which was exploited during World

\

Yar I,
Eesentially, the formation consists of dolomite, or dolomitic

merble, interbedded with slate, chert, Perro-dolomite, and manganous




ferro-dolonite at the base.

THE UPPER BARABOO SERIES

At this positioa in the stratigraphic section, Leith (13) pro-
posed a breek in the Pre-Cembrisn deposition becauéeﬁ (1.) the
Dake quartzite (e younger formation, to be described later) has a
flatter dip than does the Baraboo quartzite to the north of the "Dake"
outerop: (2.) drill log date indicates that the Dake bevels the under-
lying Freedom dolomite; lying at times over the dolomite's lower
members. In addition, Leith suggested that the fragments of the Dake
quartzite conglomerate were derived Prom the underlying Freedom and
Baraboo formationse

THE DAKE QUARTZITE

ALeith has deseribed two additional Pre-Cembrian formetions: the
Dake quartzite, and the Rowley Creek slate. The slate is not known
to crop out in the Baraboo region, snd the quartzite, although be-
lieved to crop out, cannot be proven to do so, becauge of its re-

semblance to the Baraboo quartzite.

The Dake, which is thought to have & maximm thickness of 214
feet, consists Qf a sericitic, chloritic gquartzite. However, much
of its tbickness consists of a coarse conglomerite, with phenoclasts
of Baraboo gquartzite and red jasper pebbles from the Freedom dolomite;

THE ROWLEY CREEK SLATE

This formation has been encountered in drill holes in the
eastern part of the district, where it has been found to have a
thickness varying between 40 and 150 Peete

The gray sericitic slate contains some chlorite and quartz, and

must bear some iron, for it has oxidized to a red color along bedding




and cleavage planes.
CORRELATION WITH OTHER PRE-~CAMBRIAN AREAS

Due to ihe great digtances between the major areas of the Pre-
Cambrian of the lake Superior region and the Baraboo area, correlation
with the other Pre~Cambrian rocks is highly problematicals.

‘However, the Baraboo series greatly resemblés the lithology,
succession, and structure of some of the known Middle Huronian rocks
of *he lake Superior region. ILeith (13) was content to classify the
Baraboo Series as Algonkian, and it is not my purpose to correlate
the section further.

THE PALEOZOIC FORMATIONS

Inasmuch as this report does not concern the Paleozoic rocks
of the region, I shall only summarize their characteristics. -

They are generally flat lying, massive, clean quartz sandstones,
with some interbedded horizons of shale, conglomerate, siltstone,
dolomite and greensend. The maximum thickness of the Paleozoic rocks
in the interior velley is probably somewhere between 400 and 600 feet.

For details of the Paleozoic rocks in the area,‘the reader is
directed to a Ph. D. thesis by J. Me Wanemacher (33).

THE PLEISTOCENE

It is possible that the Illinolan ice sheet/covered the eastern
end of the Baraboo region, but no positive evidence exists. However,
ice from the Green Bay lobe of the Wisconsin stage of glaciation did
enter the area from the east, stopping midway through the basin. The
terminal moraine lies just west of the town éf Baraboo. The ice sheet
covered the quartzite bluffs as well as the interior valley, and
resulted in a glacial lake in the western half of the basin;

}




For details concerning the glacial geology of the-district,

G. He Smith's "Physiography of the Baraboo Reange of Wisconsin® (28)
is recommended.
REGIONAL STRUCTURE

Since Weidman's paper, the Baraboo area has beenvaccepted as
a synclinal trough with a revafsal of plunge resulting in the spoon
shaped basin of quartzite.‘ More recent studies, dealing with the
secondary structures of the area have substantiated Weidman's general
theorye.

The southern limb of the syncline, although somewhat crenulate,
strikes generally N75°PE and dips flatly to the north. The noythérn
limb is steeply inclined, with dips Vgrying both north and south of
verticality. The basin strikes approximately E -W. The geology of
the east and west ends of the basin is more complex than that of the
longer dimensions of the valley, but dips are generally toward the in-
terior of the trough. Thus, there seems little reason to doubt that
Weidman's original conclusions concerning thevoverall structure are
incorrect.

To date, folding has been assumed to dominate the structural
picture’gf the basin, mainly because the complete lack of marker

horizons mekes recognition of fault displacement difficult.

DESCRIPTIONS OF THE PERTINENT EXPOSURES

THE SKILLET CREEK EXPOSURE
The first, and most outstanding crop considered is a vertical ex-
posure about 200 feet long, and from 1 to 20 feet highs It is located

on the South Range, 4,000 feet east of the intersection of U. S. Route

14




12 and State Highway 159; 1,000 feet south of highway 159, on the easi-
ern bank of Skillet Creek. (T. 11 W., Re 6 E., W%, SEL, NWE, Section
14y, “ | "

Like the exposure at the entrance to Devil'é Iake, to be describ-
ed later, this crop bears drag folds end shears that cannot be explain-
ed by normal differentiél movemente

Differential movement involving incompetent beds sandwiched be-
tween competent beds often results in drag folds, with axial planes
which dip away from the major anticline. (See Plate IV, Part A.
page 53). Thus, it can be seen that the axial plane of a normal
drag fold situated on the northern limb of an east-west trending.
anticline should dip northwerd, and strike parallel to the major fold.

The Skillet Creek, and Park Entrance crops are located on such
a north limb, but only a few drag folds with north dipping axial
planes cen be found. Instead, the predominent dip is to the south-
east, whereas axial plane strikes, although varying, sre predominatly
northeasterly. These folds are therefore considered to be reverse
and abnormal drag folds, for they do not fit the regional pattern for
normal secondary drag foldse.

The rock of the exposure varies from pink to gray, and consists
of Baraboo gquarizite and interbedded quartz schist, overlain by a
few feet of a more slaty rock type. Stratigraphically, it represents
the gradational contact of the upper portion of +the Baraboo quartzite
and the Seeley slate, although massive quartszite occurs above and
below the exposure. The true thickmess of the interbedded rock be-
tween the two gones of confining quartzite was calculated to be

approximately 25 feet.
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I have divided the exposure into four zones, or units, in order to
facilitete discussion of the rock and its behavior during deformatione

Plate V (Folded Enclosure # 1) is a vertical projection of the
crope It shows the limit of the zones, and the location of the various
Teatures to be discussed.

locations of phenomena under consideration will be given as
follows: ®21' x 3", The "21'" corresponds to the horizontal dig-
tences on Plate V, and the "3'", the vertical elevation above the "21'"
marke.

THE MASSIVE QUARTZITE ZONE

The first unit to be considered is that rock underlying “he
mapped portion of the exposure on Plate Ve It may be seen to consist
of %typical massive, vitreous, cross-bedded, pink quartzite, with
occasionel fracture cleavage zones. Photograph # 2 (Page 17) shows
fracture cleavage of the massive quartzite zone under discussions
Thig fracture cleavage dips 60°N, and strikes N80°E. The dip and
gtrike of the bedding is N80°E and 20°WW. Thus, the relationship of
fracture cleavage and bedding verify the theory that a roughly east-
west anticline formerly existed to the south of the ares.

THE BUCKLED QUARTZITE ZONE

Overlying the magsive quaritzite zone there are several beds
of quartzite varying in thickness between six inches and two and
one half feet. These beds extend from location 22' x O', where the
uppermost bed emerges from the soil cover, to location 193' x Of,
vhere it dips from view. Although the quartzite is relatively unde~
formed, it is not always possible to follow any one bed of the unit

over the entire length of the crop because they become schistose
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Microphotograph # 1. ’

A quartz grain showing secondary
enlargements The original grain boundary
is merked by a finely divided hematite

ring. Magnified 143 timese

Photograph # 2.

Fracture cleavage in the Massive
Quartzite Zome of the Skillet Creek Ex-
pogure., Cleavage planeé strike and dip
NGOPE, 60°MW. Bedding: strike NGOPE, dip

20°NW. Six inch rule gives scalee

~
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locally.

A typical exemple may be observed at the offset in the crop at
the 100' maerk. The two foot bed at location 97" x 2%’ should overw-
1y the two foot bed at the 109' x 2%' mark, but instead, there exists
a mixture of sheared and platy quartzite which must represent the
bed at the 97' mark, for faulting could not be detecteds A discussion
of the origin of these sheared and platy zones will follow in a later
section.

Strikes of the quartzite beds in the unit vary somewhat because
of local buckling, but the trend is roughly N?OOE. Dips also vary,
but are generally to the northwest at, or near, 20°W.

At locations 33' x 33' to 45' x 23', and other scatiered spots
in the quartzite of this zone, white quartz can be seen to fill'
sbérply defined gash veins. See photograph # 3 (Page 20). The gash
veins generally dip between 7503 and 75°N, end strike between N60°E
and N75°E. The strikes indicate that the stresses which resulted
in the relativé motion between beds had a northwest-southeast trend,
thereby relating them to the primery folding of the area.

The quartz of the veins is coarse-grained, shows an allotrio-
morphic texture under the microscope and contains occasional large
grains of platy specularite. The quariz vein quartzite boundary was
found to be indistinect, leading to the conclusion that some quartzite
had recrystallized. The hematite of the quartzite probably regrouped
in these veins to form the large specularite grains previously men-
tioned.

It is of interest that at location 149' x 4' the gash veins are

oriented at right angles to the bedding plane, suggestive of tension
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fractures in an extremely competent rock.

Local upwarp between the 57' and 70' marks has caused a minor
fault in the uppermost of the two quartzite beds at the 69" x 3!
mark. The fault plene strikes N30°E, dips 43°S. See photogreph # 4,
(Page 20). Associated shear cleavage suggests that either the hang-
ing wall was thrust over the footwall, or the footwall under the
hanging walle

Fracture cleavage (N80°E, 40°N) betwsen the two beds indicates
that normal differential motion occurred at one time. Probably the
beds buckled upward, locally, but still remained sufficiently competent
to transmit stress from the northwest. This stress forced the £00tm
wall under the hanging wall. It seems improbable that the henging
wall was overthrust to the northwest, because the underlying normal
frécture cleavage between the two beds is intact. BShould there have
been a reverse motion, the existing fracture cleavage, already a
plane of weakness and shear, would have been ground to a gougee

Another interesting feature of the buckled quartzite zone is
the "8" shaped fracture cleavege planes developed in the guartzite
bed at location 80' x 1'. See photograph # 5, (Page 24). The shears
measure about a foot in length, end are rather widely spaced. The
pecular "S" shape of the cleavage planes can be explained by a
variation of competence within the bed, causing the fractures to be
refracteds Near the edge of the bed, Plow cleavage accounts for the
smallef angle between the bedding and fracture cleavage planes. The
orientation of the cleavage planes indicates that the overlying
naterial moved to the south with relation to the underlying rocke

The cleavage plenes have an E-W, 60°N orientation. This phenomena




Photograph # 3
Quartz filled tension fractures at
location 33' x 33!, Skillet Creek Outcrop.

Six inch rule gives scale.

Photograph # 4
Underthrust fault at location 69' x
3'; Skillet Creek Exposure. Six inch

rule gives scale.







will be discussed in more detaii in a later section of the paper.

At the 119" x 6' -~ 124! x 10" marks, there is a normal over-
thrust fauvlt. Here, a mass of quartzite, one foot thick and six
feet long has been thrust southwerd, and over a non-yielding section
of the seme bed. The dip end stirike of the fault plane is N75°E,
78°N.

The remainder of the Buckled Quartzite Zone, between the 148
and 193 foot marks, is not well exposed.

THE QUARTZ SCHIST ZONE

This zone is best developed over and between the 22' x O and
100" x 3' markse It consists of that material overlying the gppér;
most massive bed of the Buckled Quartzite Zone, and underlying, but-.
inecluding, the discontinuous, buckled, lensatic, fractured and
sheared magssive quartzite bed traceable from ground level at the
15" mark to a épot seven feet high at the 97' mark. The zone is
not well demarcated between and above the 100' x O' and 200' x O'
marks, but can be considered as that platy quartzite and quartz
schist, between (and including) the uppermost and limiting recog-
nizable quartzite bed, and the continuous massivg quartzite of the
Buckled Quartzite Zone.

: The color of the rock varies from the characteristic pink of
the massive quartzite beds, to flesh and gray ltones in the more
schistose material.

Close examination of any weathered schistose area will reveal
minute bands of quartzite, standing in relief above thin, less resis-
fant micaceous bands. Evidence of former bedding plenes could not

be found at the crop, or in thin section, leading me to believe that
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(1.) the bedding hes been obliterated, or (2.) the schistosity is
parallel to the bedding. Inasmuch as the schistosity is generally
parallel to the underlying quartzite beds, I faver the later al-
ternative.

It is egpecially characteristic of this zone that many massive
quartzite beds may be traced into quartz schist over relatively
short distences. This phenomena is especially prevelent in that
area between the 103' and 200' marks, where all stages of trans-
formation from magsive beds, through platy quartzite, to quartsz
schist may be found. In every case, development of the queriz schist
seemg to be related to normal adjustment of the rock to the Priméry
folding; the conversion starting as normal fracture or flow cleavage.

R. E. Rettger (24) explained the megascopic and microscopic
development of fracture cleavage in the qﬁartzite'of Devil's Lake,
and his explanations and descriptions seem to apply to the quartiz
schist of this crope. Rettger observed that as differential motion
between beds was initiated, flow cleavage, at low angles to the bed-
ding plane, developed along the edge of the bed; gradually working
towards the center of the bed as movement progressed. A4s bedding
élip continued, the stresses could not be dissipated at the edges
of the beds, and fractures at high angles to the bedding formed.
These fractures, although at high sngles to the bedding (60°) are
guided by the earlier developed flow cleavage planes along the |
edges of‘the beds, resulting in "S" ghaped fracturese. As the rock
became more thoroughly fractured into plates, progressively more
flow cleavage developed until the final product of the two more or

less contemporaneous types of shearing was the conversion of much
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of the massive quartzite into quartz schist.

No doubt, most of the quartsz schiét formed as the result of
slippage belween adjacent quaritzite beds, and fracture cleavage
played only a minor roll.

Photograph # 6 (Page 24) shows a few of the stages of trans-
formation of a quartzite bed intc a quartz schist due to contempor-
aneous fracture and flow cleavage.

Evidence of overthrusting is abundant in the guartzite of this
unit, but only two of the more outstending exémples will be sited.

S8ix feet above the 105! mark, a six inch quartzite bed can be
seen to be overﬁhrusf to the south. See photograph # 7 (Pag§,25).
Accompanying this thrust fault, under the overthrust portion of the
bed, a series of shears have developed in the quartz schist. Thej
strike N20°E, and dip 45°NW. If the theory of the sfrain ellipgoid
were to be applied to this fault, with the axis of easiest relief
striking NW-SE and the intermediate axis striking approximstely
W20°E, the shears would coincide with the shear plenes predicted
by the theorye.

Another excellent occurraice of overthrusting can be seen at the
163' x 4' mark. See photograph # 8 (Page 25). Here, a series of
guartzite beds have been tightly folded, as though preliminasry to
overthrust faulting. However, the fault failed to develoy® in three
of the thin beds. The result is a tight overthrust fold (overthrust
to the south) measuring eighteen inches in height, and illustrating
the former flexibility of the rock, for it is remarkably intact in
spite of the brittleness of the quartzite. That the beds were éomp

petent at the time of folding seems apparent, since quartz filled




'"Photograph # 5
Massive Baraboo quartzite bed bear-
ing "S" shaped fracture cleavage. 8ix

inch rule gives scale€e

'"Photograph # 6
Hend specimen of quartzite showing "g"

shaped fracture cleavage in the massive

quartzite: flow cleavage (and quartz
schist) near the edge of the bede 8ix

inch rule gives the scalse







'Photograph # 7
Overthrust fault at location 105' x

6'; Skillet Creek Exposure. Six inch rule

gives the scale.

'Photograph # & .
Overthrust fold at location 163! x
47, gkillet Creek Exposure. Six inch rule

gives scale.
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tension fractures, at right angles to the bedding, occur on the over-~
turned 1limb of the folde.

Shear cleavage along the bedding slip fault immediately over
the fold indicates that the southward movement continued along the
fault, possibly bringing the folding to an end by dissipating thé
stresses. The dip and strike of the shear cleavage of this fault
is N70PE and 38°N.

The axial plane of the fold dips 68°NW; and strikes N?OOE.
Thus, the trend of the shear cleavage and the fold agrees with
that of the beds; relating this secondary structure to the primary
folding.

 As suggested previously, the uppermost quartzite bed of this
unit has suffered considerable shearing which has resulted in the
development of all stages of boudinage and related structures in
the beds. The boudins, which vary in size from 4" x 15" to 13" x
18", also vary in cross section from lemsoid to circular, and are
characterized by a tendency to exfoliate, perhaps due to a schis-
tosity which developed parallel to the sides of the boudin. The
bouding are the result of differential movement or slip of the
slate or guartz schist over the competent quertzite bed; the result
being tensional stresses which developed in the competent bed and
tended to part it at right‘angles to the bedding plene., Once the
bed was parted into blocks, the incompetent schistose material
squeezed into the voids left by the parting. The shear resulting
from this void £illing process rounded the corners of the quartzite
blocks, resulting in their ovoid or lerisoid shapess

Tension fractures, or gash veins, in the buckled quartzite
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bed have also been £illed with the white quartz, characteristic of
the underlying Buckled Quartzite Zone.

Between the 15' x 1! and 51' x 3' marks remnants of the bed,
and boudins, may be seen to be completely isolated from each other
by areas of guartz schist. However, their pattern of occurrence
parallels that of the underlying intact beds; and inasmuch as
evidence of faulting could not be found, it must be assumed that
the bed in question has been locally sheared beyond recognition.

Many minor reverse drag and chevron type foids were obgerved
in this zone, but only a few normal drag folds could be identified.
The axial planes of the normal drag folds dip to the northwegj
between 20° and 82°. The strike of the axial planes varies between
N55°E and N85°E. The folds plunge to the northeast without ex-
ception. Both sets of folds (normal and reverse) are equally de-
veloped with regards to dimension, for they seldom exceed three
inches in crest to trough or wavelengfh measurement, and smaller
folds are more the normal.

| The strike of the axial planes of the reverse drag folds varies
considerably, with the extremes being N15°E and N8O°E: howevér, the
general trend is about N55°E, which as we shall see later, is the
trend of similer Polds at the Devil's Lake Exposure. Dips of the
reverse fold axial planes also are. irregular, but range between 59
and BOOSE. The folds plunge to the northeast; generally flatly.

There seems %o be no. set pattern of occurrence for the reverse
drag folds, as they exist everywhere outside of the major quartzite
beds. A number of the more prominent folds have been plotted on

Plate V, but it would be impossible to plot all of the folds due 1o




their large number, minute size, and poor exposures Photograph # 9 -
(Page 29) illustrates the general appearance of some of the betier
developed reverse drag folds. The origin of these folds, which is
the mejor problem invelved in this study, will be discussed under

a later section of the report.

Accompanying, snd gradetional with the reverse drag folds of
this unit is another type of secondary fold which resembles reverse
drag folds superfiecially. However, upon closer exemination, these
folds may be seen to be unlike drag folds in that they have chevron
type crests and troughs. The chevron fold dimensioﬁal range, axial
plane and plunge trends are the same as their drag fold associaﬁés,
and inasmuch as the two fold types are gradational into each other,
I consider them to represent the same deformetion. 1In all cases,
they seem to indicate reverse differential motion with a north~
west-southeast trend. One character of their occurrence seems of
notes they occur in the more guartzitic areas of the zone, and, as
will be seen later, are less abundant in the overlying, more mica-
ceous slate.

Assoclated with the chevron folds are minute shear planes
which cut through some of the folded areas. The shears tend to be
guided by the flanks of the folds, which suggests a genetic asso-
ciation between the two secondery structures. The sitrike of ihe
shears is remarkebly parallel to that of the axial planes of the
folds. It would sppear that the rock folded in chevron fashion,
and later sheared when folding could not entirely accommodate the
stresses. Photograph # 10 (Page 29) and # 11 (Page 31) illustrate

the chevron fold-shear relationship. This theory of fold, shear
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" Photograph # 9

Reverse drag folds at location 24'4 x

3%s Skillet Creek Exposure. Six inch rule

gives scalece

" Photograph # 10
Hand specimen showing underthrust
‘shears, shear folds, and chevron folds.

Six inch rule gives scale.
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shear plane relationship is strengthened by the fact that shears
die out into chevron folds. - (Note Photographs # 10 & 11)

On the other hand, however, shears were noted to offset the
schistogity of the rock in such a fashion as to form shear folds
strongly resembling the chevron folds mentioned previouslys. These
shear folds may also be seen on photographs # 10 & 1l. To further
complicate the problem, shears, independent of folds were also
observed; particularly in thin bands of schist sandwiched between
more competent quartzite. The offset lineation of these shears
can be considered as shear cleavage slong a fault, and a study of
the phenomena revealed that in every case, the footwall moved. to
the east or southeast with relation to the hanging walle. The
problem of which came Ffirst, the shears or the folds, seems to
call for a compromige, inasmuch as shears occur without folds,
and folds occur without shears. Most probably, the two features
are contemporaneous, and related to the same origin.

The dip and strike recordings of the shear planes vary be=
tween N10°W and N55°E, with constantly flat dips to the east and
southeast. Upon weathered surfaces, these shears produce a distinct
south dipping lineation in the rocks. See photograph # 12 (Page 31).
The removal of the sheared material along the flanks of a series of
chevron folds by erosion, causes the unsheared crests and troughs
to stend in relief. In other cases, the shear affects the entire
flank of & series of folds, whereas the opposing flank remains in-
tact;

Although the shear planes are best developed where the lineation

is distinct, they may be observed over the entire outerop in the more
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Photograph # 11
Hand specimen showing underthrust
shears, shear folds, and chevron folds.

8ix inch rule gives the scale.

‘Photograph # 12
South dipping lineation produced by
erosional removal of sheared flanks of re-

verse folds. Six inch rule gives the scale.
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schistose material, thereby indicating that they are not local
phenomena.

The interpretation of these sheers will be presented in a
later secticn of this pepere.

THE SLATY ZONE

The uppermost unit of the Skillet Creek Exposure consists of a
schistose micaceous rock which bears numerous reverse drag folds,
but no normal drag foldse The unit is continuous over the length of
the exposure, and is easily located, for it rests uvpon the uppermost
guartzite bed of the sheared and platy quartzite zone, and extends
upward to the soil cover over the crope It contains no msasqrable
quartzite beds, although thin stringers of quartzite may be seen
upon close examination. In fresh hand specimen, the gray to buff,
Pine-grained, talcy feeling rock exhibits a poorly developed un-
dulatory cleavage which either coincides with the bedding, or has
completely destroyed it. When held in good light, small grains of
quartz end hematite can be identified, but no other minerals were
recognized megascopicallye

In thin section, the slate consists of minute grains of quartz
and fine-grained sericite. Lesser amounts of other micaceous mineral
are no doubt present, but could not be identifieds In most areas of
the thin sectlions, the micas have a parasllel to sub-parallel orienta-
tion with the sinuvous and folded planes of schistosity. However,
occasionally the micas are oriented at angles to minute shear planes
much as sghear cleavage is oriented alongvlarger scale shear planes,
large platy grains of hematite also occur in pafallel orientation

with the nmicas.




Included in the schist are numerous stringers and lenses of
fine-grained guartzite which are generally folded and contorted
with the schist. See microphotograph # 13 (Page 34). Within the
stringers, the quartz grains may be seen to be somewhat elongate
in the direction of schistosity, suggesting secondary growth
parallel to that direction. Sericite and flakes of hematite also
occur within the stringers, in well developed parallel orientation.

Inclusions of white quartz, apparently of the same age and
character as the quartz of the tension fractures of the lower units
mey be seen megascopicaily in the slate. The quartz tekes the form
of lenses, often parallel to the schistosity (See photographl# 1L,
Page 34), but at times is e%idently rotated at angles to ite. The
result ié an apparent deming of the slate behind the rotated lenses,
as though flowage of the schist had occurred. See bhotograph # 15,
(Page 35)e

Other occurrences of white quariz take the shapes of drag
folds, (See photograph # 16, Page 35) and suggest replacement, or
£illing of dilatent areas produced by foldinge In many instances.
the drag fold forms also appear to have been rotated after their
formation, for their present position does not coincide with the
planes of schistosity, or other drag folds. The quartz drag folds
must be considered as being contemporaneous with the reverse drag
folding of the schist, for although they take the form of folds,
the Pact that some have been rotated indicates that movement within
the schist continued after their formation.

In thin section, the quartz drag folds appear to be composed of

coarse allotriomorphic quartz grains which formed by recrystailization




Microphotograph # 13
Stringer of folded fine-grained
quartzite. Slaty Zone, Skillet Creek Ex-

posure. Magnification is 18x.

Photograph # 14

White quartz lenses in parellel orient.
ation with the schistosity. Slafy Zone of
the 8killet Creek Exposure. 8ix inch rule

gives the scalee
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Photograph # 15
Rotated lense of white gquartz, with
apparent deming of the schist behind it.

Slaty Zone of the 8killet Creeck Exposure.

8ix inch rule gives the scale.

Photograph # 16

White quartz in the form of a drag
fold. Slaty Zone of the Skillet Creek

Exposui'e. 8ix inch rule gives the scalee.
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of the fine quartz grains of the previously mentioned thin stringers
of drag folded quartzite. See microphotograph # 17, (Page 37).
Further indication of recrystallization, or replacement of the quart;
zite siringers can be seen in microphotograph # 18, (Page 37) where
the gquartz-slate contact has a cusp and caries texture. Other such
contacts are sharp, leading me to believe some stringers were dise
located after they recrystallized.

The case of the quarizite lenses may be somewhat different,
because no direct replacement criteria were observed. However, the
lenses do contain stringers of mica, suggesting a replacement of
material in a dilatent zone along a shear plane. Quartz lenses
are not uncommon along shear planes, and, in fact, a few may be seen
in the quertzite units of this exposure. It seems reasonable to
infer that the lenses of slate have similar origins, but that many
heve been rotated out of position by subsequent adjustment in the
slate.

As in the quartz schist of the underlying unit, differential
weathering has resulted in a lineation caused by shear plenes guided
by the flanks of chevron folds. Like their lower counterparts,
these shear planes tend to die out into chevron folds, and indicate
that the footwall has underthrust the hanging wall. As stated pre-
viously, messurements taken on the shear planes of both zones in-
dicate that they dip flatly to the east or southeast, and strike
N10°W to N55°E.

Although the lineation produced by the weathering of these
shears does not occur over the éntire length of the unit, ineipient

shear planes can be found almost continuously along the exposure.




Mierophotograph # 17 i
White, optically uniform guartz re-
placing fine-grained quartzite of a minute

"VQuérfbi%ébéfringer. Slaty Zone of the

skillet Creek Exposure 47 X.

Microphotograph # 18

Cusp and caries contact of white quartz

lense and slate. Slaty Zone of the Skillet

Ureek Exposures. 53 X.
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Inasmuch ag they go hand in-hend, it éould be expected that
chevron and shear folds would occur with the shear zones; snd this
is the case, although chevron folds are lesg abundent in the ﬁlgiy
horizon. The folds vary in size from less than an inch to four
inches along the wavelength dimension.

Reverse drag folds and minute crenulations are the outstanding
feature of this micaceous zone; probably because of its higher mica
content as compared to that of the underlying quartz schist. Thus,
it would seem that the slate tended to flow, rather than shear, in
response to the forces acting upon the unit. The drag fold axial
plane orientations are the same as those of the quartz schist zoﬁe,
in that they strike generally'N55°E, and dip to the southeast. No
normal secondary structures could be found in the Slaty Zone, which,
as we shall see later, is highly signifigant. A ten foot face of
the massive quartzite which stratigraphically overlies the mapped
area occurs approximately 300 feet to the north, down the dip slope.
from the exposure. This rock is massive, cross bedded devoid of
fracture cleavage and homogeneous. Dip and strike recording (N55°E,
18°NW,) indicate conformity with the umderlying quartzite.

The actual thickness of the quartzite overlying the Skillet
Creek horizon can not be determined due to overburden and cover by
the Cambrisn Dresbach sandstone, but it is knowto be at least 150

feet thicke.

THE PARK ENTRANCE EXPOSURE
A second, less revealing crop, which bears anomalous drag folds

and shears may be found on the western slope of the valley leading
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to the northern end of Devill's Leke. (T. 11 Na, R. 6 E., SE}, SEZ,

\E%, Section 14). The exposure mey be reached by pacing 420 feet

(S§O°E) from the entrance gate of Devil's Lake State Park, along

the road leading to the park area at the north end of the lake: +then,
166 feet S10°W from the 420! mark. Although there is a considerable
length of crop scattered about on the hillside, I have mapped only
that portion of the exposure that bears the reverse structures under

consideration. The mapped area is about 85 feet long (Trend N20°E),

and does not exceed 10 feet in height. The northern end of the crop
is 44 feet above the level of the previously mentioned roadae

As in the case of the Skillet Creek Exposure, massive quarﬁzite
occurg both above and below the zone, so that the horizon of relative-
1y incompetent rock is sahdwiched between competent beds of quartzite.
The total fhickness of the horizon under consideration was calculated
to be approximately 12 feet. A scale drawing of the vertical section
mey be found on Plate VI, (Folded enclosure # 2). locations mention-
ed in the description of the exposure will be given as in the pre~
vious crop discussion. Three outstanding rock types occur at the
expoguret: - thus, I have divided the crop into three units.

THE MASSIVE QUARTZITE ZONE

The rock underlying the crop was not mepped, but is known to
consist of magsive flegh to pink colored cress-bedded quartzite.
which is highly jointed. < The rock is very uniform, and some diff-
iculty was encountered in Pfinding fracture cleavage zones to verify
the existance of a major anticline to the south of the crop. Very
thin fracture cleavage zones were found, however, and the cleavage

planes were noted to strike N88°E, and to dip 65°N, thereby indi-




cating that normal differential motion has occurred in the underlying
quartzite. The bedding plane dip and strike is N75°E, 20°NW.
THE BUCKLED QUARTZITE ZONE
This unit may be considered es the material underlying the
quartzite bed which extends from the O' x 1! location o the 761 x

55! merk. The unit compares with the Buckled Quartzite Zone of the

- Skillet Creek Exposure, in that it consists of bedded quartzite

intermixed with slate and quartz schist.

The color of the unit is generally pink, due to the predominance
of quartzite, but flesh tones occur in the quartz schist, whereas the
intermixed slate tends to gray or black.

‘Because of the buckled nature of the quartzite beds of the unit,
dip and strike recordings taken along the crop vary considerably
(N25°E to N75PE), with the averasge trend about NA6PE; all dips are

to the northwest. The beds are generally continuous, and range in

thickness between six inches and a foot. Thus, they are relative-
1y compétent in comparison with the interbedded quarts schiste In
addition to buckling, the quartzite beds have been subjected to differ
ential shear which has resulted in numerous partially to completely
developed boudinage structures. (16' x 43!, 23' x 4, 26' x 3, 40!
x 33') See photograph # 19 (Page 42)e In many cases, white vein
guartz mey be observed in the tension cracks between boudins, whereas,
other cracks contain slate that has flowed into then.

Another outstanding feature of the quartzite of the unit may
be found at location 70" =x 6', where a large normel drag fold occurs
in a one fool thick quartzite bed. See photograph #f 20 (Page 42).

The fold measures six feet from erest to trough, and has an axial




piane which strikes N58°E, and dips 81°NW. Thus, the fold agrees
with the ovérall structural picture of the South Range.

The micaceous rock of the unit bears numerous minute gecondary
structures which are similar to those of the Skillet Creek Exposure.
However, outside of the previously mentioned normal drag fold in the
guartzite, only two other normel drags could be identified in the
less competent quartz schiste Doth of these folds had northeasterly
axial plane strikes, and dips to the northwest.

A nunmber of reverse drag folds, none of which exceeded three
inches from crest to trough, or wavelength dimension, were noted
in this zone. The axial plane strikes vary from N25°E to N8Q°E,’but
the average trend is N56°E, which agrees remarkably well with the
general trend of the folds of the Skillet Creek Exposure. The axial
planeg dip to the southeazst, whereas plunges are flat and to the
northweste

Although inciplent shears may be seen in all the micaceous
material of the unit, they are developed sufficiently for measurement
in only one location. (31! x 23') Here, they have a strike of N55°E:
dip of 11°SE. As in the previous cases, the shears are associated
with minute buckle or chevron folds, and essentially teke the position
of the axial planes of the folds.

The development of reverse drag folds and shearslin this zone
was impaired somewhat because of the predominance of massive quart-
zite beds which confined the interstratified schist in such a manner
that the vertical space required for drag folds was not available.
Similarly, large areas of underthrust shears were prohibited.

THE SLATY ZONE

4y




Photograph # 19

Boudinage structure at the Park Entrance

Exposure. Geologic pick gives scalee

Photograph # 20
Large drag fold in the Buckled Quart-
zite Zone of the Park Entrance Exposure.

Geologic pick gives the scale.
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Overlying the uppermost guartzite bed of the Buckled Quartzite
Zone iz one to six feetl of a slaty rock type which contains no
measurable quartzite beds.' The rock, which is gray, micaceous, and
extremely crenulated, also bears lenses and drag fold forms of
white quarté, similar to those of the Skillet Creek Exposures The
unit contains no normel drag folds, although numerous reverse drag
folds were observed. The average axial plane trend is N56°E, whereas
the dips are to the southeaste None of these folds exceeds three
inches in dimensions : 5

Two additional areas of messgurable uvnderthrust shear planes
were located in this unit, although there are incipient shears over
its entire length. The two zones have strikes of N75°E and E-¥;
dips are 20°SE and 9°SE respectivelys

As previously mentioned, the slaty unit at the Park Entrance
Exposure containg ineclusions of lense shaped white quartz from one
to three inches in length. These lenses oécur both parallel to, and
at angles with, the schistosity, suggesting rotation after formation.
Drag folded quartz forms were also observed in various orientation
with regards to the schistosity.

Stratigraphically overlying the crop, and down & dip slope
Prom it, there is a face of massive quartzite approximately 20 feet
in thickness. This quartzite, although highly Jjointed, does not
contain fracture cleavege zones. The dip and strike is N85°E, 25°NW,
suggesting conformity with the underlying rock.

In summary, it seems apparent that this crop contains all the
structures and characteristics of the Skillet Creek Exposure and

that in every cese the dips, strikes, underthrust shears, and axial




plane orientations of both normel and reverse drag folds agree with

those of the Skillet Oreek Exposure.

THE SECTION 25 EXFPOSURE

4 third area of reverse structures, approximately six miles
southwest of the Skillet Creek and Park Entrances Exposures (T. 11N,
Re 5 E., NEZ, SEZ, SWE, Section 25) was referred %o in the Master's
Thesis of C. J. ﬁeith”(lé). The area was visited, and found to bear
folds and erenulations similar to those discussed previouslye

The crop, which is located in a wooded pasture, consists of
epproximately 200 yards of scattered exposures of interbedded qﬁartz
schist and massive quertzite. The quartzite is the typical medivme
grained, pink, cross-bedded rock described previously, but the quartz
schist is more coarsely banded than the schist at the Skillet Creek
or Park Entrance Exposures. In many cases, it still retains the
pink color of the quartzite, and seems to be more of a sheared quart-
zite than a quartz schist.

The folds in the schist differ from true drag folds in that
they are open crenulations, more suggestive of slight buckling along
shear planes than closed drag folds. These crenulations occur in
the thickly banded quartz schist, and are rather large structures.
(4" to 6" in wavelength, and 1" to 2" in amplitude)

In the more thinly-banded schist, however, chevron and shear
folds similar to those previously discussed were observeds. These
folds often reach five inches in wavelength, and ﬁwo.to three inches
in amplitude; making them considerably larger than the chevron and

shear folds of the crops to the easts The fold axial plane strikes
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range . from N30°W to NWAOCE; the exial planes dip to the east or
southeast at, or near, 40°, A number of reverse shear plenes werev
observed at this loéation. They strike NAOOE, and dip 50°S. The
strike of the massive quartzite beds varies from N28°E to N60°E,
suggesting that some local buckling has occurred in the areas, al-
though overburden prevents actual observation. Dips were Ffound to
be 20° to 40°NW.

In sumery, it seems sufficient 1o say that this area conmsists
of interbedded quartzite and quartz schist, which is somewhat more
competent then that of the two other crops previously discussed.
The chevron and shear folds, as well 2s the reverse shear planes of
the outerop compare favorabiy with their cownterparts in the crops
east of this location. There is no reason to believe that the three

areas have not suffered similer deformation.

A REVIEW OF CRITICAL -STRUCTURAL EVIDENCE

Perhaps it would be best to review the general trends of the
secondary structures of the Skillet Creek and Park Entrance Exposures
before entering into a discussion of the origin of the reverse drag
folds and underthrust shears. Strike frequency diagrams for some of
the phenomenea may be found on Plate VII (Page 51).

NORMAL STRUCTURES

The bedding of the massive quartzite underlying the Skillet
Creek?&'Park Entrance Exposures has a general N70°E to E-W trend,
whergas dips are to the northwest at 20° +o 30°,

‘Included in the massive quartzite of both locations are zones

of fracture cleavege which strike N8O°E, and dip between 45°and 65°mw,




thereby indicating a major E-W anticlinal sitructure to the south.
Inasmuch as it will be signifigant in the arguments to follow, it
seems best to mention that these zones bear only one set of cleavage
planes, and are free of fault gouge, or other evidence of s second
deformatione.

Normal drag folds, found only in the Quartz Schist Zones, are
considered as additional evidence of the former existance of g ma jor
E-W anticline %o the south, for the axial planes dip to the north
or northwest, whereas the axial plane sirikes vary between N50°E and
E-We A frequency diagram of these strikes may be found on Plate VII
(Page 51). |

Gash veins in the more competent quartzite beds are considered

to be normal structures. Inasmuch as gash veins result from ﬁensionalf
stretching within a quartzite bed due to differential motion between

that bed and adjacent beds, it follows that the gash veins form at 5

right angles to the direction of tensional stress. Thus, the trend of
the gash veins (N55°E to NBOPE) indicates that the tensional stress
had a north to northwest‘azimu{h, which agrees with the general struc-

'tural'picﬁure of the area.

B REVERSE STRUCTURES
Although the reverse secondary structures of the Skillet Creek
and Park Entrance Exposures are on a smaller scale than many of the
normal structures, they are found everywheie outgide of the massive
quartzite beds, and their great number cannot be overlooked.
The reverse drag and chevron folds are considered togethér
inasmuch as they are gradational into each other, The axial planes

of these folds dip southeastward at all angles between 50 and 60°,
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and vary in strike between N15°E to NSOPE, with thé greatest con-
centration between N45°E and N70%E. ‘Frequency disgrams of the strikes
of these folds may be found on Plate VII (Page 51).

The second group of reverse structures which cammot be accounted
for by normal differential motion is the underthrust shear planes
discussed in the micaceous zones of both cropss - The messured shear
planes reveal a range in strike between N55°W'to E-¥W, with apparent.
concentration around the north azimuth. See Plate VII for the fre
quency diagrams of the strikes of these structures. In most cases,
the shears seem directly related %o chevron folds although shears
were noted without accompanying folds. They have a common tendency
to dip flatly to the east or southeast. The cleavage accompanying
the shears indicates that the foot wall was thrust %o the east or
southeast with relation to the hanging wall.

THE RELATIONSHIP OF SHEARS, CHEVRON, AND REVERSE DRAG FOLDS

Because of their association with chevron and shear folds, and
the broad agreement of axial plane and shear plahe strikes, it must be
concluded that the underthrust shears and chevron folds have a cormon
origin. In addition, the chevron and reverse drag fold forms are in-
tergradational; thus, it seems probable that all three reverse struce
tures (reverse drag folds, chevron Tolds, end underthrust shears) are
genetically related.

The immediate objection to the proposed interrelationship of the
three reverse structures is the wide range of their trends. At Pirst
glance, the gtrikes of the shear planes, (which as suggested previous-
ly assume the position of the axial planes of reverse chevron or shear

folds), seem incbmpatable with the strikes of the measured axial planes




To make further objection to the proposed interrelation and cormon
origin of all reverse secondary structures, the broad range of the
axial plane strikes of the reverse d¥ag folds appears to be too
-great to be ascribed to a single deformation. Certainly, these
ranges do not represent the best criteria to base a {heory of inter-
relationship upon, for in the ideal case, all the reverse and normal
drag fold axial plane strikes should assume one definite trend. The
normel drag folds, thus, should have axial plane strikes which are
parallel to the east-west trend of the former anticline to the south
of the area.

Similarly, the reverse drag folds should reveal one limited
trend, if they are to be aseribed to a single origin. However, this
is not the case with the reverse drag folds of the South Range, for
the axial plane range of the folds measured varies from NI15°E to NBOCE,
with isolated occurrances of N-S and N30°W.

The theory of a single deformation which would account for the
shear planes is even more problematical, for the shear plane strike
range is between N15°W to E-W; with one isolated strike of N55°W.
(Associated with the outstanding folds mentioned above)e It would
seem impossible to ascribe this broad range of strikes to a single
deformatién.

One would assume thet the strikes of the various secondary struce-
tures should have more uniform trends, if they are to be considered
as evidence of one deformation. Thus, the normal drag folds should
have o comron trend if they are to represent normal differential
motion of the beds toward the crest of an anticline. Likewise, the

axial plane strikes of the reverse drag and chevron folds should agree




with the strikes of the associated shear planes, if they too have a
common origin.

In seeking uniformity of the trends of the reverse folds and
shear planes, we have been agsuming that the rock in which they occur
is homogeneous, and that the direction of the stresses which formed
the secondary structures had one precise azimuth., This is not the
case, however, for the reverse secondary structures of the Skillet
Creek-and Park Enfrance Exposures occur in a micaceous schist which
is heterogeneous in that scattered irregularly throughout it, there
are boudins, plates, blebs, and stringers of quartzite and quartz.
The presence of these units of varying size and degree of competence
would be expected to exert innumerable minor stress-strain effects
on the enclosing incompetent micaceous material, in response to a
major stress acting upon the entire rock unite

Geologic deformation does not ocecur rapidly, nor as the result
of one set of stresses. Instead, deformation is considered to be a
pulsational phenomena, with stress directions varying about a general
azimuthe

When a pulsating and variable stress source is considered, coupled
with a helerogeneous assemblage of competent-incompetent rocks, it
becomes obvious that secondary structures carmmot be expected to assume
identical orientations over the entire helerogeneous rock assemblage.

The underthrust shears ap?ear to be rélaﬁed to the shear folds,
Tfor in photographs # 10 end 11, the two structures occur together.
Sheér folds die out into chevron folds in the same photographs there-
by relating these two fold types. Areas of recorded associated re-

verse chevron and shear folds and underthrust shears occur at locations




7' A x 2', 54 x i', 4t x 5%’ of the Skillet Creek Exposure, end 6!

x 55", and 30" x 3' of the Park Entrance Exposure. Even the most ex-
treme "deviation" from the trend of shear plane strike (W35°W) is
associated with reverse drag folds, with axial plane strikes of NBOOW.
(Location 41' x %3 of the Skillet Creek outcrop). However, the
majority of strikes of both shears and reverse drag fold axial planes
are in the northeastern quadrant. It is unforitunate that more obser-
vations could not be recorded from folds directly associated with
shear zones, but in most cases, the folds were not sufficiently ex-
posed or developed to warrant measurement.

Chevron and reverse drag folds can not be separated using fheir
axial plane strikes as criterias. Both types strike to the northeast,
and dip to the southeast. Thus, it must be assumed that the two fold
types are genetically relateds Inasmuch as the underthrust shears
are related to reverse chevron folds which, in turn grade into reverse
drag folds, it seems logical to assume the general north-northeast
trend and east to southeast dips of the shears and axial planes repre-
sent a common origin for all of the reverse secondary structures of

the South Range.

THEORIES OF REVERSE DRAG FOLD FORMATION

THE SOUTH LIMB OF AN OVERTURNED FOLD TO THE NORTH OF THE AREA

Perhaps the first explanation of reverse drag foids that comes to
mind is that they are actually normal folds on the overturned limb of
a major anticline. If this is the éase at the Skillet Creek and Park

Entrance Exposures, we would be assuming the crops to represent the
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PLATE VIi, Sl
STRIKE FREQUENCY DIAGRAMS: AXIAL PLANES OF NORMAL DRAG FOLDS
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southern limb of an overturned anticline to the north, as illustrated
on Plate IV, Part B (Page 53).

This'explanation does not seemfpléﬁS&ble, however, inasmuch as
the structure of tﬁe South Range has been studied in detail without
observation of overturned beds, or any structures which would indicate
deformation sufficiently intense to produce}qyerﬁﬂrned foldse Ob-
servation of truncated cross-—bedding in the quarfzite beds of the
South Range indicates that the beds are not overiurned.

Secondly, the thickness of the quartzite formation would preé
vent tight folding by virtue of its inherent strength.

Lastly, should we accept the overturned fold theory, we would
elimiﬁaﬁe all the present reverse drag folds by considering them to
be normal and overturned; but what of the present normal drag folds?
These norﬁal Polds would be reverse folds on the proposed overiturned

anticline, and our problem would be no less complicated.

FLOWAGE FOLDING

In 1951, G. W. Bein (1.) described the flowsge of deeply buried
marbles. According to his diagrams, the bedding planes of the marble
beds which had flowed formed cross sections that resemble those of
reverse/drag foldss The axial vplaneg of the flowage folds would be
generally parallel to the major anticline upon which they are situated,
thereby completing the resemblance of flowage folds to the reverse drag
folds of %the South Range, (See Plate VIII, Page 59). The micaceous
composition of the rocks under consideration would also add support

to this theory.

Flowage of the quartz schist at the areas under comsideration




PLATE iV

DIAGRAMMATIC CROSS SECTION: RELATION OF DRAG FOLDS
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could well account for the widespread occurrenoe of reverse drag folds,
and the general leck of normal structures -in the Quaftz Schigt and
Slaty Zones. It could also account for the boudins, general foliation,
and the rotation of the quartz inclusions in the slate. Thus, the
affirmetive case for flowage folding seems quite strong. Howevei,
according to Bain, flowage folds resemble tar moving away from the
crown of a road on a werm day, (See Plate VIII, Page 59). A close
examination of such tar flowage folds will revezl that they plunge

in bothldirec{ions parallel to the crown. The reverse folds of +the
South Range plunge to the northeast almost without exception, thereby
destroying the seemingly close resemblance of the reverse folds fo
flowage folds.

Secondly, Bain's flowage folds all tend to have long thinned
limbs and thickened troughs. The drag folds of the South Range show
no such varistion along their cross section.

lastly, eaccording to Bain, the more competent beds are drag fault-
ed and swelled to the shape of the flowage folds in the incompetent
material beneath them. Although the exposures under consideration
are on a much smaller scale than those described by Bain, no minor
drag faulting in the plane of schistosity (and folding) was observed.

In conclusion, it seems unlikely that the reverse folds under
consideration were the result of Flowage, although flowage may have

occurred in the schiste

REVERSE DRAG FOLDS RELATED TO A REIAXATION OF MAJOR FOLDS
A third explanation of the reverse structures might be found in

a relaxation of the major anticline following the primery folding.




This reiaxation’could conceivably cause differential‘mgtien‘reverse;to
the original movement between adjacent beds which, in turn, would result
in drag folds with axial planes dipping to the south, and with strikes
generally parallel to those of the major structures Such an origin for
the reverse folds of the South Range could account for the wideépread
occurrence of the reverse folds, the presence of underthrust shears,
and the disoriented vhite quartz lenses. Upon close examination of the
theory, however, we are faced with a number of problems and objections
to ite

Firstly, if reverse differential motion produced by the proposed
relaxation of the major anticline resulted in reverse drag folds'in
the 8laty Zones, could we not expect these zones to have suffered
normal drag folding during the primary folding? It would seem likely.
Yet, not one normal drag fold was observed in either of the Slaty Zomnes,
and it seems unlikely +that earlier normal folds could have been com-
pletely eradicated by the subsequent reverse movement.:

A.second, and equally demsging piece of evidence against the
theory may be found in the fracture cleavage horizons between the
magsive quartzite‘beds. The fracture cleavage, which generally strikes
N8OPE, and dips 45° to 65°NW is clearly related to the regional struc-
ture. |

Assuming the anticline relaxed after its formetion, and that the
reverse adjustment was accomplished by the upper beds slipping differ-
entially toward the syncline, it seems logical to expect the reverse
motion to occur along the original fracture cleavage planes, for were
not these horizons already zones of wealkness in the quaritzite? Re=

verse motion would be expected to result in a second, and opposing,
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set of fracture cleavage planes, or at least, the destruction of the
primary fracture cleavage and the formation of a slippage gouge. HNo

gouge or reverse fracture cleavaege could be located in the fracture

cleavage zones of the South Range. Becauge of these two bits of
missing evideunce, it seems best to dismiss thisg theory of origin for

the snomalous secondary structures.

REVERSE DRAGS FORMED BY WEDGING ‘

In 1925, R. T. Chamberlain (3) expressed the opinion that under
compressional stresses, a wedge shaped section of the earth's crust
might be upthrust, the apex of the wedge pointing dowmward. Thué,
the compressional stresses would be dissipated by the resulting
shortening of the earth's crust. The upthrusting of the wedge would
result in two opposing sets of shears, or drag folds, at the boundary

of the upthrust segment and the surrounding crust. An idealized cross

section of this phenomena is pictured on Plate VIII, Part B (Page 59)+
Evidence of upward buckling and thrusting is abundant at both"
the Skillet Creek & Park Entrance Exposures. Assuming an east-west
wedge on the northern limb of the major anticlinal structure, orient-
ed at right angles to the coumpressional stresses, we could expect two
sets of drag folds (or shears) with axial planes striking normel to
the direction of the major stresses, and parallel to the major struc-
ture. The two sets of drag folds (or shears) would have opposing
dips: one set dipping northward, and the other to the south. The
folds with southward dipping axial planes (those to the left on Plate
VIII, Part B) would thus £it the characteristics of the reverse drag

folds under consideration. However, several bits of evidence, taken
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mainly from the Skillet Creek Exposure, do not agree with this theory.

The theory calls for fwo sets of opposing folds or shears such
as the observed normel and reverse secondary structures atkthe Skillet
Creek and Park Entrance Exposures; However, as previously stated, very
few normal drag folds were observed, and none were located in the Slaty
Zone, although reverse drag and chevron folds ere abundant. Where are
the two sets of opposing structures?

It ié possible that such overthrust evidence as that at locations
105! x 7' and 164 x 4! represents the north dipping set of shears
predicted by the theory, but why éhould this set of shears be repre;
sented by relatively large scaled structures whereas the secondvand
opposing set is represented by minute reverse drag folds? It would
seem more logical that both sete of structures resulting from the
wedging would be more equally represented in both quartzite and schist.

It could be argued that the large overthrust faults represent
closer proximity to the southern wedge boundary, thus secondary struc-
tures resulting from the shear along the southern boundary might be
expected to be better developed than the secondary evidence of the
northern wedge boundary. However, if this is the case, why do normal
drag folds not predominate over the reverse varieiy? Then too, Te- - -
verse drag folds (representatives of the northernmost "wedge slippage
plane®) may be found %o the south cf the overthrust faults (represent-
a tives of the southern slippage plane ). There seems to be no way ‘o
account for this unless we postulate overlapping wedgese.

Another argument sgainst the wedge theory may be found in the
local distribution of the overthrust structures, whereas the reverse

drag end chevron folds are widely and equally distributed, with no




apparent relation to the overthrust siructures. o evidence of majérf
upward wedging could be found, or has been reported in the underlying
messive gquartzite, indicating that the upwerd buckling and overthrust-
ing of the 8killet Creek rocks is. a local feaﬁure, common only to
mixed competent-incompetent horizons.

According to Chamberlain, the folds and shears tend to die out
away from the actual zone of slippage. (See Plate VIII, Part B, Page
59)s Yet as mentioned previously, the reverse folds at Skillet Creek
not only abound over the length of the outcrop, but also tend to be of
constant size at most locations along the exposure. If the local bucke
ling had caused the folds, then, could we not expect to find a sYs%emF
atic increase (or decrease) in fold dimension and degree of development
when tracing the beds in one direction or another? It would seem so.

Because of these arguments against the wedge theory of drag fold

formation, it seems best to abandon the idea, and seek another which

might better apply to the evidence.

REVERSE DRAG FOLDS AS A RESULT OF A SECOND DEFORMATION

A £ifth possible explanaﬁion of the reverse secondary structures
of the South Range might be found in a second deformation of the ares.
Certainly, with rocks as old as the Baraboo Series, a number of periods
of deformation could be expected, and, in fact, several writers have
in_the past found evidence of two or more disturbances in the region.

At Pirst glance, it would seem rather simple %o explein away the
problem of the reverse structures by postulating a second deformation,
and assigning the structures to it. However, the trend of the reverse

drag fold axial plane strikes would require that the second deformation
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be parallel to the primasry sgtructures, for both normal and reverse

structures have generally parallel trends. In addition to this, the
axial planes of the reverse folds dip to the southeast; thus, the in-
dicated differential motion would require the upper beds of a series
of beds to move north or northwest to the synclinal trough.

With the trend of the second deformation striking as the primery

folding, and with differential motion to the northwest, our second de-
formation is in reality nothing but a reversal of the primary folding.
Inasmuch as this hypothesis has already been considered (and eliminated)
under the discussion of relaxation of the major folds, it seems need-

less to pursue it further.

REVERSE DIFFERENTIAL MOTION AS A RESULT OF FAULTS OR FOLDS
IN THE QUARTZITE BEDS OVERLYING THE HORIZONS UNDER CONSIDERATION
The schistose material of the Park Entrence and Skillet Creek Ex-
posures maey be considered as being sandwiched between two confining '
horizons of massive competent quartzite, for the greatest part of the
Baraboo formastion underlies the two crops, whereas a lesser thickness

is known to overly them.

The south dipping axial planes of the reverse drag folds indicate

that the beds uvnderlying the two horizons moved to the south or south-
east on the flank of the anticline upon which the exposures are situa-
ted. The normal fracture cleavage of the massive rock verifies this
movemente But what of the overlying beds at these exposures? The
south dipping axial planes indicate that the overlying beds moveﬁ
northwest with relation to the previously mentioned underlying beds.

The differential motion suggésted by the micaceous horizons could be
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formed by the normal movement of the underlying beds while the overlying

beds remained stationary; or lagged behind while riding south and crest-

ward on the main mass of the underlying quartzite. An immediate objec;

tion to this theory:is ithat a thrust fault or fold must be postulated

in the upper quartzite, if it is to be stripped of its otherwise normal
- ability to transnit stress from the north or northwest. See Plate IX,

(Page 64)s However, such a fault or fold is not as improbable as it

might seems. |

The thiclmess of the qﬁartzite overlying the Skillet Creek and
Park Entrance Exposures cannot be great, because the crops are known

to represent the transitional zone between the Baraboo quartzite and

the Seeley slate. (The actual thickness of the upper cuartzite could

not be determined because of concealing overburdon). The upper quart-

zite is in turn overlain by the incompetent Seeley slate, and the shaly
Freedom dolomites mneither of which could be considered as a competent

or confining formation.

By the proposed fault in the guartzite beds overlying the mapped
horizons, we could account for the reverse differential motion neceg-
sary to produce drag folds with south dipping axial planes. The strikes

of the axial planes would be more or less parallel to the major anti-

cline to the south of the two areas under consideration.

The differential motion indicated by ‘the micaceous exposures

could also be accounted for if the quaritzite beds overlying the mapped

horizons buckled and folded instead of being overthrust as previously

sugge;ted. As a bed (or beds) of the upper quartzite folded, the same
bed (or beds) immediately south of the fold would stop moving to the

crest of the anticline because the compressive stresses from the north-
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west would be dissipated by the formation of the minor folde Throughe

out the buckling of the upper quartzite, the gquartzite underlying the
mapped exposures would continue to move south and crestward due to
differential movement toward the anticlinal crest. The effect would
be an underthrusting of the upper quartzite and the micaceous hori-
zons which would produce drag folds with south dipping axial planes
in the micaceous rock sandwiched between the two zones of quartzite.

South dipping shear planes would also result from the reverse differ-

ential motion produced by minor folding of the upper quartzite hori-
| ZONSe

The micaceous rocks deformed plastically, resulting in folds

with smooth rounded crests and troughs, whereas the more quartsose

~schist buckled and folded into chevron folds with angular crests

and trougzhs.

In still other cases, the reverse differential motion produced
underthrust shears in the material which did not deform plasticallye.
If the theory of the strain ellipsoid were to be applied to the ideal
oécurrence of the shears, with fhe axis of greatest strain in a NW-

SE orientation, and the intermediate strain axis generally. parallel

to the strike of the quartzite (NE-SW), the shear planes would assume
the south dipping position of the shears predicted by the ellipse.
However, as stated previously, inhomogeniety of the rocks under con—
sideration resulted in a broad range of "strike azimuths for the shear
planes.

The origih?of the few normal dreg folds in the Quariz Sc%ist

Zones of the crops can be explained quite readily when we consgider

that normal folds do not occur in the overlying slate. It is apparent




that the quartz schist contains interbedded quaritszite beds and lenses
that at one time were relatively continuous and competent. During the
initial folding, these beds, behaving as struts moved southward and

to the crest of the antieline, resulting in normal differential motion
and drag folds in the material below them. A1t a later stage, however,
the competent struts buckled or fractured so that they no longer trans-
nitted stresses from the northwest: &the result was a cessation of
normal drag folding in the schistose material below the struts. With
the competent quartzite struts either sheared or buckled, the quariz
-gchist zone wes also subjected to the same reverse differential motion
as the overlying slate, and reverse drag folds formed in it as well

es the slate. Thus, the "underthrusting" of the massive quartzite
underlying the two crops could account for the normal structures of
the messive quarizite as well as the reverse structures of both mi-
caceous units.

When the three areas of reverge structures are plotted on a
regional map, they assume positions along a N65°E line; roughly
parallel to the trend of the South Range. The question which comes
to mind is, "are the three areas the result of one major fault or
foldot

Until further work is done on the areas between the Skillet
Creek and Section 25 crops, I would be most reluctant to postulate
a major fault which transgresses the six miles belween the two areas,
No topographic expression of such a fault is evident, and because of
the relatively small thickness of quartzite thought to overly the
Skillet Creek and Park Entrance crops, minor local faulting or fold-

ing would seem more likely than a single major faullt or folds
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ANOMALOUS CLEAVAGE ZONES OF THE UFPER NARRCWS

The third major locality bearing anomslous secondary structures

may be found in the abandoned Wisconsin Granite Quarry located in

the gorge (Commonly known as the Upper Narrows) north of Rock Bprings,
Wise - (T. 12N., R. 5 N. along the south line of the NW% of section 28.
Refer to the gemeral map of Plate II, Page 3).

In the east end of the quarry, (See Station # 1. of the map in-
cluded on Plate XV, Page 99) a sequence of massive quartzite beds
measuring eight and one half feet thick occurs between two thin quartz
schist "fracture cleavage" zones. The orientation of the cleavage
planes within these zones indicates that the intervening sequencé of
quartzite beds slipped downward with relation to adjacent quartzite
beds. Photograph # 21 (Page 70) shows the érop under consideration.

The quartzite is a medium-grained, purple gray, cross-bedded
rock, generally similar to the quartzite of the South Range. The beds
strike N75°E, and dip 8%°S. The cleavage planes of the "fracture
cleavage" zone on the south side of the down faulted block strike N75°E,
and dip 80PN, whereas the cleavage planes of the northern zone strike
W75°E, and dip 55°S.

A survey of other fracture cleavage zones in the quarry revealed
that many thin zones of both north and south dipping cleavage cccur
in the g;ea.

It is apparent that only the southernmost zone of the sets of
"Practure cleavage" at station # 1, can be related to normal differ-
ential motion resulting from the synclinal folding of. the Baraboo
area, for the cleavage planes of this zone (Strike N75CE, dip 80°N)

indicate that the uppermost, or southern members of the series of
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quartzite beds moved toward the crest of the snticline to the north
of the crop, with respect to underlying beds. The problem, then, is to
explain the origin of the northernmost enomalous "fracture cleavage!
of the exposure at station # 1. (Cleavaege planes N75°E, dip 55°8).
The problem was approached by mépping the bedding, joint systems,
fraciure cleavage,-and other structural phenomena of the quartzite
beds in quarries on both sides of the Upper Narrows Gorge. The
structural date has been incorporated on the transparent overlay of
Plate XV, (Page 99).

A GENERAL DESCRIPTION OF THE’GEOLOGIC SETTING

Stratigraphically, the crops of the Upper Harrows Gorge conéist
of the lower members of the Baraboo quartzite, although the basal
conglomerate was not observed. The exposures are located on the
southern flank of the anticlinal structure situated to the north of
the Baraboo syrnicline.

The quarﬁzi}g of the Upper Narrows varies in color from deep
purplish‘red to pink and flesh tones. The rock is a brittle, medium
to fine-grained clastic and contains some coarser conglomeritic
horizons., The beds of the gorge are not overturned; they strike
genefally’N75°E, and dip between 79°S and verticality.

The thin quartz schist "fracture cleavage" zones between the
m&ssive guartzite beds vary in color from shades of pinkish purple to
gray, end, in most cases Have a talcy feel. Minute quartz grains,
and small flakes of hematite were identified in the material, bubt no
other minerals could be recognized megascopicelly. No doubt sericite

and other micaceous minerals are present in the schiste
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THE NORMAL FRACTURE CLEAVAGE ZONES
Ih the structural setting of the exposure in the Upper Narrows,
differential movement of upper guartzite beds north and crestward
with relation to underlying stratea, should result in fracture cleavage
plénes which dip to the north and strike parallel to the major struc- %
|

tures vpon which ﬁhey occur. Such fracture: cleavage planes were

observed in the nearly vertical quartz schist zones at Stations 1, 3,
8, 13, 28, 37, and 50. The cleavage planes of the zones have an
average strike of N75°E, which is the general itrend of the massive
guartzite beds. The dip of the normal fraciure cleavage planes varies
between 52°N and 80°N, with the average dip being aﬁout 70°N. Normal
fracture cleavage zones are abﬁndant throughout the general ares.

The orientation of fracture cleavage planes has been used
successfully to interpret geologic structures, for it may be assumed
that fracture cleavage planes on the flank of a major fold are
parallel to the dip and strike of the axial planes of the folde Ine-
esmuck as the N75°E strike of the fracture cleavage planes observed
in the YWisconsin Granite Quarry is the same as the gereral strike
of the quartzite beds, the application of fracture cieavage plane
orientaﬁion to the major fold norith of the Upper Narrows might lead
one ﬁp'the concluéion that ihe anticlinal structure is iséclinal,
and overturned slightly to the south. However, since the inter-
section of cleavage and bedding in this area is nearly horizontal
the strike relationship mey be considered regional.

Ce K. Leith used the wide zone of HNorth dipping cleavage of
Van Hise Rock (Station 28) as a clessic example of fracture cleavage,

and its epplication to structural interpretation, (15)s The dip of
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this cleavage is approximately 60°N, whereas the fracture cleavage

in the Wisconsin Granite Quarry dips more steeply to the north,

(Average dip; 70°N).

The apparent discrepancy between the dip of the cleavage at
Van Hise Rock and that in the quarry mey be explained by the fact
that the width of the fracture cleavage zones in the quarry is

considerably thinner than that of the cleavage zone at Van Hise

Rocke The fracture cleavage planes of a thin cleavage zone might
be expected to be rotated, by continued differential motions afier ' 1
the fracture had occurred. The cleavage plates of a broader fracture ’ I
cleavage zone would not suffer suchvrotation if exposed to the séme
differential motions Instead, the cleavage plate of a thick
cleavage zone would be dragge& into steep dipping orientations
(approximating the steeper dips of the thin cleavage zones) near |
the slippage'surface, but the major part of the cleavage plate would %

not be rotated. Thus, the result of the continued differential

motion along the bedding contact of a competent quartzite bed and

a relatively thick incompetent bed would be fracture cleavage planes
with "8" shaped cross sections.
) THE ANOMALOUS CLEAVAGE ZOWES

Thin anomalous cleavage pones were observed between the massive
quartzite beds at Stations 1, 2, 4, 8, and 13. The cleavage planes
range in strike between N72PE and HO3°E, end dip between 35°8 and
82°3. The féct that the cleavage planes have strikes which parallel
the massive quartzite beds indicates that the beds have slipped

directly up, or down, the dipe. If the gnomalous cleavage zones are

freacture cleavage zones, the fact that the cleavage planes dip to the




south would require that the southern, and uppermost, of the series

of beds, moved to the south. (Toward the trough of the Baraboo syn-

cline)s Thus, they would indicate differential motion reverse to
that which would be anticipated in the structural setting of the ex~
posuress.

On' close examination, incipient anomalous south dipping cleavage

planes occur in many of the normal fracture cleavage zones. Weathered
fragments.from some of the apparently normal fractﬁre cleavage zones
have diamond shaped cross sections at right angles to the strike of
the cleavage planes. The shape of the fragments is due to weathering
along the opposing surfaces of both normal and ancmalous cleavagé
planes. Thus, it appears that reverse differential motion resulting
in the enomalous south dipping cleavage planes did not teke place
equally between 8ll +the massive quartzite beds, and in some cases,

did not take place at all.

The anomalous cleavage planes are believed to have cut and

offset the normal fracture cleavage planes, thereby indicating that
the anomalous cleavage plenes and zones are later than their normsl,
north dipping, counterparis.
BEDDING SLIP FAULTS
In addition to the thin zones of anomalous cleavage, several

Ca §

major bedding slip faulis were observed in the abandoned quarry on
the eastern side of the Upper Narrows Gorge. (Stations 4, 23, 24,
47, and 50). These fault zones, which vary in width from one to
four feet, dip and sirike as the adjacent gquartzite beds, and in

some cases bear the previously discussed diamond shaped cross sectional

pattern at right angles to the cleavage planes in the weathered schist;




Photograph # 21
The exposure at Station 1., showing
the thick "downfaulted block of beds®

bordered by thin "fracture cleavage" zones.

The geologic pick gives the scale.

Photograph 3+ 22

The narrow steep walled qully formed by
erosion of fault gouge along a bedding slip
fault at Station # 23.

Geologic pick gives the scale.
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indicating that both normal and reverse differential motion has
occurred along the bedding fault plane. At Stations 23, 24, 47, and
50, the fault plane is outstanding in that the shear cleavage or
fault gouge has been eroded from between the massive quartzite beds
adjacent to the fault plane, leaving a small steep walled gully to

merk the fault zones. See photograph # 22, (Page 70).

The fault zones can be interpreted as former slaty, or quartz
schist horizons, which have been eroded to form the steep walled
gullies between massive beds of quartzite. However, I feél the
zones represent major bedding slip faults because: (1.) mullion
structures occur along the quartzite walls of the zones, and; (2.)
other quartz schist fracture cleavage zones have not disintigrated
under similar exposure to weathering and erosion.

It is puzzling, and perhaps signifigant, that no anomalous
south dipping)cléavage planes or bedding slip fault zohes were found
in the quarries of the western side of the Upper Narrows Gorge. How-
ever, it is probable that these bedding sliﬁ phenomena oceur on the
valley's western slopes, but are covered by overburden. If the fault
zones are traced southwest along strike, the western extensions
should crop out on the hill immediately west of Van Hise Rock, (Sta;
tion # 28)s This hill, although dotted with large quartizite exposures,

does not afford the continuous outcrop so accessible in the quarry on

the eastern side of the Baraboo River. Thus, the fault zones may be

concealed by overburden on the western side of the Upper Narrows
Gorges

THE TENSION BRECCIA ZONES

On the eastern side of the Upper Harrows Gorge, extending from




Station 22 to Station 25, much of the quartzite exposed along the
eastern side of the railroad tracks is broken and brecciated in a
very unusual menner. - A-similar breceia zone may be found between
Stations 54 end 56 on the western side of the Upper Narrows Gorge.

The breccia consists of angular fragments of purple to pink
quartzite cemented by coarsely crystalline white vein quartz. In
meny cases, the quartz completely surrounds the angular quartzite
pieces. The fragments vary in size between two foot square blocks
to minute pieces of quartz measuring less.them % inches. In all
cases,. angularity of the brecciated fragments ié'outstanding. See
photograph 23, (Page 74).

The breccia zone of the western valley wall is currently ex-
posed in a working querry, (Station 40) end here, vugs in the white
quartzucement were noted. The vugs are lined with euhedrally de-
veloped clear quartz crystals, intermixed with dickite.

Although the breccia zones are mapped as large areas, the.most
intense brecciation is very local. It occurs at Station 40, on the
western wall of the valley, and 100 feet gouthwest of Station 22 on
the eastern side of the Baraboo River. Both zones grade rapidly in-
to unbrecciated rock. The brecciation is apparently controlled by
joint faces, for at Station 54, minor brecciation occurs along a
joint fece which strikes N55°E, and dips 5°NW. At 8tation 55, brecc-
iation is more strongly developed along another joint surface which
strikes E-W, and dips 35°N. 8light fault displacement along these
joints is apparent. Tmmediately south of Station 55, intense brecc-
iation obliterates all trace of bedding and joints, but no evidence

of crushing, abrasion, or a fault plene could be found. Instead, the
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angular quartzite fragments appear to have been broken as fragments
of open sto?ed ore, then cemented with white quartz, without motion
or rotation of the pieces. The individual fragments may be matched
together, much as the pieces of a jig saw puzzle. See photograph.
24, (Page T4).

It is of interest that the zone of maximum brecciation of the
western valley slope does not coincide with the zone of maximum
brecciation of fhe eastern side of the Upper Narrows. See the trans-
parent overlay of Plate XV, (Page 99). If these two areas of in-
tense brecciaiioﬁ represent one zone which is cul by the Upper Narrows
Gorge, that zone (1.) either culs across the strike of the quartéite
beds, or (2.) has been offset approximately 300 feet along a north-
south 1inef |

Interpretation of the breccia zones is problematical, for the
angularity of the quartzite{fragmenﬁs, the presence of vugs, and
the general lack of fault motion, rotation, and crushing, suggests
a tensional disturbance. If the area has been thrust faulted or
sheared the breccla fragments should show indication of crushing,
rounding, and abrasion.

A number of pogsible explanations may be considered for the
breccia zones. Their apparent E-W trend could represent a mejor
tensional fault parallel to the stfike of the .beds, for & gimilar
breccia zone may be found in the Narrows Creek Gorge l.7 miles to
the west (alohg strike) from the Upper Narrows exposures. Thus,
it is possgible that the breccila of the Upper Narrows and the Narrows
Creek Gorge represent one continuous feult, and that the 300 foot

offset in the Upper Narrows Gorge is due to a second N-8 fault within

RE




Photograph # 23

Anguler breccia from the eastern
breccia zone near Station 22.

Note the angularity of the fragments

The six inch rule gives the scales

Photograph # 24

Angular breccia from the eastern
brecqia zone, near Station 22. Note the
lack of crushing, and the "jig-saw puzzle
relationship of the fragmenfs.

The six inch rule gives the scale.
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.the valley. The nature of the fault resulting in the tension breccia
is unknown, but it seems reasoneble to assume that it involved a N-8
expansion of the cuartzite of the Nbrth‘Raﬁgat The fact that the
quartzife is brecciated indicates a volume inecrease of approximately
3%% in the zone of breccistion; thué, a N-8 expansion must be called
upon to accommodate the increased volume of the breccia zones.

The breccia zones could also represent E-W trending offshoots
of a large fault or breccia zone concealed under the present valley
floor. A N-8 fault through the Lower Narrows, 14.5 miles to the
east of the Upper Narrows Gorge, has been established by drill hole
data; and it seems reasonable to assume that the Upper Narrows Gorge
could represent a similar N-S8 fault.

JOINT SYSTEMS

The massive quartzite of the area bears numerous joint sets
and indeéendent joints which were recorded, and are shown diagram-
matically on the point diagram of Plate X,‘(Page 76)s The strike
of these joints is concentrated between N30°W and N10°W, with only
a few deviations from this strike range.

The ma jority of the joints can be classified into one of the

five following joint sets. The Joint sets are:

Joint set # 1. Strike N-S to N25°W. Dip 25°W to 45°W
Joint set ff 2. Strike N-§ to N25°Y. Dip 45°E to 90°
Joint set # 3. Strike N-8 to N25°VW. Dip 45°% to 90°

Joint set # k4. Strike N25°W to N50°W. Dip 25°W to 45°VW
Joint set i# 5. Strike N25°W to N50°W. Dip 45°E to 90°

It is of note that on those joint planes of joint set # 1.,

situated on the eastern side of the Upper Narrows Gorge, slicken-

sides occur on a white quartz film which is characteristic of meny.

joint surfaces of the area, (regardless of their orientation).
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Joints bearing slickensides occur at Stations 5, 6, 10, 20, 22, 23,
and 51,. The slickensidesn %ﬁlg‘zws strile as the quartzite beds
adjacent to the joint surfaces, inéiéaﬁing that the slickensides
were‘caused by a movem@nt;ﬂhiéh}w&s pérallel to the strike of the
massive quartzite bedss |

In addition to the slickensides of joint set # 1., additional

evidence of displacement along joint planes may be found associated

with other joint sets of the area. An excellent example of this

displacement occurs at Station 49, where white quertz filled gash

veins along a joint surface indicate that the hanging well of the
joint (or more correctly shear joint) has slipped dowaward, and fo
the east along the joint plane.: This shear joint (strike N25°W;
dip G6OE) belongs to the #2. joint set. Other evidences of minor
fault displacement along joint surfaces were discussed previously
under the subject of the tensional breccia zone near Station # 55.
Related to the # 1. end #f 2. joint sets are numerous areas of
tensional faults which are generally arranged in en echelon pattern;

the trend of which is parallel to the joint surfaces. See photo-

graph 25, (Page 78). The cross sections of these tension faults is
lense shaped, whereas they appear to be.planar in longitudinel
section. The faults strike between N10°W and N30°W, and dip between
65°E and 85°E. Photograph 25, (Page 78) shows the trend of the

en echelon pattern of the faults to dip approximately 60°E, which

;s roughly parallel to a joint plane on the same crop which dips

66°E, and strikes N30°E. The strike of the tensional faults is N209W.

Thus, the tension faults appear to be related to the # 2. joint sets

The gash veins at Station 49 also occur along the east dipping surface




Photograph # 25 -

White quartz filled en echelon tension
faults which parallel the surface of joint
set # 2., at Van Hise Rock, (Station 28).

The geologic pick gives the scales
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of a member of the # 2. joint set, suggesting that general slip down
the dip of all # 2. joint @*&;ﬁmmher@;;ﬁ@a; oecurreds
Similer en echelon tension faults occur on the eastern side of

the Upper NarrOWSHGorgaxiy(ﬁtﬁﬁiéﬁ ~end 15). Like their western

counterparts, these faultsTraugﬁi _parellel the trend of joint sur-
faces. (The # 1. set)e

Thus, two joint sets with parallel strikes and opposing dips
show evidence of displacement along:their dips.: It-is of special
interest that the two joint systems occur on opposite sides of the
Upper Nerrows Gorge, snd that the projections of their surfaces

intersect under the valley.

POSSIBLE ORIGINS OF THE ANOMALOUS CLEAVAGE ZONES

FORMATION OF ANOMALOUS CLEAVAGE ZOWES DUE TO
RELAXATION OF THE MAJOR FOLDS
It would be possible to account‘for the reverse differential

motion indiceted by the anomalous south dipping "fracture cleavagé"
zones by assuming that the major anticline, upon which the zones
ére located, relaxed at some time after it was formed. 8See Plate XI,
(Page 81).

| By such a theory, we could not only account for the anomalous
cléavage zones formed during the relaxation of the anticline, but
also the north dipping fracture cleavage which formed between massive
guartzite beds during the initial folding. The theory would also
account for the parallel strikes of both the normal fracture éleavage

planes and anomalous cleavage planes, for the reverse differential
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motion resulting from the relaxation of the anticline would be opposite,
but parellel to, the ind na ‘

Incipient reverse clea indicative of relaxation and

reverse differential motion, ar ppread emong meny of the normal
fracture cleavage zones, although they are by no means universal.

It could be argued that all normal fracture cleavage zones should |

also bear reverse fracture cleavage, for if: normal .differential motion

ocecurred along these planes during normal folding, why should reverse
differential motion not occur along them as a result of the relaxation
of the anticline. This argument might be countered by postulating
that because of excessive friction between some beds, reverse mofion
did not teke place between all of the quartzite strata. Thus, certain
normal fracture cleavage zones could conceivably remain intact.

Another objection to the theory of relaxation of the major anti-
cline may be found in the four major bedding slip faults at Stations
23, 24, 47, and 50, These faults zones are too wide, and bear more
Pault gouge and mullion structure than differential motion related to
enticlinal relaxation should produce. However, the fault zones could
be accounted for by some deformation other than that which produced
the thin anomalous cleavage zones, bul inasmuch as the cleavage zones
and bedding slip faults are of the same dip, strike, and general bedding
slip character, it would only serve to complicate the problem by
postulating two or more parallel deformations.

A third objection to the theory may be encountered when we postu-
late a relaxation of a sizable fold in the Baraboo quartzite, for it
is an exceptionally brittle rock, seemingly incapable of elastic re-

bounde
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Relaxation of the mejor anticline could not account for the
northeast trending Upper Narrows Gorge which cuts across the major
structural trend of the quartzite; nor does the theory explain the
E-W trending tension breccia zones, or the general N-S en echelon
tension faults. Thus, if we assume that a relaxation of the major
enticline is responsible for the snomalous cleavage zones, a second
deformation must be postulated to account for these structures of a

tensional nature.

FORMATION OF ANOMALOUS CLEAVAGE ZONES
BY BEDDING SLIP FAULTS: THE BEDS SLIPPING DOWHWARD
INTO A FAULT FORMED VOID |

A second explanation of the reverse cleavage zones might be found
in the sequence of events diagrammaticélly shown on Plate XII, (Page
84).

Part A. of the plate illusitrates the initial anticlinal folding
of the quartzite beds of the North Renge. During the folding, differ-
ential motion between adjacent beds in a series of quartzite strata
would account for the normal fracture cleavage zones observed in the
abandoned Wiscongin CGranite Quarry.

Paff B. of the plate suggests that as folding became more severe,
ﬁhé brittle quartzite beds formed tensional joints at, or near the
trough of the syncline. Continued compression from the north of the
area might 111t the beds of the south flank of the anticline to near
verticality, thereby resulting in a hinge fault at the gite of the
Pormer tension ﬁoints.

The Void formed by the opening of the hinge fault would not be
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rt C of Plate XIT indicates that the

expected to remain open, and Pa

quartzite beds overlying the 1t void would glip downward into it,

producing south dipping ba&éiﬁg'aiip fault shear cleavage on the
northern side of down faulted beds, end north dipping shear cleavage
(similar to normal fractur@ﬁglegvage) on the southern sides of down
faulted quartzite beds;

It is not necesséry‘fo aééume that £he fault void formed com-
pletely before the overlying beds slipped into it, for it is possible
that as the limb of the fold was tilted to near verticality, the beds
over the void slipped downward into it. By such a means we could
‘eliminate the necessity of postulating & stable void at considerable
depthe

The downwafd slip of +the beds into the void would not be ex-
pected to occur equally between all quartzite beds: thus, a series
or block of beds might drop as a unit, resulting in zones of south
dipping shear cleavage on the northern bedding slip surface of the
unit, whereas other undisturbed bedding ﬁlane contacts of the block
of beds would not hear shear cleavage. By postulating downward slip
in blocks of beds, we could account for the normal fracture cleavage
zones intermixed with anomalous cleavage zones of fhe Wisconsin
Granite Quarrye. The southern bedding slip surfaces of such a series
of faulted beds would bear shear cleavage that could not be distin-
guished from normel fracture cleavege because the cleavage planes
would strike as the normal fracture cleavege planes do, and dips of
both types of cleavage would be to the north.

It could be argued that breccia would develope in the tensional

fault required by this theory of origin for the anomalous cleavege
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zones. Thus, the fault formed void might be completely filled with
 breccia, thereby preventing the downward slip of the overlying beds
into the void. The 3%% increase in volume related %o brecciation
cannot be denied, and the only alternative is to suggest that the
quartzite beds overlying the fault zone, and along the fault surfeces
did not fracture to any large extent.

The result of a hinge fault with accompanying slippage of +the
overlying beds into the fault formed void could account for the
mixed zones of both normal fracture cleavage, end anomalous south
dipping cleavage. The wedge shaped void, with the widest displace-
ﬁent of the quartzite to the north, and leasf to the south, mighf also
account for the frequency of large bedding slip faulte in the north
endiof the valley, and apparent lack of such fault zones in the southe
ern section of the gorge, for the northern beds would be expected 1o
slip further into the widest part of the void,.

However, this thedry camnot explain the northeést trending
Upper Narrows Gorge, the E-W striking tension breccia zones, or the
-8 striking en echelon tensi§n Taults. Thus, these structures Wouid

have to be assigned to a later deformation.

PORMATION OF ANOMALOUS CLEAVACE ZOKES DUE TO SLUMP
OF THE QUARTZITE BEDS INTO A4 MAGMA CHAMBER
The differential motion required for the formation of snomalous
south dipping cleavage zones between massive quartzite beds could be
explained by irregular downward slip of the massive quartzite beds
intoAa magme. chamber at depths A low pressure area under the guartzite

of the north end of the Upper Narrows Corge, and perhaps the entire
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valley, could remove the support of some of the quartzite beds, and

induce them to slip downward into the chamber; singly, or in blocks
of beds. The irregular slip of the beds and blocks past each other

would result in south dipping shear cleavage along the bedding slip

£

aces on the north side of the down faulted units. This shear cleavage
would resemble "reverse fracture cleavage", and would correspond to
the anomalous cleavage zones of the Wisconsin Granite Quarry. North
dipping shear cleavage would develope on the southern bedding slip
face of the down faulted blocks, and this cleavage would be indis-
tinguishable from normal fracture cleavage found between quartzite
beds where fault diéplacement had not occurrede

‘Thus, & magma chamber could account for the south dipping
anomalous cleavage zones as well as the larger bedding slip fault
zones in ﬁhe abandoned Wisconsin Granite Quarry.

Tensional stresses which might be instituted by the ingtrusion

of a magma into the region under the Upper Narrows Gorge could also.

account for the N-8 tensional faults which roughly parallel that
valley. In fact, the entire fiver valley could be the result of a
graben structure caused by upward bulging, or doming, produced by
a large scale intrusive at depth.

The slickensided joint surfaces of joint set # 1., and the en
echelon tension faull zones parallel to the joint planesg of joint
set # 2. seem to indicate that tensional stresses have been active
roughly normal to the trend of valley. Certainly, it is possible
that upward doming produced by large scale intrusion could result

in the roughly N-8 tensional structures.




Thus, it is apparent that roughly E-W tensional stress has been
active in the area, and that quartzite beds on the eastern valley
wall have slipped doﬁnward and td the west, parallel to the strike
of the quartzite beds in thé abandohed Wisconsin Granite Quarry.

Fo similar eéstward'dipping slickensides were observed on the west
bank of the river; however, tension faults parallel to the # 2,
Joint set suggest a movement of the quartzite beds downward end +to
the east. The resuits of' the E-W tensional stresses, coupled with
the two opposing joint sets is diagrammatically illustrated on
Plate XIII, Part B, (Page 89).

The irregular westward sli? of the quartzite of the east wall
of the valley toward the graben valley could conceivably result in
south dipping shear cleavage between two adjacent beds; the southern-
most of which slipped toward the graben while the other remained
stationary, or‘lagged behind. As in previous cases, the slippage of
beds would bé'irregular in that some would glip as a unit or block
while others would move singly. South dippingvsheaf cleavage, as
well as north dipping shear cleavage would also result on the north
and soﬁth sides (respectively) of the down faulted beds as described
in the discussion of other theories of origin for the snomalous
cleavage zones,

The presence of a roughly N-S graben under the present Upper
Narrows Gorge could account for the south dipping cleavege planes
between certain beds, or blocks of quartzite. It could also asccount
for the larger bedding slip fault zones, the N-8 trending lense shaped
en echelon tension fault zones, the slickensided joint planes, and

the valley itself,
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However, there is a serious argument against this theory or
origin of the south dipping anomelous cleavage zones, for the cleavage
planes of the amomalous cleavage zones strike generally N75°E, parallel

to the strike of the normal cleavege. Both cleaveges strike parallel

bt

to the strike of the quartzite beds, thereby indicating that differ—
ential motion in both cases was in a vertical direction, with no
component to the east or weste If the south dipping cleavage planes
are the result of a downward and westward motion of the guartzite beds,
the strike of the shear cleavage planes on the northern‘sliﬁpage plane
of a down faulted quartzite bed or block of beds would be to the north
of west. The strike of the shear cleavagé of the southern slipﬁage
face of a down faulted block would be more to the north of east than
the existing cleavage plane strikes.

There seems to be no way to coordinate the N75°E strike of +the
south dipping anomalous cleavage with the downward and westward differ
ential motion of some beds as required by this theory of westward slip
into a graben.

Thus, if a graben does exist under the Upper Narrows Gorge, it
must have developed independent of the deformation that resulted in

the south dipping cleavage planes of the anomalous cleavaege zone.

PORMATION OF ANOMALOUS CLEAVAGE ZONES BY SLUMPING
OF BEDS INTO VOIDS RESULTING FROM TENSIONAL
STRETCHING OF BEDS ON THE FLANK OF AN ANTICLINE
Another explanation of the anomalous south dipping cleavage
zones might be found in the sequence of events diagrammatically shown

on Plate XIV, (Page 92). As shown on Part A. of the plate, anticlinal

%0




folding of the North Range would result in normal north dipping
Pfracture cleévage zones when thé quartzite beds reached a vertical,

or near vertical position. However, as folding proceeded, the quart-
zite strata on the flanks of the anticline would be subjected to ten-
sional stress resulting from the stretching of the beds over +the

crest and trough of the respective anticline and syncline. Stretching
of the brittle quartzite might ultimately result in tension fractures
in some quartzite beds (or series of beds) as shown in Part A. of Plate
XIV, (Page 92). Continued folding would cause separation of the
fractured faces as the bed or blocks of beds were drawn crestward on
the anticline. The enlarging void resdting from the tension fraéture
might concelvably rewain open, inasmuch as it would be walled by com-
petent brittle quartzite beds.

At a later gtage in the foldiﬁg, the previously parted quartzite
beds that had moved crestward might agéin fracture dve to tensional
stresses resulting frbm gré#itational pulle The parted beds or blocks
of beds would then slide down dip into the original tension formed
voids The differential motion betwgen the beds thet slipped and those
that did not would result in south dipping bedding slip shear cleavage
élong the northern slippage surface of the down faulted bed or block
of beds, and north dipping shear cleavage along the southem slippage
plane. The north dipping shear cleavage would be indistinguishable
from normal fracture cléaVage formed during the anticlinal folding
of the regions. Therefore the three types of cleavage; normal fracture
cléavage, and north end south dipping bedding slip shear cleavege,
would result from this segquence of events.

This explanation could thus account for the anomalous cleavage

01
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zones between quartzite beds, and the larger bedding slip faults.
However, it does not explain the E-W tensional breccia zones, the

N-3 en echelon tension faults, or the Upper Narrows Gorge. Thus,

we must postulate a second and tensional origin for these structures;
most probably a theory involving a N-S graben valley under the present

valley floore.

REVERSE DIFFERENTIAL MOTION AS A RESULT OF FAULTS OR FOLDS <

IN THE BEDS TO THE SOUTH OF THE WISCONSIN GRANITE QUARRY

It is possible that the differential motion indicated by the south

dipping cleavage planes of the anomelous cleavage zones in the Wisconsin

@Granite Quarry resulted from an upward movement of the beds to the north

of the quarry, with relation to the beds south of the quarry.

It will be recalled thét rossibly the reverse drag folds and
anomalous shears of the South Range resulted from faulting or folding ,
in the quertzite beds‘overlying the mapped micaceous horizons, while
the underlying quartzite beds moved south and crestward on the rising ' |

anticline to the south of the exposures.

If the quartzite beds north of the Wisconsin Granite Quarry moved

north and erestward on the anticline to the north of the arees, while

the beds to the south of the quarry remained stationary, or lagged

behind on the rising anticlinal flank, the resulting differentisl
motion between beds of a series of beds could result in south dipping
fracture cléévage in incompetent material situated between two quart;
zite beds. kThe strike of the cleavage planes would be parallel to

the major structures, as are the sitrikes of the cleavage planes of the 0

zones in the quarry. However, as in the case of the reverse drag
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folds of the South Range, in orderato\prevent the beds Lo the south of
the quarry from moving norih and crestward on the anticlinal flank
with relation to underlying beds, a fault must be postulated to dis-
sipate the compressional stresses normally transmitted by the beds,
The greatest objection to postulating minor faults or folds in
the quartzite south of the quarry is the fact that the anomalous

cleavage zones occur near the base of the Baraboo formation. Thus,

they are overlain by a vast thickness of massive quartzite which
would be most resistant to the local overthrust faulting or minor fold-
ing, for the great thickness of massive quartzite would not allow the
vertical (or horizontal) volume increase which must accompany ovér-
thrust faulting or foldinge For this reason, it seems improbable
that the cleavage zones are the result of an underﬁhrusting éf the
beds to the south of the quarry by the béds to the north of the quarry.
It is possible that the bedding slip faull zones in the quarry
represent major faults related to underthrusting of the beds to the
north of the quarry, and that the faults are not associated with the
folding of the area. Thus, a post folding upthrust of the beds north
of the quarry (or a downward movement of those beds south of the
gquarry) may be responsible for the differential motion indicated by
the south dipping cleavaée planes of the anomalous cleavage zones.
Instead of being concentrated along a single fault plane, the
fault motion could have taken place along a number of bedding planes,
with considerable slip along some surfaces and litile motion along

others. This explanation could thus account for both bedding slip

fault zoneg, and the anomalous cleavage zones in the abandoned quarry.
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SUMMARY STATEMENT

Antielinal folding produces differential motion between beds
of ‘a series of beds situated on the fold flank, for as folding pro-
'ceeds, the upper beds of the series move toward the crest of the
enticline with respect to underlying beds of the series. Differw
ential motion between beds may result in the development of drag folds

and fracture cleavage in incompetent beds. In the ideal case, the

axial planes of the drag fold dip away from the crest of the anti-

cline at angles which are greater than the dip of the beds adjacent

to the drag folded horizone ’The strike of the axial planes would
be parallel to the axial plane of the anticline to which the drag
folds are related. Fracture cleavage also results from differential
motion involving an incompetent horizon situsted between two come
petent beds. Normally, fracture cleavage/planés dip awey from the
cfest of the anticline, and strike parallel +to the trend of the
.anticline.

However, at the 8killet Creek and Park Entrance Exposures
of the South Range, drag folds occur with axial planes which dip

N

toward the anticlinal structure to the south of the two exposures.

The dfag fold axial plane strikes vary considerably, but are general- , ey
ly parallel to the trend of the southern anticline. Thus, the drag
folds indicate differential motion reverse to that which would be
anticipated. in the structural setting of the two mapped exposurese.
Anomalous south dipping underthrust shear zones are associated with

the reverse drag folds.

South dipping Tracture cleavage planes were observed in the

anomalous cleavage zones between massive quartzite beds of the
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Wisconsin Granite Quarry on the Norith Range. These fracture cleavage

planes indicate differential motion which is contradictory to the antic-
ipated differential motion in such a structural éituation, for an anti-
clinal structure exists to the north of the quarry, and inasmuch as

upper beds should move to the crest of that anticline, the resulting

fracture cleavage should dip to the north, end strike parallel to the

assoclated anticline., Although the cleavage planes in the anomalous

cleavage zones grike parallel to the trend of the major structure,

they dip to the souths
CONCLUSIONS

The reverse drag Tolds of the South Range may be the result 6f:
(1.) normal drag folds on an overturned limb of a large fold; (2.)
flowage folding within the micaceous horizons; (3.) reverse differ—
ential motion initiated by a relaxation of the major anticline;
(4.) an upthrust wedge of rock caused by compressionel stresses, and
resulting in shears and drag fold near the contacts of the wedge and
the beds not involved in the wedging; (5.) a second deformation;
(Q;) south and crestward motion of the quartzite beds underlying the
micaceous horizons due to anticlinal folding, while the overlying
.beds buck;ed or faulted in such a manner that they did not move
southward. The latter theory seems to be the most plausable expla-
nation of the reverse drag fold and anomalous shear formation, for
it takes into account the absence of normal drag folds in the Slaty
Zones of the Skillet Creek and Park Entrance Exposurese

The south dipping cleavage planes of the anomalous cleavage

zones in the Upper Narrows Gorge may be the result of; (1.) differ-

ential motion produced by a relaxation of the major fold; (2.) down-

_\
|
|
|
4
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ward slip of beds and blocks of beds into a fault formed void; (3.)
slump of beds and blocks of beds;intoka magme. chember at depth; (4.)
bedding slip of beds and blocks of beds into a graben under the present
Upper Narrows Gorge; {(5.) dowanward slip of beds and blocks of beds in-
to voids formed by the stretching of beds over the crest of the north-

¢
ern anticline; (6.) underthrusting of the beds to the south of the
Yisconsin Granite Quarry by the beds north of the guarry, due to
either the formation of the anticline north of the quarry, or post
fold faulting along the bedding slip fault zones in the quarrye. The
most reasonable interpretation of the evidence supports the theory

that the anomalous cleavage zones are the result of bedding Peults

which are more recent than the folding of the regione
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