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PREFACE.

In the present report are deseribed the principal geological
features of a large area in north central Wisconsin, an area,
which, although investigated to some extent by.earlier workers
in the field of geology, has, nevertheless largely remained un-
known land to students and investigators of earth history. The
report is one of a series aimed to deseribe the geology of the
State, and especially the northern part, which was but very -
briefly referred to in the reports of the former State Geological .
Survey. :

The present report, however, does not present, by any means,
the complete and final account of the geology of the area; it is
only a contribution added to our knowledge of the region. To
geologists it is superfluous to mention this, but to the ordinary
reader' it may be important to emphasize that this bulletin does
not aim to set forth a complete and final account of the geology
of the area. In spite of all the earnest study which has been
given to it, there are still many questions to be answered; the
knowledge which has been gained seems small in comparison
with that which yet remains in the unknown. ‘

"The problems presented by the area are mainly those relatmg
to the earliest rocks, namely, the pre-Cambrian, and those relat-
ing to the very latest, namely, the Pleistocene or glacial: The
great gap between these widely separated formations is repre-
sented by the, records of a vast amount of erosion Whleh was
Wrought throughout a very long period of geological time. _

The pre-Cambrian formations consist, to a relatlvely small
'extent of metamorphosed sednnentarles and to a very large ex-
tent of i 1gneous intrusives. Bes1des presentmg the usual complex
geology of the pre- _Cambrian periods, there are within the area
igneous rocks which are highly interesting in character, eon-
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siderable portions of them being apparently quite unusual in
chemical and mineralogical composition. The problems of the
igneous rocks are sketched only in outline ; some new associations
of minerals are described, and some new minerals have been dis-
covered, but there are still mmany questions coneerning the igneous
rocks and their mineral contents, from a scientific point of view,
which need further study. Enough has already been accom-
plished, however, to indicate that certain phases of the igneous
formations, namely, the syenites and associated pegmatites of
this region, furnish a rich and interesting field for the student
of mineralogy and igneous geology.

The glacial deposits of the area furnish the records of four
distinet ice invasions. The alluvial deposits in the valleys, and
the characteristic features of the non-glaciated parts add addi-
tional interest to the geology of the Pleistocene. "While the main
features of the Pleistocene have “probably heen outlined, there
still remains the question of the position and correlation of the
several drift formations with the Pleistocene outside of this
region. The correlation can probably be determined when the
report on the geology of the northwestern part of the State is
completed.

The account of the development of the topographic features
of the area, the plains, the hills, and the valleys, and the various
agencies by which, in the course of ages, these surface reliefs
have been molded into their present form and condition consti-
tutes a distinet part of the report.

It is hoped that this report will be of interest to various classes
of readers. Citizens of the State, and especially those within
the area described, will find a statement of the character of the
rock formations upon 'which they live and the various agencies
which have developed the superficial forms of the land. The
chapter on physiography is designed to give a brief statement
of the geography from the. viewpoint of its origin, and should
" be of value to teachers of physical geography in the schools:
QOune of the principal objects of the Survey reports is the edu-
cational value to the-citizens and schools of the State, a feature
probahly much more important than the commertial or economie
value. S :

In the preparation of this bulletin the author takes pleasure:
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in acknowledging the courtesies received from many citizens of
the area. He is under obligation to Dr. E. A. Birge, Director of .
the Survey, for the many courtesies shown, to President C. R.
Van Hise for assistance in the study of the pre-Cambrian geol-
ogy, and to Professor T. C. Chamberlin for assistance in the
study of the Pleistocene. Both the latter gentlemen visited the
area at various times, and to their general guidance the author
owes much. The author is also indebted to Professor W. W,
Daniells and to Professor Vietor Lenher for the chemical analy-
ses of rocks and minerals, to Mr. W. D. Smith for assistance in
field work in portions of the area, to Dr. J. C. Elsom for many
of the photographic views of landseapes, and to Mr. E. B. Hall
for the photographs of most of the rock sections.






THE GEOLOGY OF NORTH CENTRAL
WISCONSIN.

CHAPTER L

INTRODUCTION, GENERAL GEOLOGY, AND PREV-
I0US EXPLORATION AND LITERATURE.

INTRODUCTION.

The area described in the present memoir is the north central
portion of Wisconsin (see figure 1), and includes the whole
of the counties of Marathon, Lincoln, Taylor, Clark, Wood and
Portage, and parts of the adjoining counties of Langlade, Price
and Rusk. It constitutes about one-eighth of the state and con-
tains something over 7,200 square miles. There is no geologic
or topographic feature which especially characterizes this area,
- and hence it ig given a name descriptive of its geographic lo-
cation in the state. . .

The topography resembles that of other portions of the Mis-
gissippi valley and of the plains of the Great ILakes
region. The area slopes to the south. The elevation above
sea level of the broad valley bottoms in the southern part
is about 1,000 feet, and of the narrow valley bottoms in the
northern part about 1,450 feet. The summits of the uplands,
with a few exceptions, preserve a sloping crest line rising from
the level of the broad valley plain of the southern part of the
area to 200 to 300 feet above the level of the narrow valley bot-
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toms in the northern part. The notable exceptions that rise
above the even crested uplands are Rib Hill and the adjoining
quartzite hills near Wausau, the former having an elevation of
1,942 feet above sea level, and about 800 feet above the adjoining
valley. Powers Bluff is a prominent quartzite hill in central
‘Wood county. In the southern part of the area the broad val-
ley plain is dotted here and there with castellated rocks or
buttes of sandstone.
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Fig. 1. Map showing location of the North Central Wiscopsin district.

The area is-principally drained by the Wiseonsin and Black
rivers flowing southward through the area. The northwestern
part of the area is drained by tributaries of the Chippewa
river, and the southeastern and northeastern portions by
branches of the Wolf river flowing to Lake Michigan. -
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The population of the six whole counties of the area in 1900
was 148,267 and in 1905, 172,440. The leading cities, accord-
ing to the census of 1905 are: Wausau, with a population of
14,458; Merrill, 9,197; Stevens Point, 9,022; Antigo, 6,663;
Grand Rapids, 6,157; Marshfield, 6,035; Tomahawk, 2,626;
Neillsville,. 2,117; Medford, 1,923. The aggregate population
of these cities with the smaller towns of the six whole counties
approximates 60,000. The population of the farming commun-
ity is about 112,000. ; _

The principal industries of the area are agriculture and
manufacturing. Formerly the region was rich in pine and
hardwood.  The .numerous rapids of the Wisconsin and its
tributaries furnish ready water power for the manufacture of
lumber and other wood products. As fast as the lands were
cleared of their timber, farms were developed and the area
gradually passed from one of manufacturing and lumbering
to one in which ‘a.gz"iculture now greatly predominates. Mining
plays an insignificant role in comparison with farming and
manufacturing. The principal mineral resources are building
and ornamental stone, clay and quartz.

It is very probable that with the coming years agriculture
will increase at a greater rate than the other industries and will
remain the chief occupation of the area. For this reason con-
siderable time has been spent upon mapping the surface for-
mations of the area which have produced the present excellent
soil conditions and made the area one of promising agricultural
possibilities,

The area is favored with fair railroad facilities. Being an
agricultural district, good wagon  roads afford easy access
through the settled parts of the area. Large portions of the
region, however, still remain covered with dense forests. The
glacial and the residual soils, which have made the region one
of rich agricultural resources, have obscured the relations and
structure of the crystalline rocks and made the geology of the
pre-Cambrian difficult to decipher. On the other hand, this ob-
scurity of pre-Cambrian geology has been somewhat counter-
balanced by the numerous artificial exposures of ecrystalline
rocks made in the region, such as those furnished by the farm
wells and the wagon roads in the settled portions of the distriet.
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GENERAL GEOLOGY.

The rock formations at the surface in the northern part of
the area are of pre-Cambrian age and consist of various igne-
_ous rocks and metamorphic sediments. The crystalline rocks of
this area form the southern part of the large pre-Cambrian
region of northern Wisconsin. The metamorphic sedimentaries
are phases of shale, slate, quartzite and conglomerate. Among
the -igneous rocks may be mentioned varieties of gabbro, dia-
base, diorite, quartz-syenite, nepheline-syenite, granite and rhy-
olite. The southern and western portion of the area is largely
covered by horizontal beds of upper Cambrian (Potsdam) sand-
stone. Above the pre-Cambrian and Cambrian rocks is a cov-
ering of glacial and alluvial deposits of variable thickness.

The rock formations of the area, beginning with the young-
est, are shown in the following table:



Pleistocene

Pre-Cambrian ...

INTRODUOTION.

( Wisconsin Drift formation.
| Third Drift formation.

t

Paleozoic—Potsdam (Upper Cambrian) S8andstone.

P

L

{ Second Drift formation.

First Drilt formation.

Alluvial deposits (contemporaneous with drift).

Unconformity.

Unconformity.

Upper Sedimeﬁtary Series . ...
Middle Huronian?

(Strategraphic relations un-

known — presumably con
temporaneous).

Unconformity.

(

P

L
.

Nortk Mound
Conglomerate &
Quartzite.

Arpin Conglom-
erate &
Quartize.

Mosinee
Conglomerate.

Marshall Hill
Conglomerate.

Marathon
Conglomerate.

3. Granite-
Nepheline.
Syenite
Series.

Intrusive Igneous Formations. { 2. Gabbro-

(In order of intrusion).

Unconformity.

Lower Sedimentary Series ....
Lower Huronian?

(Stratigraphic relations
unknown).
Unconformaty.

Basal Group
Laurentian or Keewatin?

L

-

%

Diorite
Series.

1. Rhyolite
Series.

Rib Hill
Quartzite.

Powers Bluff
Quartzite.

Hamburg Slate.

Wausau Grey-
wacke.

Gneiss and
Schists.

Position of the formations of North Central Wisconsin in the

General Geological Column.

In the following table for the purpose of comparison ig shown
the position of the formations of North Central Wisconsin in the
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general geological column of North America. It will be seen
that only the oldest and youngest formations are present in this
area the great middle portion of the geological column extend-

ing from the early Paleozoic to the Pleistocene being wholly un-
represented.

TABLE oF GEOLOGICAL FORMATIONS.

North America North Central Wisconsin

Present or Human Present or Human
Perlod Perlod

Pleistocene or Pleistocene or
Glacial . Glacial,

Caenozoic Pliocene
series

Miocens
Oligocene

KElocene

Mesozolc Cretaceous
serles
Jurassic

Triassic

Permian

Pennsylvanian

Paleozolc

‘Mississippian
sories.

Devonian
Silurian
Ordovician

Cambrian Upper Cambrian
(Potsdam Sandstone)

Pre Cambrian Keweenawan

serles Upper Huronian .
Prot ic and -

¢ Al;%lfg::gilg Middle Huronian Upper séiimentary

) serles. ‘

Lower Huronlan Igneous intrusive
series.

Lower sedimentary
series.

Kewaatin Basal Group

Laurentian
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PREVIOUS EXPLORATION AND LITERATURE.

The earliest geological reconnaissance into the central part of
Wisconsin was made in 1847 under the direction of the United
States Treasury Department. This general survey, which cov-
ered the territory of Wisconsin, Towa and Minnesota, was made
under the immediate supervision of Dr. D. D. Owen, whose
final report' was published in 1852.

The pioneer geological explorer of this area was Dr. J. G.
Norwood, a member of Dr. Owen’s corps, who in 1847 made a
reconnaissance from Lake Superior southward up the Montreal
river over the Portage Lake Trail to the head waters of the
‘Wisconsin river, thence down the Wisconsin to Winnebago, the
present site of the city of Portage. Dr. Norwood’s course,
_ therefore, led him through the central part of the area here
deseribed, and he was occupied from Oect. Tth to Oct. 12th, 1847,
in traversing the Wisconsin from a few miles above Grandfather
Falls to Point Bas, the present site of Nekoosa. In his narra-
tive,> which is in the form of an itinerary covering about five
pages, there are brief references to the rocks at Grandfather
Bull Falls, at the mouth of Copper river, ‘‘Beaulieux Rapids,”’
—the present site of Merrill, at the rapids near the mouth of
Pine river, and at the Trap Rapids. He also deseribed briefly
the red granite at the present site of Granite Heights, the syeni-
tic granite at Big Bull Falls, the present site of Wausau, and
the rocks at Little Bull Falls, the present site of Mosinee, and
at Stevens Point. He noted the folded -contorted rocks at
Conants Rapids, which he truthfully describes as having been
‘“‘eompressed by lateral forces into almost every possible wave-
like form.’” The numerous rock islands in the river above
Grand Rapids are noted, and also the rocks at Whitney’s
Rapids and Point Bas.

A. Randall, another member of the corps of Dr. Owen’s sur-
vey, passed through the northwestern part of this area about
the year 1847. He explored the Black river from its mouth to
the 4th Prineipal Meridian and thence to Lake Superior. His
observations are embodied in two or three pages of Dr. Owen’s

10wen’s Geological Survey of Wisconsin, Iowa and Minnesota, 1852.
21bid. p. 285-289. '
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report,' accompanied by colored -cross-sections? showing the
structure of the region explored. ,

He observed the granite and gneiss in the vicinity of the pres-
ent site of Neillgville, and the sandstone hills 10 or 15 miles
farther north. He passed over a generally flat region along
the 4th Meridian, north of township 30, and noted no rock ap-
pearing at the surface, except boulders, for a distance of 60
miles.

The results of the explorations of Norwood and Randall are
presented in the general geological map® of the area recon-
noitered by Owen’s survey. At that time, however, the U. S.
Land Survey along the Wiseonsin and the Black rivers had not
been made, and the various ledges located by Norwood and Ran-
dall are with reference to the water courses.

In 1855 Dr. J. G. Percival, then state geologist, spent five
months in making a general reconnaissance of the entire state,
and in his course examined the rocks at Stevens Point and vicin-
it. The alternating layers of gneiss and granite are noted* and
the overlying sandstone at the upper end of Conants Rapids on
the east side of the river is referred to.

Following the brief work of Dr. Percival upon the rocks in the
vicinity of Stevens Point, no further geological work in the cen-
tral part of the state was done until 19 years later, in 1874.
During 1874 and 1875 R. D. Irving eovered a region of about
10,000 square miles in the south central portion of the state.
Irving’s area did not extend further north than Marathon
county and included territory as far south as Dane county.
This region contained thick Paleozoic sediments in its southern
‘portion and the pre-Cambrian erystallines in its northern part.
The area deseribed in the present report is somewhat larger
than the northern crystalline portion of Irving’s area.

The results of Irving’s® work in 1874 and 1875 was a general
report upon the pre-Cambrian crystalline rocks, the Cambrian
and Silurian sedimentaries, and the Pleistocene formations of

1Ibid. p. 151-152. ]

2THustrations, Owen’s Geological Survey, Section 2 R.
3Illustrations, Owens Geological Survey.

+ Ann. Report Geological Survey of Wis., 1856, p. 107-108.
5»Wis. Geol. Survey, Vol. II, Part III, p. 408-636.



INTRODUOTION. 9

the area explored. This report, published in 1877, was supple-
mented! in 1881 by a petrographic deseription of the crystal-
line rocks of the upper Wisconsin valley, prepared by C. R.
Van Hise. The rocks examined by Van Hise were those col-
lected in 1879 by A. C. Clark in addition to those collected by
Irving in 1874 and 1875.

The field studies of Irving, and the areas from which the col-
lection of specimens by Clark was made, were almost entirely
along the Wisconsin river and its main branches, along the Wis-
consin Central railroad in the vicinity of Stevens Point, and
along the Chicago, Milwaukee and St. Paul railroad from Grand
Rapids to Merrill. Van Hise had not seen the specimens exam-
ined by him in their field relations, and Irving had time only to
assist in the preparation of their general report. Irving was
able, however, to apply the extensive knowledge and experience
gained by him in his detailed mieroscopic study of similar crys-
talline rocks near Liake Superior. The petrographiec deserip-
tions and series of sketch maps prepared by Irving and Van
Hise for the limited area they cover are in general accurate,
and have been of much value in the prosecution of the pres-
ent work. The general map and summary? of results of Ir-
ving, as stated by himself, ‘‘can be regarded as nothing more
than an intelligent guess.”” His brief discussion of the broader
structural and genetic relations of the crystalline rocks of this
areg has been of little value in the present work.

The work of T. C. Chamberlin within the present area has
been principally with reference to the glacial and surface geol-
ogy. But a short time was spent by him in the field study of
this area, and his prineipal references to it are in his report®
of the Superficial Geology of the Upper Wisconsin Valley,
mainly based on the observations of A. C. Clark. References
to this area may also be found in his general discussion* of the
Quarternary Age.

‘W. W. Daniells in 1883 spent a few days in this area and his

1Wis. Geol. Survey, Vol.- IV, Part VII, p. 625-714.
2Wis. Géol. Survey, Vol. IV, Part VII, p. 7T11-714.
3Geol. of Wis., Vol. IV, Part VIII, pp. 717-723.
*Geol. of Wis.,, Vol. I, pp. 261-298.
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observations were incorporated in the very general report of ‘
Irving’st on the Archean of the Northwestern States.

In 1888 C. W. Hall? made a few days’ trip along the Wis-
consin river from Rhinelander to Stevens Point and presented
a petrographic description of the rocks collected during his re-
connaissance. .

C. R. Van Hise® in 1896 presented the evidence of an ancient
base-leveled plain in the central Wisconsin region, which was
based upon observations made during the prosecution of the
present work. :

Since the present survey of the area was begun, several papers
by the writer,* dealing with certain phases of the geology of
the area have been issued. The results of investigations de-
scribed in these papers are incorporated in the present report.

The geological literature of this area is not of a voluminous
nature. It is obvious that in the hurried excursions of the
early explorers into the area, the variety of rock formations and
their structural relations were necessarily only surmised. The
first general geological report of the region which included the
southern portion of this area is that of Irving in 1877 and 1881,
who traversed only the prinepal thoroughfares of the portion
described. The present report may be considered the first at-
tempt to present a detailed account of the area. It is a work
never attempted before, and could hardly have been accom-
plished earlier. Other reports will undoubtedly follow it in the
future which will add much new infermation to the results of
investigations here presented. To all previous writers upon the
geology of this area the writer is indebted; especially is this
true of the work of Chamberlin and Irving, of the former State
Geological Survey, not only concerning the geology of this par-
ticular area, but more especially to their work in adjoining parts
of the state, and elsewhere.

15th Ann. Rept., U. S. Geol. Survey, pp. 175-242, 1884,

2Minn. Acad. Nat. Sci., Vol. III, No. 2, pp. 2531-268.

s Science Vol. 4, 1896, pp. §7-59.

+The pre-Potsdam Peneplain of the pre-Cambrian of North Central
Wisconsin; Jour. of Geol., Vol. XI, pp. 289-313, 1903,

Solls and Agricultural Conditloas of North Central Wisconsin;
Wisconsin Geol. & Nat. Hist. Survey, Bull. No. XI, 190s.

Widespread Occurrence of Fayalite in Certain Igneous Rocks of
Central Wisconsin; Jour. of Geol., Vo' XII, pp. 551-561, 1904.
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HISTORICAL, OR STRATIGRAPHIC, GEOLOGY.
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OUTLINE.

Under historical, or stratigraphie, geology is described the
various rock formations in the area in the order of their ap-
pearance and succession, and the sequence of events of which
they form the records is' interpreted. The historical geology
falls into three sections or parts, one section relating to the pre-
Cambrian geology, one section relating to the Paleozoic geology,
and one section relating to the Pleistocene or glacial geology.

The pre-Cambrian geology is deseribed in three chapters:

Chapter II. The Basal Group.

Chapter III. The Lower Sedimentary series.

Chapter IV. The Igneous Intrusive formations.

Chapter V. The Upper Sedimentary series.

Chapter-VI. The Correlation of the pre-Cambrian, and the
Unconformity between the pre-Cambrian and Paleozoic.

The Paleozoic geology forms one chapter:
Chapter VII. The Potsdam Sandstone (Upper Cambrian)

The Pleistocene or glacial geology is deseribed in four chap-
ters:
Chapter VIII. The general character of glaciers and
glacial drift.
Chapter IX. The Glacial formations.
Chapter X. The Alluvial formations.
Chapter XI. The Driftless area.

“(12)

1
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PRE-CAMBRIAN GEOLOGY.

CHAPTER 1L

THE BASAL GROUP.

Along the Wisconsin river extending from the vieinity of
Stevens Point as far south as Nekoosa, and along the Yellow
river in the vicinity of Pittsville, and along the Black river in
the vicinity of Neillsville, are abundant and often quite con-
tinuons exposures of foliated and banded gneisses closely as-
seeiated with, and intruded by, several granite and diorite schist
formations. These banded gneisses and schists are in marked
contrast with the massive granite, gabbro, rhyolite and other
igneous rocks intrusive in the metamorphic sedimentaries far-
ther north about Wausau. The foliated and banded gneiss is
the oldest of these formations. It is intruded in turn, by fine-
grained diorite (greenstone) schists, by medium grained quartz-
syenite schist, and by medium-grained mica-granite schist.
Each later schist has intruded the older formations and through
subsequent earth movements these have again and again been
mashed together until the whole series has been made into a
very complicated and complex mass.

This group of formations consisting of foliated gneiss and in-
trusive schists is believed to represent the oldest rocks of the area.
While these rocks were nowhere found in actual contaet with
any of the Pre-Cambrian sedimentary formations, yet the
gneiss and schists appear with probably little doubt to be the
ancient, rock floor upon which the oldest sedimentaries of the
area were deposited. The belief that the complex mass of
schistose and gneissic formations. represents the oldest rocks in
the drea is based, first, upon the extreme metamorphism of the
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formations of this group as compared with the oldest sedimen-
tary and associated intrusive igneous formations, and, secondly,
upon the similarity in charaecter of this group of rocks in most
respects, if not all respects, with the rock floor of the abundant
oldest sedimentary formations in the adjacent Lake Superior
region to the north.

The gneiss and schists, here referred to as the Basal Group,
are penetrated by widespread igneous intrusions, which also in-
trude the older series of sedimentary rocks about Wausau.
Among these intrusives are included the rhyolite formations;
the greenstone formation, which consists of aphanitic green-
stone, olivine diabase and diorite; and the granite-syenite rocks,
which include massive granite, quartz-syenite, nepheline-syenite
and related rocks. The intrusion of these later igneous rocks
followed the period of the deposition of the earliest sedimen-
taries of the area, and appears to have been contemporaneous
with a prolonged period of orogenic and mountain-making move-
ments effecting the region. These later intrusives are often ex-
tremely mashed and metamorphosed in places, like the forma-
tions of the basal group are as a whole. On this account, there-
fore, it is often difficult and sometimes impossible to separate in
the field smalil exposures of the later intrusives from those be-
longing to the basal series; however, where the rock is exposed
to any extent, the older and more metamorphosed gneisses and
schists ean usually be separated from the later more massive
and less altered formations.

ARFEA OF THE BASAL GROUP.

The gneiss and schists are unusually abundant in a belt ex-
tending across the southern part of the distriet, as already
stated, in the vicinity of Stevens Point, Pittsville, and Neills-
ville. This belt, as indicated by isolated rock exposures, is ap-
parently from 5 to 20 miles wide, and trends in a general way
nearly east and west. Its eastern end is located at Stevens
Point, still further east of which it probably extends, but is
covered by a great thickness of alluvium and glacial drift. Its
western end is known to extend far beyond the western bound-
ary of this area.

The gneiss and schists const1tute the predominating rocks

~
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forming the rapids of the Wisconsin river from Stevens Point
southward as far as Nekoosa. South of Nekoosa the Cambrian
sandstone covers the Archean and becomes the surface forma-
tion. Huronian rocks underlie the sandstone within a few miles
south of Nekoosa. The width of the belt along the 'Wisconsin
river is at least 15 miles.

Along the Yellow river, in the vieinity of Pittsville, the belt
has a known width of about 6 to 9 miles, being delimited on the
north by the intrusive massive granite and greenstone, and cov-
ered on the south in the vieinity of Dexterville by the Cambrian:
sandstone and the Pleistocene alluvial deposits. About 6 miles
southwest of Dexterville in the vicinity of the southeast corner
of See. 6, T. 31, R. 3 W, is located North Mound, consisting of
conglomerate and quartzite undoubtedly much younger than the
gneiss and schists.

Along the Black river in the vieinity of Neillsville the gneisses
and schists extend for a distance of about 20 miles, as shown on
the map, being delimited on the north by massive intrusive
rocks north of Neillsville and on the south by the Huronian
quartzite and later igneous intrusives at Black River Falls. .

The broad region lying between the Wisconsin, Yellow and
Black rivers in southwestern Wood and southern Clark eounties
containg but few roads and therefore is difficult to traverse.
The area is covered with allavium, glacial drift, and Cambrian
sandstone, and for these reasons but few igneous rock exposures
were found, and mueh of the pre-Cambrian geology is obseure.
However, because these rivers show continuous exposures of this
basal group of rocks, the area between is believed to be of simi-
lar rock and for this reason the belt is mapped as continuous
aCross.

- There is also an area of isolated ocenrrences of schistose and
gneissoid rocks north of the main belt in the southwestern part.
of Marathon county. The extremely metamorphosed rocks of
these isolated areas are very often doubtfully placed, but where
much foliated, banded, and variously intruded by one or more
later formations they are placed with the oldest group. A con-
siderable area of rocks, probably of this group occurs in the
vicinity of Halder post office, about 10 miles west of Mosinee.
Small areas of banded gneisses and schists have also been noted
along the railroad about a mile north of the station at Fenwood,
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along the Big Eau Pleine river near Stratford, and in the vicin-
ity north of Rozellville post office.

TOPOGRAPHY.

The foliated schists and gneisses are exposed quite continu-
ously along the river beds, as above stated, where the known
width of the belt is best determined. For long stretches along
the water courses they constitute the rock of the bottom of the
river beds, with the horizontal sandstone appearing in thin cap-
pings above them on the banks. The surface of the land away
from the river is a very gently sloping plain with isolated thin
cappings of the sandstone interspersed with low ledges of crys-
talline rock, the whole generally covered with a variable thick-
ness of alluvium and glacial drift.

KINDS OF ROCK.

The various roeks of the oldest group include (1) gneiss, (2)
greenstone-schist, (3) quartz-syenite schist, (4) biotite granite
schist. These will be described in the order of their relative
ages.

GNEISS.

The gneiss has a structure due to the interlamination of dif-
ferent rock types or to the alternating occurrence of bands or
lenticules especially rich in certain minerals, which give the
rock a streaky, laminated or banded appearance. For these
reasons it does not denote a rock of some definite composition,
but, as a rule, is a combination of different rock types. It be-
longs with that class of rocks recently referred to by Harker as
mixed rocks. Most of the gneiss here described has the com-
position. of an intermediate igneous rock, for it is principally
the product of the inter-injection of phases of granite by such
rocks as diorite, diabase or gabbro.

General Occurrence—The general distribution of the basal
rocks, forming a belt extending east and west across the south-
ern part of the area, has already been pointed out. The de-
limitation of this belt mainly coincides with the distribution of
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the gneiss formation here described, for it is the foliated, banded
and contorted character of this gneiss which furnishes the most
striking feature and distinguishing character of the older group
of rocks as compared with the later and more massive formations.
Hence, in general, this gneiss is found wherever the formations
.are mapped as belonging with the basal group.

Along the Wisconsin River—The foliated gneiss occurs north
of Stevens Point at Langenberg’s brick yard. Unusually abund-
ant exposures of the gneiss occur along Conants Rapids of the
Wisconsin river opposite the upper paper mill. The foliated
gneiss is also abundant along Rocky Run from Sec. 1, T. 23, R.
T B, as far south as the Wisconsin river, and also along Mill
creek in Sec. 15, T. 23, R. 7 E. Gneiss is also abundant along
the Wisconsin river, and the southern part of Grand Rapids and
also along the rapids immediately north of the Port Edwards
pulp mill, between the mill and the dam, nearly a mile farther
north.

On the Yellow River and Hemlock Creek.—The banded gneiss
is also abundant along the Hemlock creek in the SE. 14 of Sec.
36, T. 23, R. 3 E,, and for some distance farther north. Along
the Yellow river for several miles both above and below Pitts-
ville the foliated and contorted gneiss is abundant.

On the Black River—In the vicinity of Neillsville, and along
the Black river at the mouth of Cunningham creek the gneiss
is abundantly exposed. ’ ,

Isolated Occurrences—Only isolated occurrences of very small
extent of the gneiss or other crystalline rocks were found in the
nearly level area in southwestern Wood and southern Clark
counties. About a mile southwest of Granton, Clark county, in
SW. 14 NE. 14 of See. 1G T. 24, R. 1 W, there are several rail-
road cuts in the gneiss formation.

Petrographic Character.

Macroscopic—The gneiss throughout its various exposures
varies from fine to medium grained, the former having bands
varying in width from 1 mm. to 3 or 4 mm., the coarser varieties
having correspondingly wider leaves. The various phases
usually show the effects of mashing and granulation by the readi-

ness with which they erumble in the hand on the freshly fractured
2—G.
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surfaces. Sometimes the leaves and bands of the gneiss are but
slightly folded and extend in fairly straight lines for some dis-
tance. More usually, however, the gneiss is intricately folded,
crumpled, and faulted. It is also much veined and pegmatized.
In the numerous exposures of the foliated gneiss examined along
the ‘Wisconsin, Yellow and Black rivers no evidence of bedding
or sedimentation was noted. Some phases of the gneiss appear
to have been developed by the extreme mashing of phases of
granite accompanied by or followed later by the injection of
mineral solutions from basic rocks. Other phases are appar-
ently mashed aphanitic greenstones containing veins of feldspar
and quartz. Very often-the ‘‘augen structure’’ is developed in
the gneiss while the rock was under great pressure by the linear
arrangement of dark acicular minerals such as amphibole and
biotite about the larger and more rigid crystals of feldspar or
feldspar and quartz. '

Microscopic—The thin sections show the gneiss to consist,
usually, if not always, of feldspar, quartz and amphibole with
a varying and usually less amount of biotite. The feldspar
is either orthoclase, microcline or the albite variety of plagioclase
the latter generally predominating. The coarser grained phases
show the cerystals of feldspar and quartz in a more or less frac-
tured and granulated condition. In the finer grained phases
these minerals are of fairly uniform size and have the appear-
ance of being developed through their breaking down by granu-
lation from larger erystals. The amphibole is probably the
common green hornblende having a bluish-green and yellowish-
green pleochroism. - The biotite is the common brown variety
and is in part an alteration of the hornblende and in part see-
ondarily developed with a parallel oriention in the interstices
of the feldspar and quartz. = Besides these common and abund-
ant minerals there is usually a small amount of apatite and
sometimes a few minute erystals of zirecon present in many of
the phases of gneiss. While evidence of fragmental character
of the gneiss was searched for, no evidence of sedimentary origin -
was found by microscopic study.

On account of the foliated and fissile structure of the gneiss
and the readiness with which water penetrates. it, it is very
often deeply weathered. The decomposition minerals of the
feldspar and amphibole are usually sericite, chlorite, epidote,
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biotite, and calcite. In the basic phases of the gneiss magneﬁte
is often present both as a secondary and an original constituent.

GREENSTONE SCHIST.

The greenstone schists are fine-grained schistose basie¢ rocks,
closely associated with the foliated and banded gneisses. This
greenstone schist in many places clearly intrudes the gmeiss
above described and is in turn cut by later more acid or granitic
schists of the basal complex. The rocks here deseribed under
greenstone schists are quite variable in the proportion of min-
erals contained. Phases of these schists are similar to such
rocks elsewhere deseribed as hornblende schist, amphlbole schlst
mica amphibole schist, ete.

Distribution.—Along Conants Raplds south of Stevens Point
are several localities of the Archean containing lenses and dike-
like masses of the fine-grained greenstone schist. Good ex-
posures of this formation occur on the west side of the river op-
posite the upper paper mill near the ecenter of Sec. 8, T. 23, R.
8 E. Other occurrences are in the rapids at Grand Rapids and
farther south along the Wisconsin river at the Port Edwards
pulp mill, Along the Yellow river at Pittsville and for several
‘miles farther north there are mashed phases of greenstone closeiy
associated with the foliated gneiss. Along the Black river a.
mile west of Neillsville are similar occurrences of the green-
stone schists intrusive in the foliated gneiss.

Petrographic Character.

Macroscopic—The prevailing character of the greenstone
schists is uniform and is in all respects like that of the green-
stone schists of other pre-Cambrian areas of the northwest. The
greenstone schist is fine-grained and is mainly composed of feld-
spar, amphibole, mica, and quartz. The weathered surface of
the rock is often greenish-black; the fresh surface is very gen-
erally black. On account of their fissility and the easy penetra-
tion of water into them the greenstone schists are often deeply
weathered. ‘

Microscopic—Under the miscroscope the greenstone schists
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are seen to be quite uniform in the character of the minerals
present but often differ considerably in the relative abundance
of these minerals. Usually the most abundant minerals are the
plagioclase feldspars and green hornblende. Next in abund-
ance is biotite and quartz. Very often orthoclase feldspar is
present in considerable quantity. The feldspars are generally
much altered to sericite, chlorite, green amphibole, biotite, and
quartz. Epidote, magnetite, and zoisite are also often present,
quite generally as alteration products.

The schistose rocks here called greenstone schists bear no evi-
dence of being of sedimentary origin, possessing, neither traces
of fragmental origin under the microscope nor evidence of
‘stratification in their field exposures. While having throughout
well developed schistosity and cleavage, this structure was very
probably mainly induced by such secondary processes as mash-
ing of the rock as a whole, and recrystallization and orientation
of the amphibole and miea while under pressure. )

The greenstone schists were very probably originally phases
of the finer grained diorites, diabases, gabbros and peridotites
and other basic igneous rocks. No olivine or pyroxene was
found in,the greenstone schists here classed with the basal for-
mations, although these minerals may occur in some of them.
The olivine diabases found intrusive in the gneiss and schist at
Grand Rapids and near Pittsville on account of their massive
character are classed with the later intrusives.

QUARTZ SYENITE SCHIST.

The quartz syenite schist is a fine-grained rock with well de-
veloped schistosity. It is intrusive in the foliated gneiss and
shows much less metamorphism than the latter. It is, however,
a thoroughly mashed rock and shows much more deformation
than the abundant massive quartz-syenite in the area farther
north about Wausau.

Distribution and Exposures—This formation cannot, as a
rule, be recognized and separated from the biotite granite schists
associated with it. A clearly defined exposure of this formation
is to be seen on the west side of the Wisconsin river opposite the
upper paper mill at Conants Rapids, where it is clearly shown
to be a distinet formation by having a composition differing
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markedly from the associated granite schists and in possessing a
cleavage and jointing system also differing markedly from and
not in conformity with the latter. It is believed, therefore,
that there is a general distribution of quartz syenite schist
throughout the basal formations.

Petrographic Character.
|
Macroscopic.—As already stated, the rock is a fine grained
schist with marked cleavage and jointing. Feldspar and biotite
appear to be the principal constituents seen in the hand speci-
mens. In the locality above referred to, opposite the upper
paper mill at Conants Rapids, this formation is cut by numerous
veins of granite and also by numerous pegmatite veins, the
larger veins generally trending northwest and being nearly
parallel with the strike of the associated foliated gneiss. Some
of the dikes of the granite schist also cut directly across the
cleavage of this formation. '
Microscopic.—In thin sections this rock is seen to consist of
orthoclase, albite, quartz, biotite, and amphibole. Muech the
larger portion of the rock consists of the feldspars. The biotite
and amphibole are in approximate parallel orientation. The
amphibole is common green hornblende showing incipient altera-
tion to biotite. Quartz is an important constituent but not so
abundant as in granite. Apatite occurs in numerous needle
crystals. ‘A small amount of epidote, sericite, and chlorite is
present. '

B10oTITE GRANITE SCHIST.

This formation is a mashed, fine to medium grained granite
containing a variable amount of biotite and other dark minerals.

Distribution.—The biotite granite schist has a widespread oc-
currence in the area of the basal group of rocks and appears to
be about as abundant as the foliated and banded gneiss. It
oceurs abundantly along the Wisconsin river at Stevens Point,
at Conants Rapids, Birons Mill, Grand Rapids and Nekoosa.
On the west side of the river at the upper paper mill in Conants
Rapids this granite schist is seen cutting directly across the
strike of the foliated gneiss and it also penetrates in a complex
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manner the quartz-syenite schist above deseribed. The granite
schist is in turn penetrated by coarse pegmatite veins which lead
out from the massive granite of the vicinity, the latter being a
much younger formation and believed to belong with the mas-
sive granite which intrudes the sedimentaries about Wausau.
Along the Yellow river north of Dexterville are several ex-
posures of the granite schist and along the Black river in the
vicinity of Neillsville there is an abundance of the granite schist
containing large crystals of feldspar and havmg the general ap-
pearance of “augen gneiss.”’

Petrogmphic Character.

~ Macroscopic—This formation is fine to coarse-grained and
possesses quite generally well developed schistosity though not
nearly so schistose as the other formations here classed with the
basal group. ‘The abundant minerals are feldspar, quartz -and
mica. In the field exposures all evidence pointed to this rock
being merely a mashed phase of a medium to coarse grained
granite. Along the Wisconsin river the granite schist is gen-
erally medium grained. -On the Black river south' of Neills-
ville a few miles, are numerous exposures of coarser phases of
the granite schist containing an abundance of large crystals of
feldspar and having the general appearance of ‘‘augen gneiss.”’

eroscopw —1In the thin sections the feldspar components of

the schist are seen to be principally orthoclase and albite. . The
larger crystals of orthoclase usually show peripheral granula-
tion with abundant flakes of biotite mingled with the granu-
lated portions. The larger crystals of quartz are generally frac-
tured and possess undulatory extinetion. Various stages of the
granulation of the feldspar and quartz can be detected in the
different phases. of the schist. The *biotite’ crystals, the most
common  dark mineral, quite generally have their longer axes in
a common direction and to this parallelism of the biotite is
mainly due the schistosity of the rock. ~Other minerals noted in
phases of the granite schist are small amounts of muscovite,"
" hornblende, epidote, magnetite, chlorite, sericite and zircon.
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THE INTRUSIVES IN THE BASAL GROUP.

The gneiss and various schists of the basal group are cut by
numerous dikes and boss-like masses of acid and basic rocks
such as (1) rhyolite, (2) diabase, (3) fine-grained diorite, and
(4) granite, named in the order of their intrusion. These for-
mations are intrusive in certain sedimentary rocks of the area
and a much fuller description of them is found in succeeding
pages of this report.

RBEYOLITE.

Rhyolite occurs at several places in the gneiss and diabase
along the Yellow river between Dexterville and Pittsville. In
the northern part of See. 10, T. 22 N., R. 3 W., the rhyolite ap-
parently forms dikes intrusive in the greemstone. About half
a mile below the wagon bridge at Pittsville the rhyolite occurs
in massive ledges in the near vicinity of the foliated gneiss.
Near the center of See. 3, T. 22 N., R. 3 W., the rhyolite*-dceurs
with the gneiss and apparently intrudes the latter in a very ir-
regular manner.

The rhyolite is generally a massive rock havmg a greenish-
gray aphanitic ground-mass containing numerous phenocrysts of
quartz and feldspar. Under the microscope there is seen to be
quite a variation in the texture of the ground-mass. Some
phases of the rhyolite have a fine-grained ground-mass contain-
ing numerous small spherulites which show distinetly the usunal
cross under the nicols. Other phases have a coarse ground-mass
approaching the texture of a fine granite. The phenocrysts of
feldspar and quartz are well developed in all phases. The
quartz phenocrystals are often deeply embayed and ecorroded
and often reveal unusually well developed rhombohedral cleav-
age. The feldspar phenocrysts are apparently plagioclase, some
phases of the rhyolite containing varieties rich in lime, as in-
dicated by their decomposition, and replacement by calcite. The
rhyolite contains numerous minerals due to weathering, the prin-
cipal ones being sericite, ehlorite and calcite, with less amounts
of amphibole, epidote and biotite.

1 Irving, Wis. Geol. Survey, Vol. 1I, p. 491,
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OLIVINE DIABASE.

In the river at Grand Rapids a short distance north of the
wagon bridge is a dike of olivine diabase about 125 feet in width
with numerous smaller dikes of the same formation in the near
vieinity. The diabase cuts across numerous pegmatite veins and
appears to be much later in origin than the foliated gneiss and
the associated schistose rocks. This rock is fine grained, having
a firm even texture and black to browninsh-black color, and is
quite uniform in general appearance.

Under the microscope the rock is seen to consist of small lath-
shaped feldspars having the extinetion of labradorite or bytown-
ite. Good sized crystals of a green, weakly pleochroic pyroxene
having a large angle of extinction, indicating augite, and olivine,
apatite, magnetite, hematite, biotite and serpentine, are the
usual minerals of the diabase. As is usual in diabase, the
augite and bytownite show a close relationship in development
indicated by the large crystals of the augite enclosing numerous
elongated crystals of the bytownite. The specimens eéxamined
were collected near the water’s edge where the rock is now being
eroded and is consequently quite fresh. The bytownite, how-
ever, shows slight alteration, mainly to kaolinite. The augite
generally shows less alteration than the bytownite but in places
- it is changed to brown mica and green chlorite. The olivine
oceurs in small irregular grains and as usual shows more altera-
tion than either the feldspar or pyroxene. The olivine is al-
tered to serpentine, magnetite, hematite, and chlorite, and all
stages of the alteration from the pure olivine to a complete
change to an aggregate of alteration minerals are to be seen.
The apatite occurs in numerous needle crystals enclosed within
the feldspar and augite crystals.

DioriTE.

At Grand Rapids and at Pittsville are intrusions of fine-
grained diorite, or greenstone, which, like the olivine diabase,
appear to be much later in origin than the foliated gneiss and
schist. - :

Along the Yellow river north of Pittsville, near the south
quarter post of Sec. 21, T. 23 N., R. 3 W,, along the border of the
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foliated gneiss and the younger intrusives lying to the north,
are numerous instances of diorite dikes (6292, 6293) in the
gneiss. The diorite is generally fine-grained and massive and to
all appearances belongs to the large area of fine diorite oecur-
ing along Rocky Run immediately to the mnorth. Under the
microscope the diorite is seen to consist principally of green am-
phibole and plagioclase. The amphibole is somewhat altered in
places to chlorite, epidote and magnetite. The plagioclase is
finely striated and is either albite or oligoclase and is consider-
ably altered to kaolinite, sericite, and zoisite and contains nu-
merous inclusives of apatite in needle-like crystals.

GRANITE.

It is necessary to give but a brief description of the extensive
granite intrusives found in the Basal series for in most cases
these can readily be shown to belong to the great intrusive mass
of granite belonging with the granite-syenite series intruding
the lower sedimentaries of the region and fully described in fol-
lowing pages. As already stated, no sedimentaries have been
found in contact with the series of formations here designated as
the basal group. Everywhere along the northern border of the
belt of foliated gneisses and schists the latter seem to be de-
limited by intrusive rocks, most of which appear to belong to
this granite formation. Within the belt of older rocks also,
wherever exposed in any considerable quantity, dikes of the
massive granite may be found, sometimes very limited in width,
at other times having the appearance of being great bosses in
the gneisses and schists.

Clear cut examples of the massive granite dikes in the basal
group of rocks are shown in the exposures along the Yellow river
about a mile north of Pittsville, and along the Wisconsin river
at Conants Rapids, Biron’s Mill and Grand Rapids.

The granite is fine to medium grained, varying in color from
reddish to grayish. It is schistose in places but is more gen-
erally massive and in marked contrast with the formations of
gneiss and granite schist which it intrudes. The formation is
very often jointed and eontains veins of quartz, and segregation

1The numbers refer to speclmens in the Wisconsin Survey Col-
lection. : '
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veins of coarse granite and pegmatite. The constituent minerals
are those commonly found in granite, such as orthoclase, miero-
cline, albite, quartz, biotite, muscovite, rarely amphibole, epi-
dote, chlorite, sericite, magnetite, pyrite and zircon.

DESCRIPTION OF LOCALITIES.

The general distribution of the foliated gneisses and schists,
here referred to the basal group, has already been outlined. It
is purposed to pz"esent in the following pages a more detailed
description of localities along the Wisconsin, the Yellow, and
the Black rivers where these formations are well exposed.

Along the Wisconsin River.

. Stevens Point.—In the rapids at Stevens Point none of the
oldest foliated gneiss of the basal group was found. The pre-
vailing rock appears to be schistose granite, the schistosity trend-
ing from N. 40° E. to N. 80° E. and generally dipping to the
northwest. The schistose granite (6694) is rich in biotite and
pink and white felspar and limpid quartz. It contains frag-
ments of finer grained granite schist (6695), the latter being
abundant in the vicinity of the dam.

. Beneath the outcroppings of sandstone, which are qulte abund-
ant in the vieinity of Stevens Point, there may be found a
variable thickness of residual clay and partially decomposed
schist, which, as pointed out by Irving,® has been developed
through the decomposition of the crystalline rocks. Good ex-
amples :of the decomposed gneiss and schist are shown on both
sides of the river just below the bridge of the Wisconsin Central
railroad where there is a thickness of 5 to 10 feet of the decom-
posed schist which may readily be seen grading downward into
the fresh crystalline rock at the water’s edge, and covered over
with a capping of the Potsdam sandstone. The clay bank of the
Langenberg. brick-yard, located about a mile north of the city,
consists of gneiss and schist decomposed into clay to a depth of

1Geol. of Wis., Vol. 1I, pp. 464, 468.
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10 to 20 feet. As pointed out more fully in a later chapter of
this report, the relation of the decomposed crystallines and the
sandstone undoubtedly points to the origin of the residual clay
long before the deposition of the overlying Potsdam sandstone.

Southwest of Stevens Point is a small creek known as Rocky
Run, oceupying an old channel of the Wisconsin river. Through
Sections 1 and 12, T. 23 N, R. 7 E., there are almost continu-
ous exposures of the rock in the bottom of the deserted channel.
The rock is mainly a mashed and extremely pegmatized phase of
the schistose granite similar to that along the river in Stevens
Point. Still farther southwest along Mill ereek in the southern
half of Sec. 15, T. 23 N., R. 7 E,, there is a large number of low
lying exposures of pegmatized and schistose granite where
Wood’s saw mill was formerly located. The rock here ap-
proaches somewhat the character of the foliated gneiss, but gen-
erally differs from the latter in containing no injected leaves of
basic rock. The strike of the schlstosaty is quite vanable but
is generally between N. 55° W., and N. 85° W. The rock con-
ta.ms numerous veins of quartz and pegmatite. The pegmatite
veins consist of all proportions of feldspar and qua.rtz and vary
in thickness from fine films to thick veins 4 to 6 feet in width
which cut across the schlstose structure of the rock in every di-
réection.

‘Conants Rapids.—The raplds along the’ Wlsconsm river in
the vieinity of Stevens Point extend southward from Stevens
Point to the central portion of See. 15, T. 23 N, R. 8 E., near
the great bend of the river. That portion of the rapids extend-
ing from the center of Section 8 southward to the bend of the
river is known as Conants Rapids. On the east bank of the
river, at Conants Rapids, are located two large paper and pulp
mills, generally referred to as the upper paper mill and the
lower paper mill,

"The upper mill is located near the center of the SE. 14 of Sec.
8 T. 23N, R. 8 E." On the West side of the river opposite the
mill, at the end of the dam is a small area of rocks well exposed
which shows clearly the several formations of the basal group
and their relations. There is perhaps no place along the Wis-
consin river wheré the oldest rocks of the region can be studied
to better advantage The aceompanwng photograph, Plate III,
is intended to convey an idea of the general structure and re-
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lations of these formations. The rocks are much more contorted
and intermingled than is possible to show by any drawing or
sketch. The general relations of the rocks at this place have al-
ready been referred to. (See page 19.) The oldest forma-
tion present is the foliated gmeiss-consisting of layers of gray
granite alternating with layers of dark basic rock having a
general trend of N. 75° W. and dip of about 60° to 75° SW.
Dike-like masses of greenstone schist oceur here and there in
the gneiss, The next oldest formation is a mashed quartz sye-
nite schist having a cleavage with a dip and strike nearly par-
allel to the banding of the gneiss. The quartz syenite schist is
intrusive in the foliated gneiss and is in turn penetrated by a
biotite granite somewhat schistose in character. Large dikes of
the granite schist cut directly across the banded gneiss and par-
allel with these larger dikes are numerous narrow pegmatite
veins and jointing planes. Systems of pegmatization, as shown
by the distribution of some of the veins in all the formations,
while certain others are limited to only one or two of them, ap-
pear to be connected in origin with the quartz syenite schist and
the biotite granite schist and also with the later massive granite.
A few hundred feet south of the upper paper mill, where the
river turns to the east, there is an abundance of coarse massive
granite having the character of the intrusive granite about
‘Wausau, and believed to belong with the latter formation. This
is believed to be a later formation than any of those occurring
at the upper mill, and to have been the origin of the latest series
of pegmatite veins occurring there.

At the lower paper mill exposures of the erystalline rock are
less abundant. On the east side of the river where the Sher-
man saw mill was formerly located, on a mill race leading from
the mouth of the Plover river, there is a good exposure of the
foliated gneiss and schist inthe bed of the abandened race. The
rock in the race is mostly granite-schist with marked fissility,
having a nearly vertical dip and strike generally trending N.
30° to0 35° E. Outside of the mill race in the yard of the paper
mill and along the river bank there are exposures of the diorite
schist and of the foliated and crumpled gneiss.

Biron’s Mil.—From the lower paper mill at Conants Rapids
to Biron’s paper mill, but few large exposures are to be found.
In the NW. 1 of See. 35, T. 23 N, R. 6 E,, is the northern limit
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of a long stretch of rock exposures in the river channel forming
the Grand Rapids of the Wisconsin. The city of Grand Rapids
is located near the lower end of the rapids and near the north-
ern end is the Biron paper mill. Immediately below the dam
at Biron’s mill the rock is well exposed, showing the presence of
at least three distinet formations, two of granite and one of
diorite, and numerous aplite and pegmatite veins cutting these
in various directions. The foliated gneiss was not noted at this
place. The oldest formation appears to be a schistose diorite,
or greenstone, the strike of its most prominent system of close
joints and cleavage being generally N. 70° E. with a less promi-
nent system trending N, 35° W. and thus running nearly at
right angles to the close joints. The older granite is fine grained
and somewhat schistose and shows much jointing and veining
and other effects of extreme pressure. The cleavage structure
of the schistose granite agrees closely with that of the green-
stone, the two formations apparently having been mashed to-
gether. The massive and younger granite is medium to coarse
grained and disintegrates readily. It clearly cuts across the
cleavage structure of both the mashed finer granite and green-
stone formations. The latter formations appear as large frag-
ments in the former, and numerous pegmatite veins run out
from the massive granite and permeate the schistose granite
and greenstone formations.

Grand Rapids.—In the rapids at Grand Rapids the oldest rock
is a gneiss, the main body of which consists of mashed granite
into which has been injected basic material in leaves parallél to
the schistosity. The gneiss is much crumpled and faulted, with
an average strike between N. 50° E. to nearly E. W. The dip
is variable, but is usually nearly vertical or to the SE.

The gneiss is especially abundant north of the wagon bridge.
In this portion of the rapids there is some massive granite, the
intruding masses of the latter being largely controlled in direc-
tion by the foliated character of the gneiss. In some places the
gneiss forms thin leaflets between broad areas of the massive
granite, while in other places the gneiss contains only a few films
of the intrusive. The belts of intruding granite therefore vary
in thickness from a score of feet across to paper-like leaflets.
At various places in the rapids are shown all proportions of the
two rocks.
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GENERALIZED SECTION OF PRE-CAMBRIAN AT GRAND RAPIDS.
A—Foliated gneiss, b—Greenstone schist, c—Granite schist, d—Olivine diabase, e—Granite.

2.

FIG.

The basic igneous rocks intrusive in
the gneiss are of two kinds, olivine dia-
base and diorite, or greenstone schist.
The greenstone schist is abundant in the
lower portion of the rapids and the
strike and dip of its schistosity is gen-
erally parallel to that of the foliated
gneiss. The olivine diabase forms a
large dike, twenty-five feet thick, with
numerous small branches, immediately
above the wagon bridge. The olivine
diabase is massive and cuts across the
schistosity of the gneiss.

In the southern part of the city
schistose granite intrusive in the gneiss
is quite abundant. The schistosity of
the granite is nearly parallel with the
average strike of the foliated and
crumpled gneiss. Immediately north of
the Chicago & Northwestern railroad
bridge there is considerable foliated
gneiss striking northeast and parallel to
the ‘river bank. In this vicinity there
are greeenstone dikes in the gneiss, both
seemringly having been mashed together.

At Grand Rapids, therefore, besides
the foliated gneiss there are at least four
distinet intrusive formations showing a

similarity - to the associated rocks at

Conants Rapids. Pegmatite veing are
abundant, a period of pegmatization ap-
parently following each of the granite
intrusions.

South Centralia—In South Centralia
1s a paper mill and dam located in the
SE. 1, of SW. 14 of Sec. 24, T. 22 N,
R. 5 E. Here the rock is granite and
greenstone, the granite predominating.
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On the west bank of the river where the Wisconsin Central rail-
road crosses over the mill raee to the island on which the mill is
located, there is a railroad eut showing a thickness of 10 to 12
feet of decomposed schist. This clay bank, the decomposed
product of gneiss and schist, is exposed for at least 100 feet
back from the river bank.

Port Edwards—Below the dam at the upper end of the
island north of the Port Edwards paper mill the rock is mainly
the much crumpled and foliated gneiss having a trend to the
northeast. The gneiss (6771) is cut by dikes of massive granite,
and about 100 yards south of the dam is a mass of intrusive
greenstone (6772) like that at the south end of the island near
the mill, and also like that forming a part of the foundation
of the mill.

At the foot of the rapids at Port Edwards, on the west side of
the river, is a rather coarse grained red granite schist, with a
strike N. 45° E. and dip 50° northwest. Immediately north
of this is an exposure of banded gneiss with a general strike
parallel to the granite schist. Throughout the rapids along the
west side of the river the prevailing rock appears to be the
foliated gmeiss with smaller portions of granite schist. The
general strike is N. 45° E., and dip nearly vertical, sometimes
dipping to the northwest and sometimes to the southeast. There
is a joint system parallel to the schistosity and banding, and also
a less perfect set normal to this direction. Quartz veins, peg-
matitic veins, aud granite dikes are also present.

. Nekoosa.—At Whitney’s Rapids at the village of Nekoosa

occurs the southernmost exposure of the cerystalline schists along
the Wisconsin river. The crystalline rock forms the river bed
with the Potsdam sandstone overlying it along the banks. The
rock forming the rapids at the southern end of the small island
is granite schist containing much biotite and chlorite. Ten
paces up the river is an exposure of fine grained greenstone
schist, the schistosity having a strike N. 50 E., and a nearly ver-
tical dip. Immediately north of the island is & predominance of
© the granite schist. The rock in the vicinity of Nekoosa is mainly
granite schist interspersed with some greenstone schist having a
strike generally ranging from 35 E. to N. 45 E. and high dips.
These are penetrated in numerous places by quartz and granite
veins. Besides the jointing parallel to the schistosity there is a
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set of joints much less prominent, striking nearly normal to the
schistosity. Lying between the hard crystalline schists and the
sandstone is a variable thickness of clay and partially decom-
posed schists which has developed through the alteration and
weathering of the erystalline rock.

Along the Yellow River.

The Yellow river, after flowing over numerous rapids in Wood
county consisting of several phases of massive granite and green-
stone, finally meets with the foliated and contorted gneiss at the
mouth of Rocky Run, a small stream which enters the Yellow in
the NE. 14 of Sec. 21, T. 23 N., R. 3 E. From this point south-
ward to the bridge of the Chicago, Milwaukee & St. Paul rail-
road at Dexterville where the most southerly outerop of pre-
Cambrian occurs, the prevailing rocks are the banded gneiss and
associated intrusions. The gneiss along the Yellow river is in
all respects like that along the Wisconsin river. The rocks as-
sociated with the gneiss are massive granite, generally massive
gyenite or diorite, massive and schistose greenstone and rhyolite.
At various places along the river each of these are shown to be
intrusive in the ecrumpled gneiss. A short distance south of the
junction of Rocky Run with the Yellow river the massive gran-
ite intrudes the gneiss. The greenstone is intruded in the gneiss
at the bend of the river near the south quarter post of Sec. 21,
T. 23 N., R. 3 E. A short distance below Pittsville is an oceur-
rence of quite massive rhyolite in the vicinity of ledges of the
foliated gmeiss. Near the center of Sec. 3, T. 22 N,, R. 3 E,, is
a dike of greenstone 6 or 8 feet thick in the gneiss extending
directly across the structure of the gneiss.

Near the center of the SE. 14 of See. 5, T. 22 N, R. 4 E,,
along the Hemlock creek, there are exposures of the banded
gneiss in contact with the intrusive granite and fine-grained
diorite. South of the latter point, along the Hemlock creek to
the sandstone district, the prevailing rock is the basal gneiss and
schist, while north of it the Hemlock creek and some of the
branches show almost continuous exposures of the massive gran-
ite and dioritic rocks.

The dip of the bands of gneiss is generally nearly vertical and
the strike is in a northwest direction quite generally along the
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Yellow river. At the Pittsville wagon bridge the strike is N.
50° W.; about a mile north of the bridge it is also N. 50° W.;
in the vicinity immediately north of the south quarter post of
Sec. 21 the strike is N. 75° W.; near center of Sec. 3, T. 22 N,,
R. 3 E., the strike of gneiss is N. 65° W.; near center of Sec.
10 the strike is N. 25° W,

Along the Black River.

Rocks of prevailing gneissic and schistose structure occur
along the Black river from the vicinity of Neillsville southward
beyond the borders of this area. North of Neillsville while some
banded gneiss oceurs, yet most of the rocks exposed appear to be
massive phases of granite, gabbro, and diabase, which in many
cases, if not in all cases, can be proven to be intrusive in the
goeiss and schists farther south. For these reasons, therefore,
the border of the basal group is provisionally placed just north
of the city of Neillsville.

Vicinity of Neillsville.—Along the Black river from the SW.
14 of Sec. 11, T. 24 N, R. 2'W,, to Cunningham creek and up
the O’Neill creek for several miles, are abundant exposures of the
foliated and banded gneiss, generally, though not always, hav-
ing a strike to the northwest. Exceptions to the northwest
strike were noted in the SW. 14 of Sec. 11, where strike is N.
80° E.; along wagon road near center of Sec. 15 where strike is
N. 80° E.; and along Cunningham creek just east of wagon
bridge near the west quarter post of Sec. 26 where the gneiss is
much crumpled and the average strike is N. 80° E. This banded
gneiss consists of alternating bands of acid and basic rock with
parallel veins of quartz and pegmatite and is in all respects like
that occurring along the Yellow and Wisconsin rivers. The
gneiss (6802) occurring just north of the wagon bridge west of
Neillsville may be considered an average type of this formation.
The rock consists of alternating bands of granite and diorite
rock. Under the microscope the diorite bands are seen to con-
sist of common green amphibole and some biotite, and the gran-
ite bands mainly of quartz and feldspar.

Granite schist formed by the mashing of common granite oe-
curs in the vicinity of Neillsville and is the prevailing rock ex-
posed along the Black river from the junetion of the O’Neill

3—G.
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creek to the railroad bridge. This granite schist is fine grained.
In the railroad cut the strike of the schistosity is northwest but
at the bend of the Black river north of the railroad bridge the
strike of the schistosity is N. 30° E. In the railroad cut 14 mile
west of the Neillsville depot the granite schist is well exposed.
This schist is a fine grained pinkish rock with good cleavage.
Under the microseope it is seen to consist of large crystals of
feldspar and quartz partly broken down through process of
granulation to a mass of small grains of microcline and quartz.
The small grains of mierocline and quartz have much the ap-
pearance of these minerals in some metamorphic sedimentaries,
but their association with large crystals of feldspar and quartz
indicated their origin in the mashing and granulation of granite.
Much of the feldspar is partially altered to chlorite. Biotite
and muscovite are also present. For some distance south of the
wagon bridge across the Black river in Sec. 15 the granite schist
forms steep rocky walls along the east bank of the river. About
two miles below the wagon bridge at the bend of the river in
the NW. 14 of See. 26, T. 24 N.,, R. 2 W., are numerous ex-
posures on the north slope of a hill of coarse granite schist hav-
ing the ‘‘eye structure’’ of the ‘‘Augen gneiss.”” This coarse
granite schist (6800) also forms steep walls along the river bank
immediately to the west. The eye structure of the schist is made
by the parallel arrangement of biotite and other minerals about
the feldspar cores of ‘‘eyes,’’ the feldspar not having succumbed
during the mashing to the granulation and breaking-down pro-
cess like the rest of the rock. The feldspar cores now stand out
as eyes around which the other minerals have assumed a flowage
or parallel arrangement. Under the microscope besides the
large crystals of feldspar are to be seen an abundance of small
grains of quartz, feldspar and epidote and some muscovite and
apatite.

Fine grained diorite occurs as an intrusive in the banded
gneiss at the wagon bridge west of Neillsville. This rock is
black, has a good cleavage and is rich in hornblende. Under
the microscope it is seen to consist of about 60 per cent of bluish
green amphibole, 25 per cent of plagioclase, 10 per cent of
quartz, and the remainder chlorite, apatite, epidote and magne-
tite.
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Massive granite, believed to be intrusive in the schistose
granite and banded gneiss, occurs along the south bank in the
bend of the river just north of the railroad crossing.

In the vicinity of Neillsville, therefore, there are at least
four distinet formations of igenous rock exposed,—the banded
gneiss, generally, though not always, striking to the northwest,
granite schist of both coarse and fine phases, diorite schist, and
massive granite,

South of Cummingham Creek.—The next abundant exposures
of crystalline rock noted along the Black river are those in the
vicinity of the mouth of Conlan creek in the SW. 14 of Seec. 28,
T. 24 N,, R. 2 W." North of this, however, along the west river
road in the NE. 14 of the NE. 14 of Sec. 33, a small ledge of
gneiss was noted on the west side of the road in a field. This
exposure consists of banded gneiss apparently made up of alter-
nating bands and seams of granite and mashed diorite (6809).
The diorite. (6809) is fine grained, and under the microscope it
is seen to be extremely fractured, the green amphibole, the
quartz, and feldspar being broken into fragments.

" Granite schist rich in mica was struck in bottom of a well on
the east side of the road between the road and river a short dis-
tance north of Conlan creek.

Fine grained diorite was found on the river bank immediately
north of Conlan creek.

At the wagon bridge crossing the river near the east quarter
post of Sec. 5, T. 23 N.,, R. 2 W., are exposures of greenstone
schist and granite on both sides of the river. On the west bank
of the river opposite the south end of the island in SE. 1/ of Sec.
5 is a ledge of granite. Similar granite also occurs along the
east river road about half a mile south of this.

Immediately south of the junction of Wedges creek and the
Black river on the wagon road is a ledge of fresh-looking mas-
sive granite (6812) of medium grain. Under the miscroscope
this granite (6812) is seen to consist of orthoelase, microcline,
and quartz with some biotite and muscovite. The thin seétion’
shows the effects of ‘some deformation of the massive granite,
but very slight compared with the mashing of the schistose for-
mations. This rock appears to be very similar to the intrusive
massive granites of the area. '
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About a mile south of the mouth of Wedges creek in the
southwest corner of Seq. 8, T. 23 N., R. 2 W, and just above the
wagon bridge the river flows through a gorge with precipitous
walls, the granite being the massive red variety, considerably
seamed and jointed, but not schistose.

‘Along the wagon road in the SE. 14 of Sec. 24, T. 23 N, R.
3 W, there are several exposures of granite and banded gmeiss.
In the NW. 1} of See. 25, T. 23 N, R. 3 W., about a mile to a
mile and a half north of the mouth of the east fork of the Black
river, for a distance of about half a mile, are exposed numerous
ledges of gray banded gneiss, and massive granite and diorite
schists. Near the -south end of these exposures on the west
bank is a ledge about 150 feet long and 25 feet high of the fine
to medium grained massive granite. At the north end near
the old dam, where French’s mill was formerly located, is simi-
lar massive gray granite (6814). Under the microscope this
granite is seen to censist of orthoclase and quartz and some
biotite and epidote. Most of the quartz shows mashed undula-
tory extinction and the orthoclase is somewhat altered to seri-
cite, epidote, and biotite. The banded gneiss at the old dam
strikes in general E. W. with an approximate vertical dip.
The diorite schist (6815) which is closely associated with the
banded gneiss is rich in green hornblende, most of which has a
distinet parallel arrangement. Fmmediately west of the ex-
posures in this vicinity on the west side of the wagon road is a
ridge of sandstone 30 to 40 feet high trending north and south,
which shows at several places the unconformable junction of the
sandstone and the crystallines.

IRVING’S CONCEPTION OF THE GNEISSES AND SCHISTS OF
CENTRAL WISCONSIN.

It was formerly believed by many geologists that the ordinary
banded gneisses and most schists of various parts of the world
were of sedimentary origin. Accepting this belief, Irving in
1875 and 1876 applied it to the gneisses and schists of central
‘Wisconsin. Henee in the description of the schistose and
banded rocks along the Wisconsin, Yellow and Black rivers in
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the former reports! of the Wisconsin Geological Survey, Irving?
constantly speaks of their bedding, and throughout considered
their lamination and schistosity as proof of their sedimentary
origin. Even several years later, in 1881, after the microscope
had been applied to the study of these rocks Irving?® believed that
only the granites and quartz porphyry of massive character and
those formations appearing as dikes and clearly intrusives were
of igneous origin. While at the present time rocks which are
properly called granite and quartz porphyries are necessarily
of igneous origin, Irving in a few instances applied these names
as well as that of gneiss, greenstone schist, hornblende schist,
ete., to formations which he believed to be of sedimentary origin.

These conceptions of Irving are pointed out here in order that
the reader may understand his writings concerning these forma-
tions and how his description of the geology of these rocks in
Vol. II, Geology of Wisconsin should be interpreted when com.-
" pared with the description of the same rocks in the present re-
.port.

‘While the strikes and dips of the so-called bedding and lamina-
tions of the schists and gneisses, taken and recorded by Irving,
are usually the strikes and dips of the same phenomena meas-
-ured by the writer as secondary cleavage and banding, yet the
structures in mind, in some cases at*least, were not the same.
In some instances Irving evidently discriminated between the
system of close joints, or fissility, and veining, and measured,
instead, alternating layers, or zones of coarse and fine rocks,
which he believed to denote stratification, but which is obviously
due to differences in the rate of cooling and crystallization of
the igneous magmas.

1(}eol. o‘f ‘Wisconsin, Vol. II, pp. 461-501,
21bid. p. 463.
3Geol. of Wis, Vol. TV, pp. T12-714.
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THE ORIENTATION OF THE SCHISTOSE AND BANDED STRUC-
TURES OF THE BASAL GROUP.

The general orientation of the cleavage and banded structure,
while apparently the same within small areas, cannot be said to
persist over large areas.

Along the Wisconsin river south of the great bend at the
lower end of the Conants rapids, the general strike of the cleav-
age and banding seems to be more often towards the northeast
than to the northwest and the dip is generally nearly vertical
though apparently as often in one direction as in another.
North of Conants Rapids the strike appears to be as often to the
northwest as to the northeast and the dip variable. Along the
Yellow river throughout the belt of gneiss there is a persistent
strike of cleavage and banding to the northwest with variable .
dips to the northeast and southwest. Along 'the Black river also
the strike is quite generally towards the northwest. )

‘While there seems to be a common direction for the secondary
structure to trend northwest along the Black and Yellow rivers,
no such persistency in strike seems to prevail along the Wiscon-
sin river. When it is considered that the strike and dip of the
secondary structure was observed of only a very small portion
of the area of the basal group as compared with the extent of
the belt as a whole, it will be seen that a general conclusion con-
cerning the orientation of the secondary cleavage and banding is
hardly justifiable. From our general knowledge of the distri-
bution of the rocks of the basal group in a belt extending east
and west we would expect to find the strike of the lamination
more often towards the east and west, that is, parallel to the
greatest length of the area, than in any other direction. On the
other hand, when it is considered that the basal group is pene-
trated throughout with later igneous rocks and especially with
great masses of granite, and that all the older rocks are but great
fragmentary masses in later intrusives, it should be expected
that more or less secondary or subsequent shifting of the strikes
and dips would take place, on account of the movement of the
intrusive magmas.
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ORIGIN OF THE BASAL GROUP.

The several formations constituting the basal group, described
above as gneiss, diorite or greenstone schist, quartz-syenite
gchist, and granite schist, are clearly of igneous origin, and have
assumed their present banded, laminated, and schistose charae-
ter through the effects of pressure and igneous intrusions. It is
possible, even probable, that sedimentary schists older than
some of the members of the basal group may occur in the ares
mainly occupied by the gneisses and schists, but none were ob-
served or recognized by the writer, although especially searched
for.

RELATION TO OTHER FORMATIONS.

As stated at the beginning of this chapter, the gneisses and
schists are believed to constitute a series older than the sedi-
mentaries and massive igneous rocks lying to the north over the
principal portion of the area. Since sedimentary rocks, how-
ever, were not found in contact with this belt it is not posi-
tively known that the group forms the floor upon which the
lower sedimentary series of the area rests. It is known only
that the igneous formations intrusive in the lower sedimentary
series are likewise intrusive in this basal group, a relation which
obviously proves only that the gneisses and schists as well as
the lower sedimentary group antedated the intrusives.

The prinecipal reasons for believing that the group of gneisses
and schists are older than the lower sedimentary series are:
1st. The gneisses and schists have been subjected to greater
pressure and chemical or contact metamorphism than the sedi-
mentaries. This extreme metamorphism appears to prevail over
each small portion of the entire area of the gneisses and schists,
producing throughout a fairly uniform mingling of the several
members of the group. While the lower sedimentaries and later
igneous intrusives constitute areas of considerable extent, two
or more members of the gneiss and schist group usually if not
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" always oceur indiseriminately mixed together in such small areas
as a fraction of an acre. 2d. The group of gneiss and schists con-
stitute the predominating rocks over a considerable belt and as
such can be mapped and separated.from other formations. This
‘belt varies in width from 5 to 20 miles, and extends in a NW.-
SE. direction across the area. North of the belt and also south
of it ocecur the less metamorphosed igneous rocks and the sedi-
mentaries, and hence the gneiss and schist appear to have the
~ position of an older arch, or anticlinal fold with the correspond-
ing syclinal troughs of younger rock both to the north and the
south of it.

As previously stated, the position of this basal group of the
area in the stratigraphy of the pre-Cambrian is not definitely
known. It seems very probable, however, as shown later, that
this group is older than the Lower Huronian and is near or at

' the base of the pre-Cambrian series of rocks.
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CHAPTER I11.
THE LOWER SEDIMENTARY SERIES.

. The Lower. Sedimentary Series consists of the following for-
mations: The Rib Hill quartzite, the Wausau graywacke, the
Hamburg slate, the Powers Bluff quartzite, the quartzite at Ru-
dolph, and the Junction City quartzite. The stratigraphic suc-
cession of these several formations is not known. They occur in
isolated areas separated and intruded by great masses of the
later igneous formations of granite-syenite, the diorite-gabbro,
and the rhyolite. '

THE RIB HILL QUARTZITE.

' The formation consists of coarse white quartzite and is given
the name of ‘‘Rib Hill Quartzite’’ because it has its best devel-
opment in the bold ridgy prominence of Rib Rill. It also forms
the adjoining hills of Upper and Lower Mosinee Hills and Hard-
wood Hill, all located within 5 to 10 miles of Wausau.

GENERAL DISTRIBUTION.

The Rib Hill Quartzite formation does not form a continuous
belt or area of great extent. The quartzite occurs in irregular
‘areas partly or wholly separated from one another. The larg-
est single exposure is that of Rib Hill, having an extent of four
or five square miles and covering the whole or parts of Sections
7,8,9,10, 15, 16, 17, and 18, T. 28 N., R. 7 E., and Section 12,
T. 28 N, R. 6 E. The upper Mosinee Hill and lower Mosinee
Hill, located one mile and two miles respectively south of the
east end of Rib Hill in Sections 22 and 27, T. 28 N.,, R. 7T E,,
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have an extent of one-fourth of a square mile each. The promi-
nent rounded elevation, known as Hardwood Hill, located about
three miles southwest of the west end of Rib Hill in the south-
west part of Section 23, T. 28 N., R. 6 E., and adjacent parts:
of the adjoining sections, consists of similar quartzite and has
an extent of about one-half of a square mile. The above four
hills, Rib Hill, Upper and Lower Mosinee Hills, and Hardwood
Hill, constitute the largest exposures of this formation in the
vicinity of Wausau.. A small ledge of the quartzite is located
at the south end of Little Rib Hill in the northeast corner of
Section 31, T. 29 N, R. 7T E. The quartzite also constitutes a
considerable portion of the southern and eastern parts of the
flat topped hill covering Sections 21, 22, 27 and 28, T. 29 N,,
R. 7 E. In these smaller exposures just mentioned the quartz-
-ite is often in contact with the quartz-syenite and is often per-
meated with an unusual amount of mineral from the intrusion
of the latter rock. Several small areas of a pinkish quartzite,
which may have been formed at the same time as the Rib Hill
quartzite, are located in the area of coarse granite in T. 27 N,
R. 6 E., as shown on the map, Plate 1.

TOPOGRAPHY.

Because of the very resistant character of the coarse quartz-
ite, its larger exposures have come to be the highest hills of the
region. To the casual observer these hills of quartzite appear to
have been pushed upward through the surrounding formations
until they now rest far above the general level of the latter.
In reality, the surrounding rock, principally a coarse syenite
and granite, which is easily disintegrable, has been worn away
more readily than the resistant coarse quartzite, and for this
reason the quartzite areas now remain projecting above the sur-
rounding less resistant formations.

Rib Hill is the largest of these prominences. It is an elon-
gated hill or ridge, slightly curved like a rib, and is about five
miles long and about two miles wide in its widest part. Its
central and thickest portion reaches an elevation of 1942 feet
above sea level, nearly 500 feet above the surrounding upland
area and about 750 feet above the broad alluvial valleys of the
Rib and Wisconsin rivers which are located at its base on its
northern and eastern sides. '
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Although the summit of Rib Hill presumably reaches a lower
elevation above sea level than numerous points farther north
about the headwaters of the Wisconsin river, yet Rib Hill very
probably extends to a higher elevation above its immediate sur-
roundings than any other prominence within the northern part
of the state and has the distinetion of being one of the larg-
est hills in Wisconsin. The lower portion of the hill is a gradual
upward slope while the upper portion possesses numerous per-
pendicular walls, and steep talus slopes, the latter being cov-
ered by an accumulation of large rectangular blocks of the white
quartzite. .

The Upper and Lower Mosinee Hills together have the form
of a dumb-bell. These hills, whose summits are about a mile
apart, are connected by a continuous stretch of quartzite al-
though separated from Rib Hill by a low area of granitic rock.
Upper Mosinee is the larger of the two and reaches an elevation
of 1596 feet above sea level and about 400 feet above the alluvial
plain of the Wisconsin river. Lower Mosinee has an elevation
of about 300 feet above the alluvial plain. Both these hills are
gently sloping on their western flanks, whereon are located sev-
eral farms, while their eastern sides adjacent to the river possess
steeper slopes and near their upper parts are covered with talus
of quartzite blocks.

Hardwood Hill is a dome-like hill whose summit reaches an
elevation of 1566 feet above the sea and about 200 feet above the
surface of the uplands of the vicinity and 400 feet above the
valleys within a mile or so of the hill. '

The general relation of these quartzite hills are monadnocks
extending above the ancient crystalline peneplain, represented by
the even summitted uplands of the region, is fully deseribed
in the general discussion of the physiographic features of the
distriet in a following chapter of this report.

PETROGRAPHICAL CHARACTER.

Macroscopical. The Rib Hill quartzite formation in its vari-
ous occurences, although variable in texture or size of grain,
is- remarkably pure, white, vitreous, and firmly cemented. It
varies some from a white to a pale pink color, due to iron stain.
‘While varying in texture within certain limits, it remains pure
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in composition throughout. It is very hard and brittle -and
breaks with a conchoidal fracture. The purer coarser phases
are well adapted to the various abrasive purposes to which the
crushed and powdered rock has been-applied. (See page 652.)

The quartzite varies from medium grained to very coarse
grained phases. The finest grained phases are usually as coarse
as the coarsest phase of the average Huronian quartzite, while
the coarse phases often approach vein quartz in their general
character. There are all gradations between the very coarse
and fine phases and they appear to give place to one another in
a very irregular manner.,

The coarse quartzite is quite abundant on Rib Hill and espe-
cially in the broadest and highest portion. Wherever there are
low places on Rib Hill there the finer grained rocks appear to
prevail. The earlier fractures in the quartzite are filled with
vein quartz which often contains small amounts of white mica
‘and geods of quartz crystals.

In one or two places the quartzite has disintegrated to some
depth and is very friable, like soft sandstone. This friable
quartzite, however, seems to have been formed entirely by the
weathering of the ordinary firmly cemented rock. No phases
of slate, greywacke, or feldspathiec quartzite are known to be as-
sociated with the Rib Hill quartzite in any of its occurrences
about Wausau. Nor has any conglomerate been found at the
base of this formation or interstratified with it at any place.

A peculiar contact phase of the quartzite, which is mainly an
intrusive breccia formed by the intrusion of one or more acid
igneous rocks into the quartzite, is quite abundantly associated
with the quartzite of Rib Hill and vicinity and will be only
briefly referred to here and more fully deseribed in connection
with the intrusive syenite. This contact phase consists of nu-
merous angular fragments of quartzite enclosed in a matrix of
granite and quartz syenite. Associated with the quartzite
fragments in places are abundant fragments of a black schist,
and more rarely fragments of different phases of rhyolite. The
fragments of quartzite in the contact rock are usually angular
and vary in size up to a foot in diameter. The larger frag-
ments are often broken and pulled apart normal to their longer
axes. The quartzite in the fragments, and also the massive
quartzite for a number of feet from the contact with the gran-
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ite or syenite, is impregnated with more or less feldspar and
also with g blue soda amphibole.

The intrusive breccia contact roek is well exposed on the west
side of Upper Moginee Hill, It is also shown in the vicinity of
a mile or so seuth of Rib Hill, also on Little Rib Hill, and about
the edge of the flat-topped hill immediately northwest of Wau-
sau, and in small quantity at all contacts of the quartz syenite
with the quartzite formation. The widespread occurrence of
. the intrusive breccia about the massive quartzite areas indicates
that the quartzite must have had a wider distribution at an early
date than it has at present.

Microscopical—The Rib Hill quartizite formation is composed

throughout of quartz erystals which generally vary from 3 to
8 and sometimes even 10 millimeters in diameter. The indi-
viduals of quartz are very irregular in form and their surfaces
possess numerous angular projeetions and re-entrants which
allow the quartz to dove-tail in a very complex manner. The
genéral appearance. of a thin section of the quartzite is pre-
sented in Plate VII whieh shows the angular grains interlock-
" ing firmly together, forming a compact, coherent mass after the -
manner of vein or granitie quartz.
- The purity of the quartzite is noteworthy as compared with
the general run of quartzite formations. It apparently gener--
ally contains about 99 per cent of silica. A chemical analysis
made by Prof. W. W. Daniells for the Wausau Quartz Com-
pany yielded as follows:

Analysis of Rib Hill quartzite.

0 2 99.07
R 52
T a7
L 1 N None
. = 2 None
H,O..... et e ee e et e eaet et et s e e anas 06

99.82

The sample analyzed was an average of the quartzite rock used
by the above company in the manufacture of its erushed quartz
product and is a fair representative of much the larger portion
of the rock of Rib Hill. There is probably a small amount of
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potassa in the rock, not searched for in the analysis, in eombina-
tion with the alumina to form the muscovite noted in small
flakes in much of the quartzite.

Besides the small flakes of muscovite often present there is at
times also some feldspar and magnetite. These are usually lo-
cated at the junction of the angular quartz or along the frac-.
tures within them. There are also present numerous minute
erystals entirely embedded within thé quartz.

The minute crystals ineluded within the quartz are mainly of
two kinds, long hair-like minerals and short stout ones. The
former appear as dark lines either straight or slightly curved
with their longer axes many times greater than their shorter
and are probably needles of rutile or apatite. The stout crys-
tals are brownish-yellow in color and their length is about twice
as great as their breadth. They appear to be slightly pleo- .
chroic and have nearly parallel extinction and appear to be a
variety of pyroxene or amphibole.

Besides the crystal inclusions in the grains of quartz there are
also numerous inclusions of gas and fluid. These minute gas
and fluid inclusions are usually arranged in lines and along ~
planes which sometimes appear to pass irregularly through the
quartz, and sometimes are arranged in parallel planes which
may be in aceord with the erystallographic constants of the
quartz. As-seen in cross section the lines of the inclusions often
appear to continue across from one crystal to another, whil® at
other times they clearly stop abruptly at the contact of the
grains. The inclusions are uniformly abundant throughout the
quartz, and no difference in number of inelusions near the cen-
ters or at the boundaries ecould be noted. v ‘

The general appearance and distribution of these fluid and
gas inelusions are similar in all respects to those occurring in
quartz in granite. The shapes of the inclusions are very variable.
Sometimes they have the form of perfeet dihexahedral crystals,
at other times a semi-crystal form, or are irregularly angular
or bay-shaped. The composition of the included fluid and gas
in the cavities in the quartz is not known, but as generally con-
sidered the fluid is usually water which carries in solution bub-
bles of vapor or various gases such as air, carbon dioxide, nitro-
gen, or a mixture of these gases. The mobility of the gas bub-
bles enclosed within many of the fluid inclusions may be readily
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noted under the highest power of the microscope. On the ap-
plication of a heated needle point to the vicinity of the bubbles
an increase in their movement was noted. The movement of the
bubbles in the interior of the quartz reminds one very forcibly
of such living organisms as ameba or diatoms moving in water.

Sometimes there are small angular grains of quartz between
the larger crystals, apparently due to the peripheral shattering
of the large quartzes, and there are also often numerous frac-
tures along the incipient rhombohedral cleavage of the quartz.
. Undulatory extinetion is also a common phenomena of the
quartz. Yet these evidences of dynamic metamorphism are not
a marked feature of the formation. It is usual that the ordin-
ary phases of the pre-Cambrian quartzite are composed of
rounded grains of quartz of somewhat uniform size, which show
enlargements filling the entire interspaces between the original
grains, so that the clastic grains of sand of the original deposit
~can readily be distinguished from the secondary interstitial
quartz. But no such phenomena of original grains with en-
largements can be .detected in the Rib Hill quartzite in any of
the numerous thin sections examined.

The granitic texture of the Rib Hill quartzite was previously
noted by Van Hise! as shown in the following description of two
specimens of ' this formation, as follows:

“Specimen. 927. Microscopic: Massive, translucent, glassy quartz
is the only mineral visible.
Microscopic: Almost pure quartz. Usually the
) grai’ns are of very large size, some of them reaching 7l4mm.
in greatest breadth, and interlocking after the manner of the
quartz of gneiss and granite. The only other minerals
present are a little oxide of iron, mostly magnetite, and a few
minute flakes of muscovite. As to cavities in this quartz,
they are as common as in the quartz of granite, and from the
position of the grains were evidently crystallized in place.

Specimen 936. Macroscopic: Like 927. Crystalline rock. The
only minerals distinguishable are shining flakes of mica and
grains of quartz.

' Microscopic: As in all the preceding quartzites
the grains of quartz fit perfectly along their irregular lines

_1Geol. of Wis., Vol. IV, p. 685.
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of junction. They are of about the same size as in 927 and
freer from other minerals and inclisions than either of the
preceding. Iron oxide appears to be the only impurity pres-
ent. In none of these rocks -is there any trace of a clastic
origin.”

. It was undoubtedly this granitie texture of the quartzite
which led Irving' to suggest its marked similiarity in internal
and external structure to a large formation of vein quartz. The
quartzite, however, shows cross stratification in places, and also
well preserved ripple marks (Plates V and VI) and is clearly a
metamorphosed sandstone. Although the microseopie texture of
the quartzite is like that of an igneous rock or of vein quartz,
the texture of the quartzite as seen in hand specimens is essen-
tially different from vein quartz. While the quartzite always
breaks with a conchoidal fracture, the rock throughout retains
a distinet granular or saccharoidal texture not usual in vein
quartz. - ’ , :

In respect, therefore, to the granitic erystalline texture of the
quartzite and the entire absence of evidence of clastic origin in
thin sections, this quartzite appears to be unique, and to differ,
as a formation, from the usual quartzite formations of the Lake
Superior region. This difference in erystalline texture is un-
doubtedly due, as above stated, to the extreme metamorphism
to which the rock has been subjected, for there can be no doubt
that the formation was originally a sandstone with from 25 to
35 per cent of pore space, and that these interspaces were filled,
a8 in all quartzite, by the deposition of interstitial quartz.

The metamorphism of this sandstone, however, did not stop
with the completion of the process of consolidation and cementa-
tion. A further process of metamorphism, that of the complete
recrystallization of the original and the interstitial quartz, was
brought about. This recrystallization process is similar to that
necessary to the development of marble from ordinary limestone.
The most favorable condition for the recrystallization of marble
is by the intrusion of igneous rocks with the production of the
necessary metamorphosing agents, heat and warm solutions.
That recrystallization occurs under these conditions is known,
not only from observations at numerous marble localities, but

1Geol. of Wis. Vol. IV, p. 669.
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Prare V. R HiLL QUARTZITE SHOWING BEDDING PLANES.
Quarry of the Waysau Sandpaper Co., near the northeast end
of Rib Hill. The joint planes dipping downward to the right
very probably represent the bedding of the quartzite formation.
Fracture planes extend in all directions throughout the forma-
tion. :

Prare VI. RippLe Marks IN THE RIiB HiL QuarrziTe.
Natural size. Although the quartzite is wholly recrystallized
by metamorphic processes yet the structure of the ridging of

_the sand by the waves of the pre-Cambrian sea is completely
preserved.

Prate VII. MicrosecTioNs oF THE RiB HILL QUARTZITE.
Section 4302. With analyzer, x25. Figures 1 and 2 illustrate
the same features, namely the close-fitting interlocking structure
of the quartz grains without any interstitial material. The
boundary lines of the rounded clastic grains of the original
sandstone have been obliterated and by the addition of new
quartz and by recrystallization a solid mass of interlocking
quartz is formed like vein quartz. The recrystallization is due

. to metamorphism by igneous contact.

(50)
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by the action of similar processes upon marble in the laboratory.
The recrystallization of quartzite, however, probably requires
much more work than that of marble. The reason for this be-
lief is the fact that marble formations of considerable size are
quite numerous, whereas formations of quartzite that have been
wholly reerystallized are very rare.

The internal evidénce of the recrystallization of the quartzite,
such as the intricate interlocking association of the quartz erys-
tals, like that of the quartz in granite or quartz veins, and the
uniform distribution of the lines of fluid and gas inclusions
throughout entire erystals, as well as extending from one crystal
to another, is much strengthened by abundant external evidence
of widespread igneous intrusions in the quartzite, which eould
produce the conditions for reerystallizing the quartzite. Simi-
lar lines of fluid inclusions in quartz grains have been described
by Van Hise' in the quartzite of the Black Hills as due to oc-
cluded fluids induced by secondary ecrystallization. Wherever
the massive and widespread granite and syenite formation comes
in contact with the quartzite, numerous fragments of the latter
rock are enclosed within it, forming considerable belts of bree-
ciated quartzite about the Iarge areas of quartzite. - And not
only has the granite-syenite formation intruded the quartzite,
but also one or more earlier igneous formations have penetrated
it in a complex manner, producing belts and areas of brecciated
rock of even greater extent, in a few places, than the granite-
gyenite intrusion. There seems, therefore, to be sufficient evi-
dence of intrusive phenomena connected with the quartzite to
explain the unusual metamorphism and recrystallization of the
latter.

The metamorphic effect of igneous intrusions upon sandstones
and quartzites has been observed®? in many other localities.
~ The homogeneous quartzite resulting from the complete meta-
morphism of a pure quartose rock by igneous contact is not
difficult to distinguish from a quartzite formed by the deposi-
tion of interstitial quartz through the ordinary processes of ce-
mentation and consolidation. As the intruded quartzite ae-
quires the heat of the intruding igneous mass and the tempera-

1Bull. Geol. Soc. Am., Vol. I (1830), p. 218.
2Harker: Petrology for Students, p. 286, 1857.
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ture becomes sufficiently high, the whole will be recrystallized
into a quartz mosaic with a complete obliteration of all traces of
the original clastic character. In such a metamorphosed quartz-
ose rock, there is no distinetion of original grains and eementing
material, nor of secondary growths upon original nuclei, but
each individual of the quartz mosaie is clear and homogeneous
with penetrating boundaries fitting into the inequalities of
those adjacent. But in such metamorphosed formations the re-
crystallization is usually only of loeal occurrence. The Rib Hill
quartzite differs from these formations in being completely re-
crystallized throughout instead of only in.paQrt or locally.

STRUCTURE AND THICKNESS.

But very little can be said concerning the folding and the
position of the bedding of the Rib Hill quartzite, The reason
for this is obviously due to the extremely metamorphosed char-
acter of the formation and the movement of the surrounding
masses of intrusive igneous rocks.

In a number of places on Rib Hill the eross-bedding of the
quartzite can be made out in the finer grained phases of the
rock, and in a few places beautiful ripple marks have been dis-
covered (Plate VI). In one locality a distinet southwest dip of
the bedding is to be noted (Plate V). These evidences of
sedimentation, however, are the exception and nowhere is there
evidence of continuous joints along bedding planes or the con-
tinuous alternation of coarse and finer grained sediment that
would furnish means for the measurement of the dip and strike
of the beds over any considerable area, as is usually the case
with the ordinary phases of the finer grained pre-Cambrian
quartzites. ' . :

A certain streaky character of the quartzite prevails through-
out Rib Hill and the Mosinee Hills. This streaky character is
due to lamination and lines of easy parting which . have in
general a nearly vertical dip and a strike parallel to the long
axis of the quartzite areas. Upon Rib Hill, therefore, these lines
extend east and west, while in the quartzite of the Mosinee Hills
they run nearly north and south. The streaky character is
very probably secondary and is due to the numerous planes of
easy parting made by dynamic forces at the time of the general
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folding of the quartzite beds with the other rocks of the region.
The folding .of the Rib Hill quartzite in its various exposures
therefore could not be made out, although it is believed that the
original sandstone beds must have been subjected to various oro-
genic movements sufficient to fold the rock in a very complex
manner. No persistent sets of jointing were noted in the
quartzite of Rib Hill or the other areas. Numerous irregular
jointings and fracturings, however, are everywhere present.

It is impossible to give any accurate estimate of the thickness
of the Rib Hill quartzite because the position of the bedding
could not be determined. Only an intelligent guess based upon
" the present distribution of the rock and its extent can be made.
If a continuous line be drawn about the quartzite of Hardwood
Hill, Rib Hill and the Mosinee Hills, it"will be seen to enclose
an area which may be compared to a crescent, convex towards
the north. The thick portion of the crescent is the broadest
part of Rib Hill and the two ends of the crescent are Hardwood
Hill and the Mosinee Hills. If the quartzite was surrounded by
the rock floor upon which it was deposited, then this crescenti-
form area might well represent a curving complex fold with
its greatest breadth about one and one-half miles across at the
broad part of Rib Hill. If the folding was simple, then the
thickness of the formation would be at most not more than one-
half the breadth of the thickest part of the crescent, namely
4,000 feet. Since rock formations which show as much meta-
morphism as this quartzite are quite usually folded in a com-
plex manner and not into simple folds, it may readily be as-
sumed that the original thickness of the formation was very
much less than one-half its greatest superficial breadth or much
less than 4,000 feet. Although the quartzite is not now in con-
tact, so far as known, with its original rock floor, it may rea-
sonably be assumed that it was complexly folded, as above in-
dicated, before it was intruded by the various igneous rocks
now surrounding it. The vast quantity of quartzite fragments
in the intrusives indicates a greater original distribution of this
formation than it now possesses. In view of the probable com-
plex folding of the quartzite and the wide distribution of-
quartzite fragments in the surrounding intrusives, it is believed
that a fair estimate of the thickness of the Rib Hill quartzite
formation is somewhere between 1,000 and 4,000 feet.
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RELATIONS TO ADJACENT FORMATIONS,

With the exception of a single locality of sedimentary rock,

_the quartzite appears to be entirely surrounded by igneous for-

mations. The oldest of these igneous rocks is apparently the
unusually metamorphosed syenite fully deseribed on following
pages of this report. This peculiar metamorphosed rock oceurs
in abundance on Little Rib Hill and in the flat topped hill north-
west of -Wausau. At these localities the metamorphic rock is
readily shown to be of later origin than the quartzite, for nu-
merous angular fragments of the latter are widely distributed
through the former. These quartzite fragments vary in size
from a fraction of an inch to several inches in diameter and are
usually flattened parallel to the cleavage plane of the intruding
rock, and are.distributed for long distances from the ledges of
massive quartzite.

The other members of the granite syenite series of rocks also
intrude the quartzite. Especially is this true of the quartz-
syenite which occupies all the low intervening land between the

- quartzite hills about Wausau.  Examples of quartzite frag-

ments in this quartz-syenite may be found at numerous places

- about Rib Hill and the Mosinee Hill. The quartz syenite is also

an abundant intrusive in the older metamorphie syenite on Lit-
tle Rib Hill which intruded this quartzite at a much earlier
date. Massive granite is intrusive in the quartzite on the west
side of Upper Mosinee Hill at the southeast end and on the
northwest end of Rib Hill. Although the nepheline syenite was
not found intruding the quartzite, yet the nepheline syenite
undoubtedly intrudes the early syenite formations which con-
tain numerous fragments of the quartzite. The amphibole gran-
ite formation, a member intermediate in composition between
the granite and quartz syenite, surrounds and intrudes the
quartz1te of Hardwood Ridge.

A single ledge of diorite occurs on Rib Hill near the south-
east corner of the NW. 14 SW. 14 of Sec. 15, T. 28 N,, R. T E,,
which apparently represents a dike intruding the quartzite.

An oceurrence of sedimentary rock is in contact with the
quartzite on the east end of Rib Hill in the southeast 14 NW. 1
of See. 15, T. 29, R. 7 E., at the test pit made a few years ago
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by Mr. P. St. Austin. This sedimentary rock is mainly con-
glomerate and contains pebbles of quartzite and rounded grains
of coarse quartz and microperthitic feldspar. It appears to be
made up of the detritus from the-syenite and the coarse quartz-
ite formation and is therefore considered to be a formation of
a much later date than this quartzite. It is probably contem-
poraneous with the Marshall Hill conglomerate a few miles north
of Wausau. )

WAUSAU GRAYWACKE.

Under this name is included the feldspathic quartzite and
graywackes occurring in the vieinity of Wausau.

DISTRIBUTION AND EXPOSURES.

The rocks of this formation occur in isolated masses within a
few miles northeast and northwest of Wausau. Exposures of
this formation on the east side of the Wisconsin river occur in
the western part of See. 19, T. 29, R. 8, and in the adjoining
eastern part of Sec. 24, T. 29, R. 7. Four miles northwest of
Wausau in the SW. 1 of the SW.14 of Sec. 9, T. 29, R. 7, and
vicinity, are several exposures of sedimentary rock placed with
this formation. This rock formation is not an extensive one and
is not an important one so far as area is concerned, but the dis-
covered relations of this formation to the associated rocks are of
much interest and importance, and hence it is here described in
some detail.

TOPOGRAPHY.

There is nothing distinctive in the topographic features of
the few exposures of rocks referred to this formation. The for-
mation crops out on the sides and summits of the low hills on
the east side of the river in Sec. 24, T. 29, R. 7. In the western
part of Sec. 9, T. 29, R. 7, the formation forms a few low ex-
posures along the creek of that vicinity
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PETROGRAPHICAL CHARACTER.

This formation consists of a variety of fine grained to medium
grained rocks, mainly belonging to phases of argillaceous quartz-
ite or graywacke. The rocks of this formation in places have
been much fractured and breeciated, and in other places the in-
trusion of masses of igneous rock have more or less obscured
their original textures.

Macroscopical.—The rocks of this formation, as already stated,
occur in small patches in two areas, the one being immediately
adjacent and northeast of Wausau and the other area several
miles northwest of Wausau.

In the area northeast of Wausau the fine gra,med graywacke is
found in small out-crops protruding through an overlying, pre-
Cambrian conglomerate formeation, and also as fragments in the
intrusive rhyolite of the vieinity. The various phases of the
Wausan formation in this viecinity, therefore, are found mainly
as fragamentary areas surrounded by the associated younger
rocks, and the isolated small ledges of this formation distributed
over a considerable area indicates the probable ocecurrence of
this formation in considerable quantity in the region, and now
hidden by the younger and overlying rocks.

Near the center of the NW. 14 of Sec. 19, T. 29, R. 8 E,, on_
the northwest slope of the upland, is a small exposure, about 10
or 12 feet square, of a fine grained greenish shale or graywacke
having a dip about 80° N'W. and strike N. 65° E. The rock at
this place (6718) has prominent lines of stratification, and is
somewhat fractured, and veined, but gives no evidence of the
extreme metamorphism to be found prevailing throughout the
Rib Hill quartzite of Rib Hill, or in the numerous fragments of
the quartzite oceurring in the quartz-syenite about two miles
immediately west. The overlying conglomerate of the Upper
Sedimentary series is exposed within a few feet of this smalt
ledge and it contains numerous fragments of this formation.

The above small ledge is the only one found in this vicinity,
and attention is now called to the various fragments of this for-
mation found in the assoeiated younger rocks, in both the con-
glomerate and the intrusive rhyolite of the vicinity.

In the various exposures of the conglomerate in the vicinity
of the NW. 14 of Sec. 19, T. 29, R. 8 E., the prevailing pebbles
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to be found are phases of a greenish fine quartz shale, or novacu-
lite-like rock, and of phases of slatey rocks, also generally fine
grained and showing clearly the lines of bedding. Fragments
of fine grained white quartz rock were also noted which are in
marked contrast with the coarse white quartzite of Rib Hill.
In the rhyolite outerops located in the SE. 14 and in the NE.
14 of Sec. 24, T. 29, R. 7 E., are numerous fragments of fine
grained greenish quartzite or shale

About five miles northwest of Wausau, in Sec. 9, T. 29, R.
7 E, as shown on the map (PlL IV) are numerous low ex-
posures of fine chert or graywacke. These rocks are generally
very much fractured, and in such cases the bedding is generally
obliterated. In places the stratification can be readily dis-
tinguished, the formation being composed of alternating coarse
and fine sediment. The exposures of this rock on the east side
of the creek near the center of Sec. 9 are very much fractured,
the rock having an appearance similar to the finely fractured
greenstone. Near the west quarter post of See. 9 the rocks of
this formation consist of alternating coarse and fine sediment,
the bedding being clearly much folded and crumpled. = The
medium grained beds contain numerous crystals of small feld-
spar, readily seen on the weathered surface of the rock, which
vary in size up to two or three millimeters in diameter.

In the SE. 14 of Sec. 8, numerous blocks of the country rock
have been picked up and thrown into large heaps and used in
the construction of stone fences. This loose rock shown in the
stone fence along the road along a portion of the south side of
the southeast quarter of Sec. 8 is mainly composed of a very
fine grained grayish qudrtzite (6633), many fragments of which
are rich in caleite or dolomite. No outerops of this rock were
found but sinece glacial drift is entirely wanting in this vieinity
it is believed the prevailing rocks in these stone fences and
rock heaps indicate the parent ledges immediately below the
goil in this vieinity. In this vicinity also were noted two or
three angular blocks of rock consisting of pinkish fine grained
quartzite or chert (6631) containing seams of iron ore about one
inch thick.

The various phases of rock classed with this formation which
are found in situ and which occur as fragments in the associated
younger, intrusive and conglomerate immediately adjoining
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the parent ledges, and as loose angular field rocks in the area of
this formation, all indicate a once considerable distribution of
this formation in the region northeast and northwest of Wausau.
The most abundant rocks of the formaton appear to be fine
grained graywacke, greenish quartz shale, grayish chert, and
quartzite grading into caleareous chert. The original sediment,
therefore, appears to have been mainly siliceous silts and mud-
stone. :

Microscopical.—Since the various rocks of this formation oc-
cur in isolated patches in place or as fragments or pebbles in the
associated younger rocks, it seems advisable to describe the
microseopic appearance of the various phases of rock separately,
though it should be understood that all gradations exist between
such phases, a fact which could be readily shown if the exposures
of this formation were sufficiently abundant.

Graywacke. The rocks rich in feldspar here referred to as
graywacke occur in greatest abundance in Sec. 9, T. 29, R. 7 E.
In this section these rocks are seen to be mainly composed of
feldspar, quartz, chlorite and sericite, with sometimes a variable
but small quantity of calcite and magnetite. In places this rock
consists of coarse and fine layers, which layers are approximately
an inch or so in thickness. The coarser layers of the rock con-
sist of abundant crystals of feldspar from one to three milli-
meters in diameter in a ecement, or matrix, of fine quartz, chlorite,
and sericite; while the finer layers consist of the fine quartz,
chlorite and sericite like the matrix in the coarser layers. The
fractured phases of the fine grained graywacke in Sec. 9, like
6743, consist of angular quartz and altered feldspar, the second-
ary minerals being mainly chlorite. The fracturing noted in the
hand speecimens is clearly shown in the thin sections, though the
seams and the ruptures are seen to be firmly cemented by the
chlorite.

Fine quaniz shale—A phase of this formation which appears
abundantly in fragments in the younger rocks in Sec. 19, T. 29,
R. 8 E., is a very fine grained greenish siliceous rock, suggesting
chert, but whose original form seems to have been a fine quartz-
ose silt of fragmental origin like the graywackes with which it
is associated. In thin sections these fine grained hard greenish
rocks are seen to be mainly composed of very fine quartz with
some feldspar and numerous fine flakes of chlorite and sericite.
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Grayish quartzite. The prevailing rocks forming the numer-
ous field rocks in the southeast quarter of Sec. 8, T. 29, R. 7 E,,
appear to be a phase of quartzite and calcaleous chert. The
quartzite in thin sections is seen to consist of numerous grains.
of quartz of small and medium size, but mainly of small size, a
considerable but subordinate amount of chlorite and sericite,
some small scattered grains of magnetite, and very little if any
feldspar. The quartz rock enclosed in the rhyolite in the south- .
east corner of the SW. 1/ of the SW. 14 of Sec. 30, T. 29, R. 8
E,, is seen under the microscope to consist almost wholly of
granular quartz. '

Chert.—With the above described quartzite are to be found
phases of calcareous chert, which under the mieroscope are seen
to consist of fine chaleedonic quartz and caleite or dolomite.
This phase of rock is not abundant but its occurrence indicates
that it is present, at least in small quantity, as a part of this
formation, and as closely allied to the quartzite and quartz shale.

Slate.—No phases of slate with well developed slatey cleavage
were found in situ in the area of this formation, but fragments
of fine slates were noted in the overlying conglomerate cf -the
vicinity. These slate fragments consist of fine quartz, feidspar,
sericite and chlorite.

RELATIONS TO ADJACENT FORMATIONS.

The relation of the Wausau graywacke and quartzose shales
to some of the adjacent formations has already been pointed out.
It has also been pointed out that the prineipal reason for des-
cribing these various rocks under one formation is because clear
cut relations are shown between these sediments and the as-
" sociated rocks of the area. It is likely that this formation is con-
formable with and is a part of the Hamburg slate for:
mation to the northwest and with the Rib Hill quartzite to the
southwest.

In contact with some of the exposures of this formation, both
in the vicinity of its occurrence northeast of Wausau in See. 19,
T. 29, R. 8 E,, and also northwest of Wausau in Sec. 9, T. 29,
R. 7 E, is a conglomerate formation made up of pebbles and
detritus of this formation. In the occurrence northeast of Wau-
sau this conglomerate also contains numerous pebbles and frag-
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ments of the rhyolite, which, as already stated, encloses frag-
ments of and intrudes the Wausan formation. It is evident,
“therefore, that the rhyolite first intruded the Wausau formation
and at -a later period the conglomeratc made up of the detritus

of these formations was deposited upon both of them.

It will be shown in a later chapter of this report that of the
great masses of igneous rocks of the area, the rhyolite formation,
- _ the granite-syenite formation, and the various basic roecks in-
eluded in the diorite-gabbro formation, the rhyolite is the oldest

of the three, as shown by the contact relations wherever these -
rocks are exposed together. This being the case, it will at once
be seen that the Wausau graywacke and shale formation is,
therefore, older than the great masses of granite and syenite
and of the greenstones of the area. Direct evidence upon this
point is furnished by the exposures of various rocks on the west
bank of the Wisconsin river opposite the water works pumping
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Fi1e@ 3. Section of the pre Cambrian at Wausau. a, Fragment of quartzite.
b, Quartz-syenite. ¢, Greywacke. d, Greenstone schist. e, Rhyolite. f,
Conglomerate. g, Diorite.

station in the northern part of Wausan. At this place the rocks
form a nearly vertical wall extending for two or three hundred
feet along the river. The prevailing rock is the rhyolite forma-
tion intrusive in a considerable mass of indistinctly stratified -
and much crumpled fine grained graywacke or shale occurring
near the south end of the exposure. Cutting across both the
rhyolite and the sedimentary formation is a vertical dike of
schistose greenstone and cutting across all the above formations
are several small dikes or veins of medium to coarse granite or
pegmatite, apparently apophyses of the intrusive quartz-syenite
abundanty exposed in the rapids at Wausau. (See Fig. 3.)

The grayish quartzite rock, occuring on the southeast slope of
the hill along the road a short distance southwest of the Mara-
thon county jail, is undoubtedly a large fragment caught up in
the rhyolite magma.
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Like the Rib Hill quartzite and the: Flamburg slate formation,
the Wausan formation, therefore, appears to be wholly sur-
rounded by younger rocks, being overlaid by later conglcmerate,
and intruded by the various igneous rocks occurring abundantly
in the area, and eclosely associated with it. This being the case, it
will at once be apparent that this sedimentary formation is sep-
arafed from the conglomerate overlying it by a very long period,
a period long enough fer the successive intrusions of vastly dif-
ferent varieties of rock, such as the rhyolite formation, the green-
stone formation, and lastly the granite-syenite formation with
its complex varieties. It is very evident also that during this
long period, this formation with the later igneous intrusions were
complexly folded and raised into mountainous areas and deeply
eroded before the overlying conglomerate was deposited, for de-
tritus of the deep seated plutonic igneous rocks, as well as of the
surface volcanics, constitute the rock floor of the overlying con-
glomerate of the upper sedimentary series.

THICKNESS.

The thickness of this formation can only be roughly estimated.
The rocks of this formation range from what was originally
sandstone, mudstone, and silt, to apparent limestone phases of
rock, and thus it would seem reasonable to believe that the for-
mation may have been one of considerable thickness.

THE HAMBURG SLATE.

Under this name is included the slate formation having a con-
siderable distribution'in the townships of Berlin and Hamburg,
Marathon county. The predominating rocks of the formation are
slate and shale, although graywacke and its schistose phases are
also quite abundant. '

,

DISTRIBUTION.

The area of this formation constitutes an irregular belt ex-
tending from the vicinity of Merrill, in southern Lincoln county,
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southwestward to the vicinity of Athens in northwestern Mara-
thon county. This formation does not form a continuous belt
throughout the area named, but, as shown by the map, PL I is
discontinuous, there being isolated small areas at each end of the
main central portion, namely at Merrill and Athens. Beginning
about 6 miles southwest of Merrill in Sec. 30, T. 31 N,, R. 6 E,,
the belt is continuous as far west as the central portion of Town-
ship 30, R. 4 E., with the probable exception of a break by in-
trusive diorite in Seecs. 20 and 21, T. 30 N, R. 6 E. The north-
east end of the belt, north of this diorite has a width of one and
a half to two miles. West of the diorite it rapidly spreads out
to a width of 5 or 6 miles in the vicinity of the Big Rib river
in the western part of the town of Hamburg. In this western
broader portion are numercus exposures and small areas of
igneous rocks such as granite and diorite, some of which, if not
all, are of intrusive character. Outside of the portions of the
belt mapped as continuous are seme small areas of graywacke
schist and slate at the bend of the Wiseonsin river about a mile
south of Merrill and also about a mile farther east at the south
quarter post of See. 8, T. 31 N,, R. 7 E. In the vicinity of
Athens at the west end of the belt are several exposures of slate,
as indicated upcn the map, Plate VIII.

On account of the softness of the slate formation and the de-
velopment of soil as well as the drift covering of the area, but
few natural exposures were found even in the belt mapped as a
continuous formation. Most of the exposures found were along
the Rib river and the other streams of the area. While natural
exposures are not very abundant, a great deal of slate formation
was noted in artificial exposures. In faet, the principal data
for outlining the area of the formation was the information
gathered concerning the rocks in the farmers’ wells, a few test
pits, and the rock exposed in ditches along the highways.

TOPOGRAPHY.

The slate formation appears to furnish nothing distinctive to
the topographical features of the area. In general the land oe-
cupied by the slate appears to' be neither higher nor lower than
that of the adjoining rock formations. This indifference of the
topographic forms to the character of the rock formations is
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probably due to the comparative recency of the process of dis-
secting the ancient peneplain of the pre-Cambrian, which is fully
deseribed in a later chapter of this memoir. The stream valleys
are yet in their youthful state and their history has also un-
doubtedly been greatly modified by factors due to the glaciation
of the area. As time goes on and the topography changes from
youth to maturity the softer rocks like the slates will undoubt-
edly form the lowest portions of the land. At the present time,
however, the valleys appear to lie indiseriminately across the
formations. Now and then there may be exceptions to this
such as the development of small side valleys in the slate, but
the larger streams like the Rib river have only narrow V-shaped
valleys lying across the alternating formations of thée area.

KINDS OF ROCK.

The slate formation as a whole consists of a variety of argil-
laceous rocks. The rocks vary from coarse grained graywacke
through fine grained graywacke to very fine grained shales.
Through mashing and other processes of metamorphism the gray-
wackes have in places been changed to graywacke schists, certain
phases being rich in mica, staurolite, cordierite, garnet and tour-
maline. Through the mashing of the fine grained shales the
fissile slates have been developed. There are also phases of fer-
ruginous quartzite and of jaspilite. The shales and slates occur
in greatest abundance. In describing these rocks the coarger
grained are described first and then the shales and slates.

GRAYWACOKE,

Macroscopic—The graywacke is quite generally medium
grained and massive. As its name implies, it is a gray rock,
very often hard and brittle like quartzite, and is generally com-
pact and coherent, like the latter. Typical graywacke (5855)
was encountered in a well in the NW. 14 NW. 1/ of Sec. 16, T.
30, R. 6 E,, in a well (5442) in the southeast corner of Sec. 28,
T. 30, R. 5 E, and in several wells (5444 and 5445) in the
vicinity of the southeast corner of Seec. 21, T. 30, R. 5'E. Gray-
wacke appears to be quite widely distributed throughout the
area of the slate formation. It consists of rounded and angular
grains of quartz and feldspar set in a fine grained matrix.
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Sometimes rounded fragments of igneous rock and of vein quartz
oceur in the coarser phases of the graywacke. This rock was
originally & sandstone or grit, and through processes of com-
solidation and cementation it has been changed to graywacke.
The finer grained graywackes grade insensibly into shale. The
graywacke, a8 noted in the field exposures, is often jointed and
fractured. At places it is mashed into schistose rock. Usually,
but not always, the bedding planes can readily be seen and in
such cases much folding and erumpling of the strata is to be
noted. ' 4

Microscopic.—The graywacke is composed largely of rounded
and angular grains of quartz and feldspar, united by a cement
or matrix consisting of finer grains of quartz and feldspar, flakey
crystals of biotite, muscovite, sericite, kaolin, chlorite, and am-
phibole, and granular erystals of caleite and sometimes magne-
tite. The graywacke is quite variable in composition and text-
ure and is similar in most respects to the Marshall Hill gray-
wacke. Besides the larger clastic grains of quartz and feldspar
in the matrix there may be present small fragments, more or less
rounded, of igneous or other crystalline rock. As the proportion
of rock fragments becomes larger, the rock approaches a fine or
coarse conglomerate. As the proportion of the fine interstitial
material increases and the number of larger fragmental grains’
decrease the rock approaches the character of shale. The pro-
portion of the clastic quartz and feldspar is variable but in gen-
eral the feldspar appears to predominate.

Much of the matrix material was deposited with the larger
fragmental grains at the time of the original deposition of the
sediment, and much of it also was deposited in the pore spaces,
through the action of underground waters bearing mineral mat-
ter in solution, long after the original deposition of the rock as
an arkose or grit. The minerals calcite and magnetite or hema-
tite, which abound in the matrix are probably largely secondarily
~ formed through deposition by underground waters. The flakey
minerals such as the mica, clilorite and amphibole have a parallet
orientation and were developed from material at hand, and from
that brought in solution when the rock was heated and under
pressure. In addition to these changes in the original matrix
of the graywacke the spaces between the original grains also be-
came filled by the deposition of siliceous and feldspathic growths
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in erystal continuity with the original quartz and feldspar, as
enlargements of the original clastic grains. This phenomena of
original clastic cores and ‘secondary enlargements is well shown
in many of the thin sections of the graywacke. The original
clastic grains are generally rounded and in ordinary light a thin
film of dark material is generally seen separating the original
nucleus from the outgrowth. Between the cross nicols the
rounded grains and the outgrowths extinguish simultaneously
and prove their crystal continuity. By the depesition of sec-
ondary minerals in the interstices, and the enlargement of the
large clastic grains, the original porous arkose becomes a typical
coherent graywacke. ’

In many of the thin sections of the graywacke, especially of
the schistose phases, the effects of great mechanical foreces upon
the rock is shown. A common effect of pressure upon the gray-
wacke is the production of strain shadows or wavy extinetion in

- the quartz. The clastic grains often show this phenomenon re-
markably well and sometimes when the stresses are great even. |
the smallest grains of quartz reveal strain shadows. The flakey
. minerals such as the mica and chlorite often show a bending of
their crystals about the clastic grains of quartz and feldspar.
When  the pressure upon the rocks exceeds their crushing
strength the larger clastic grains become fractured, and differ-
ential movements take place between the fractured parts and
also between the smaller crystals of the matrix. The larger crys-
tals of quartz and feldspar begin to granulate and fracture about
their borders and finally become wholly crushed and reecrystal-
lized into a fine mosaic of new minerals. Aided by the heated
waters bearing  minerals in solution there develops from the
quartz a simple aggregate of numerous secondary quartz crys-
tals, while from the feldspar there develops a complex aggregate
of secondary quartz, feldspar, mica, chlorite, and various other
minerals. This proeess of internal fracture and crushing of the
hard compact graywacke, which is accompanied by more or less.
recrystallization of the component minerals and the development
of new ones, changes the massive -graywacke into graywacke-
schist. : :

. —G.-
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GRAYWACKE-SCHIST.

Macroscopic—The graywacke-schist is the mashed and schist-
ose equivalent of the graywacke. Its most abundant constitu-
ents are granular quartz and mica. It also contains some feld-
spar. Phases of the graywacke schist occurring along the Rib
River in Secs. 14 and 24, T. 30 N., R. 4 E., and at the bend of
the Wisconsin River south of Merrill, in the SE. 1 of Sec. 7
and the NE. 14 of Sec. 18, T. 31, R. 7 E., contain abundant
crystals of staurolite, cordierite, and garnet. The staurolite
crystals are often.over an inch in diameter and generally have
angular erystal form. The cordierite has rounded forms, many
of them also over an inch in diameter. On the weathered sur-
face of the schist, the staurolite and the cordierite, on account
of their greater resistance to weathering, stand out above the
other minerals, having the appearance of angular and rounded
fragments in the rock. The garnet occurs in smaller octahedral
crystals which also roughen the surface of the weathered schist.
Where lines of stratification were noted in the schist, the bedding
planes were generally cut across at various angles by the sec-
ondary cleavage of the schists. The original beds of graywacke,
or arkose, were thus very evidently folded and plicated dur-
ing the mashing process of the graywacke-schist. (See Pl. X,
Fig. 2.) .

M@'croscopic.—Thé graywacke-schist is composed principally of
quartz, feldspar, and biotite, with smaller amounts of musco-
vite, chlorite, amphibole and magnetite. Apatite and tourmaline
are also often present, and in certain phases of the schist are
abundant porphyritic erystals of staurolite, cordierite, and gar-
net. The phases of rock here described under graywacke schist
are similar to rocks often deseribed as mica-schists, amphibole-
schists, staurolite-schists, cordierite-schists, garnet-schists, ete.
They are here classed under graywacke-schists because they are
mashed and metamorphosed graywackes, or grits. See Figures
2, 3 and 4 P1. XT.

Quartz is the most abundant constituent of the schists and
occurs as small fragments or pebbles of quartz rock, as good
sized grains considerably fractured and granulated, and as small
close fitting grains. The feldspar generally occurs in large
grains more or less fractured and shattered, and’is usually con-



EXPLANATION OF PLATES

X anp XL

\(67)



Prate X. SPECIMENS or THE HAMBURG SLATE FORMATION.

Fig. 1. Fine grained slate showing banding due to stratifica-
tion. Specimen 5889, two-thirds natural size. The plane of
easiest cleavage is diagonal to the bedding.’

Fig. 2. Staurolite cordierite schist. Specimen 5895, three-
fourths natural size. The round and subangular inclusions are
large ecrystals of staurolite and cordierite.

Prate XI. MICROSECTIONS OF THE HAMBURG SLATE FORMA-
TION. .

Fig. 1. Microsection of the ordinary slate. Section 5433.
‘Without analyzer, x25. The light colored’ mineral is quartz
and feldspar, the dark mineral is hematite.

Fig. 2 Microsectipn of biotite-quartz-slate. Section 5897.
Without analyzer, x25. Section consists mainly of quartz and
biotite. Also contains feldspar, magnetite, garnet, chlorite and
tourmaline.

Fig. 3. Microsection of biotite-quartz slate. Section 5896.
Without analyzer, x25. Section consists of much quartz, some
feldspar, and much biotite in parallel position. 'Also some green
hornblende, magnetite and tourmaline. ’

Fig. 4. Microsection of staurolite-cordierite-schist. Section
6228. Without -analyzer, x25. Section contains -cordierite,
staurolite, quartz and biotite. Also some  apatite, magnetite,
and tourmaline.

(68)
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siderably altered to smaller grains of feldspar and quartz and
flakes of biotite, muscovite and chlorite.

The texture of the schist is that of a erystalline rock, and the
internal arrangement of the constituents, as seen in thin sections,
furnishes little or no evidence of its fragmental character. In
the graywacke, enlargements of clastic grains of quartz and
feldspar are abundant, but in the schists no such phenomenon of
cores and rims was seen. The sedimentary origin of the schist
is mainly verified by traces of the stratification of the rock, and
the interlamination of thin beds of conglomerate material seen
in exposures in the field.

Biotite or dark colored mica is much more abundant than
muscovite and has a parallel orientation in the schist. The
larger folia of biotite enclose numerous small grains of quartz.
The general parallelism of the biotite crystals and their numer-
ous inclusions of quartz grains indieate that they were developed
about the quartz grains while under pressure. The flakes of
mica and chlorite have their longer axes in a common direction
in lines and planes which cut aeross the original bedding at
various angles.

As is common in most erystalline schists the apatite occurs in
grains with but slight indication of crystalline boundaries. They
often occur in aggregates. A persistent mineral in the schist
oceurs in very minute needles in bundles and aggregates within
the quartz grains. These can be detected only with the highest
power of the microscope. These acicular erystals are colorless
and appear to have the refraction of apatite. They may, how-
ever, be needles of sillimanite, since they have a habit of oceur-
rence similar to the sillimanite in the metamorphic schists.

The tourmaline occurs sparingly but persistently throughout
the schists, rich in mica, in the vicinity of Merrill, in short cel-
umnar erystals, most of which are but a small fraction of a milli-
meter in length. They are strongly pleochroic in bluish and
greenish tones and apparently bear no traces of alteration.

A number of the erystals of biotite in the sehist at Merrill are
intergrown with a blue amphibole. This amphibole is developed
at the ends and along the margins of the biotite, and has the
appearance of being developed at the expense of the biotite.
. The amphibole is strongly pleochroie, having .the blue and yel-
low-green color of glaucophane or riebeckite, the varieties rich
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in soda. This altertion of the biotite to the soda amphibole is
best developed in the schist bearing staurolite and cordierite and
may have been caused by contact metamorphism of adjacent
granitic intrusives. Alkali amphibole, notably riebeckite, is well
known to develop from alkaline solutions leading from granitic
intrusives. '
The phenomena of the peripheral shattering and granulation
of the larger grains of quartz and feldspar, and the complete
parallel arrangement of the biotite and muscovite are cataclastic
structures which ecan only be brought about by extreme pressure
accompanied by heated water solutions. The development of
the mica schist from the ordinary graywacke or fine conglomer-
ate through schistose graywackes has already been alluded to.
‘Wherever the graywacke was subjected to fracture and mashing
during the general folding of the rocks of the region, there
would be a tendency to obliterate the internal clastic structure

of the massive rock and to develop the cataclastic structure of
the schist.

The Porhyritic Minerals of the Graywack Schist.

In the schists occurring at Merrill (Specimens 5102 to 5107
and 5895 to 5898) and along the Rib river in Sec. 14, T. 30 N.,
R. 4 E., (Specimens 6220, 6222 to 6229) there are numerous
porphyritiec crystals of staurolite, cordierite, and garnet. Ac-
cording to the prevailing minerals contained, these phases ot
the schist may properly be called staurolite-mica-schist, cordier-
ite-mica-schist, and garnet-mica-schist. There are naturally all
gradations between these phases and not infrequently all these
porphyritic minerals are found in a single hand specimen or
microscopic slide. Usually, however, but one of these minerals
prevails within certain narrow limits. These minerals are sili-
cates of alumina, the staurolite containing much iron, the cor-
dierite much magnesia, and the garnet probably much lime.

Stourolite.—The staurolite has the usual character of this min-
eral. As seen under the microscope it has a high index of re-
fraction and strong double refraction. The pleochroism is dis-
"tinet in tones ranging from grayish to yellowish. The cleavage
is variable and appears as short sharp cracks. The staurolite
oceurs in the schist usually in large porphyritic erystals and
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sometimes as small grains. The larger porphyritic crystals are
often shattered and granulated and contain numerous inelu-
sions principally of grains of quartz, and leaves of biotite, mus-
covite and chlorite, and elongated erystals of magnetite and
tourmaline. The various minerals now included in the stauro-
lite, however, do not all bear similar relations to the latter.
Some of the included minerals are older, some are developed
through alteration of the staurolite and some probably have a
synchronous growth.

The included quartz grains are very numerous and are like
those in the surrounding matrix. The quartz grains have no
systematic arrangement in the staurolite and the latter evidently
developed in the interstices between the quartz grains. In its
development it had the capacity to absorb only the alumino-sili-
cates such as the feldspar and the micas, and left the quartz
grains as residual material. This selective process is readily
understood when the low silica percentage of staurolite as com-
pared with the alumina contained is called to our attention. The
cordierite, richer in silica than staurolite, often occurring along
side the staurolite as in section 6228 contains very few of the
quartz grains very presumably because a much greater amount
of silica is required for its development, Fig. 4, P1. X.

The biotite, muscovite, and chlorite ocecur along the fractures
or cleavage cracks of the staurolite. The first to develop in the
fractures where movement has evidently taken place is generally
the chlorite. Later the chlorite appears to develop into biotite
and museovite. The chlorite is probably ecorundophilite, the
variety rich in alumina. These flakey minerals often occupy
the same crystal forms and grade into one another. Some mag-
netite also occurs in the staurolite. 'As the staurolite becomes
much fractured and is pulled apart the leaves of biotite and
muscovite wind throughout the dismembered parts in general
parallelism with the mica of the matrix.

The tourmaline enclosed within the staurolite is probably a
synchronous crystallization as this mineral is well known to de-
velop under conditions of extreme thermal metamorphism as is
the case with staurolite. = The tourmaline apparently bears no
relation to the cleavage or fractures of the staurolite but appears
as well developed small crystals in the body of the latter.

Cerdicrite—The cordierite oceurs as large porphyritie crys-
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tals in the schist with usually a zone of alteration minerals about
their borders. For this reason they appear rounded like peb-
bles on the weathered surfaces of the rock instead of having
angular crystal forms like the staurolite. The cordierite of this
schist has the usual appearance of the colorless varieties of this
mineral. The index of refraction and the double refraction are
weak. It has a distinet cleavage parallel to the brachypinnacoid.

The cordierite is often fractured and granulated and contains
inclusions of quartz, staurolite, magnetite, biotite, tourmaline,
and muscovite.

The included quartz grains were present in the rock before
the growth of the cordierite and the latter developed in the in-
terspaces between and enclosing them.. As above stated, the
quartz grains are much less abundant in the cordierite than in
the staurolite, which may be attributed to the fact that the cor-
dierite required much ‘more silica for .its development than the
staurolite. _

‘The flakey minerals such as the micas are clearly alteration
products of the cordierite as shown by their location along the
cleavage cracks and fractures and about the boundaries of the
erystals. As is usual with cordierite it is much more altered than
the staurolite. = There appears to be a greater abundance of
green mieca along the cleavage in the body of the cordierite than
in the large fractures and about the boundaries where pressure
was probably more effective. The alteration of the cordierite
can be seen to begin along the minute fractures and cleavage at
some distance from the large fractures. Along these openings
the fresh cordierite is replaced by fibrous growths of colorless
minerals sorhe of them having a high double refraction which
are probably muscovite and others with lower double refraction,
probably serpentine. In the larger fractures where the altera-
tion is more advanced the secondary minerals have attained a
larger size. About the borders of the cordierite and forming a
continuous zone about them, are the still larger folia of museo-
vite, ‘and the colorless or grayish foliated mineral having the
appearance of serpentine, probably the variety marmolite.
Some chlorite is also developed with the muscovite, and the
muscovite in the larger fractures often has the granular appear-
ance of the variety pinite. Of the two principal end products
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in the alteration of the cordierite, the muscovite and serpentine,
the former is apparently the more abundant. This would neces-
sitate the partial removal of the magnesia and the introduction
of potash from the alkaline solutions coming from the abundant
granitic rocks of the vicinity, a process noted by Zirkel' and
which may be contemporaneous with the alteration of the biotite
to the soda amphibole as above described.

‘The inclusions of small erystals of tourmaline and small grains
of staurolite are in the body of the cordierite and since they are
often developed under conditions similar to cordierite they were
probably formed just previous to the growth of the latter but
belonging to the same metamorphie stage.

Gernet—The garnet in the schists occurs in very much smaller
crystals than either the cordierite or the staurolite. They gen-
erally range from one to four millimeters in diameter. In the
hand specimens they have an amber-yellow or honey-yellow color
but under the microscope they appear colorless. They have the
usual high index of refraction of garnet and are generally iso-
tropic. Some of the garnets possess good crystal form and in
cross section are four, six, or eight-sided. Most of the crystals,
however, are fractured and mashed like the staurolite and cor-
dierite and thus indicate a common period of dynamic meta-
morphism for these porphyritic minerals. In many of the
granulated garnets the optical anomaly of double refraction is
well exhibited.

The inclusions in the garnet are principally the angular grains
of quartz inclosed within the garnet in its growth. The garnet
is sometimes intergrown with staurolite and where this is the
case both are seen to be equally broken and mashed and while
the garnet still remains fresh and unaltered the staurolite re-
veals the ever-present process of alteration to mica. The gen-
eral appearance of the garnet and absence of decomposition
would appear to indicate that it is one of the aluminous varieties.

The quartz grains in the graywacke schist do not possess the
rounded forms of clastic grains or the rims and enlargements
of secondary growths about quartz nuclei so common a pheno-
mena of clastic quartz grains of ordinary consolidated and ce-
mented graywacke or quartzite. All traces of the clastic char-

tZirkel. Lehrb. d. Petr.,, Zw. Auf, Bd. I, p. 372.
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acter of the quartz grains have been obliterated, the fragmental
origin of the graywacke being determined by 