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OUTLINE OF THE REPORT

The McCalls Ferry-Quarryville district, as the term is used in this report,
includes the McCalls Ferry and Quarryville quadrangles, in southeastern
Pennsylvania. It comprises parts of Lancaster, Chester, and York Counties
and lies within a belt of metamorphosed pre-Cambrian and Paleozoic rocks
that extends southwestward from Trenton, N. J., through eastern Pennsylvania
and Maryland into the Southern States of the eastern Atlantie slope.

Topographically the area consists of a well-dissected upland and a gently
rolling lowland. The country is fertile and is well adapted to agriculture,
which is the most important industry. The mining importance belongs to the
last century, when the district furnished a considerable amount of iron ore
and for several years yielded, from the Gap nickel mine, about one-sixth of
the world’s annual output of nickel.

The geologic interest of the district centers in the nature and origin of its
highly metamorphosed rocks and in the bearing of its geologic history on the
interpretation of the stratigraphy and structure of the Piedmont province as
a whole. Study of this district has furnished a clue for the solution of
puzzling stratigraphic problems in the region on the northeast, but the inter-
pretation of the stratigraphy and structure of the pre-Cambrian rocks in this
area itself is dependent on previous work by the writers in Maryland, where
the base of the stratigraphic column was established. Therefore, in this re-
port the district has been treated in its relation to the geology of the Piedmont
province as.a whole.

The northeast corner of the Quarryville quadrangle is occupied by the south-
ern spur of a wide anticline underlying the Honeybrook upland, which extends
northeastward as far as Schuylkill River. The core of this anticlinal spur,
which is known as the Mine Ridge anticline, is made up of the Baltimore
gneiss of early pre-Cambrian age. This formation comprises intensely meta-
morphosed graphitic schists and gneisses with a few calcareous lentils and
numerous interlaminated layers of hornblende schist, which are probably of
igneous origin. The whole series has been invaded and injected by igneous
rocks ranging in composition from granite to gabbro. The invading igneous
rocks are presumably pre-Cambrian, because they have not been found to cut
the intensely metamorphosed Paleozoic schists and quartzites that flank the
uplift. -Moreover, the fact that they have been altered by a strong dynamic
metamorphism that was apparently contemporaneous with the first meta-
morphism of the Paleozoic rocks suggests that they were intruded during a
period of igneous activity that preceded Cambrian sedimentation.

Lower Cambrian arenaceous strata unconformably overlie the pre-Cambrian
core of the anticline and are about 2,200 feet thick. They are overlain by
5,000 feet of calcareous and dolomitic rocks ranging in age from Lower Cam-
brian to Ordovician. These rocks were gently folded and lifted above sea
level early in Ordovician time, and across their eroded edges the argillaceous
Conestoga limestone, of probable Chazy age, was laid down. After the deposi-
tion of the Conestoga limestone the district was again folded with moderate in-
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X OUTLINE OF THE REPORT

tensity, and probably during a subsequent deformation a block of the earth’s
crust that originally lay farther south was driven northward and westward across
the folded Paleozoic strata. In the McCalls Ferry and Quarryville quadrangles
the overriding rocks comprise the Cockeysville marble, Wissahickon formation,
Peters Creek schist, Cardiff conglomerate, and Peach Bottom slate, all forma-
tions of the Glenarm series, which was studied by the writers in Maryland,
where it was determined to be of later pre-Cambrian age and younger than
the Baltimore gneiss, which it overlies unconformably. The total thickness
of the Glenarm series is probably between 8,000 and 10,000 feet, although no
accurate estimate can be made, for the middle formations have been repeated
by close folding.

The basal member of the series is the Setters formation, which is not exposed
in the McCalls Ferry and Quarryville quadrangles but which occurs about 5
miles southeast of the district in an anticline between Avondale and Doe Run,
where its thickness ranges from a few feet to 1,000 feet. It is composed of
mica gneiss and mica schist with an intercalated quartzite member. Overlying
the Setters formation in this anticline is the Cockeysville marble, a dolomitic
and calcitic marble several hundred feet thick. In the McCalls Ferry quad-
rangle the Cockeysville marble crops out only in a small valley, where it i
overlain by the Wissahickon albite-chlorite schist.

The Wissahickon formation occurs in two metamorphic facies—an oligoclase-
mica schist and an albite-chlorite schist. The oligoclase-mica schist, which
surrounds several anticlines north and northwest of Baltimore, Md., forms a
belt along the southeastern border of the Piedmont province from Baltimore to
Trenton, N. J. Lithologically it resembles the Setters formation, and it shows
the same intense metamorphism. In the McCalls Ferry-Quarryville district
it is largely replaced by the less intensely metamorphosed facies of the Wissa-
hickon, the albite-chlorite schist, which is a heterogeneous formation comprising
both feldspathic and chloritic schists with a subordinate amount of quartzite
or quartzose gneiss. The difference in mineral constituents between ‘the two
facies of the Wissahickon appears to have resulted from a difference in condi-
tions of metamorphism rather than from difference in stratigraphiec position
or in chemical composition. The thickness of the Wissahickon formation
where it has been cut across by Susquehanna River must amount to several
thousand feet, even after allowance has been made for the close folding. The
two uppermost formations of the Glenarm series, the Cardiff conglomerate
and the overlying Peach Bottom slate, aggregate between 1,500 and 2,000 feet
in thickness. They have been included with the pre-Cambrian rather than with
the Paleozoic section because it has been impossible to prove an unconformity
at the base of the conglomerate, whereas the base of the Cambrian shows a
distinet angular unconformity. )

The overthrust block of Glenarm schists covers a little more than two-thirds of
the McCalls Ferry-Quarryville district. After the thrusting the overridden and
overlying blocks alike were folded along axes that were approximately parallel
to the main structural lines of the preexistent folds. In some places the older
structural features emerge from under the thrust block so that the preover-
thrust deformation can be recognized. The last pre-Triassic deformation of
the region is recorded in a cleavage that cuts across the older schistosity and
folding. The folding of the Conestoga limestone, the thrusting of the pre-
Cambrian block, and the folding of the thrust plane took place between the end
of Middle Ordovician time and the beginning of the Triassic, but it is im-
possible to fix the dates of the individual deformations with more exactitude.
During Triassic time the region was broken by normal faults, which accom-
panied or followed the intrusion of narrow dikes of diabase in this district.
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The post-Triassic history is chronicled in the physiography, which gives
evidence of progressive but intermittent uplifts. These successive uplifts
interrupted the normal course of erosion, so that ten uncompleted cycles of
erosion are recorded in the drainage history of the McCalls Ferry-Quarryville
district and the adjoining region. The remnants of the old erosion surfaces
that mark these partial cycles have been correlated by a study of present and
preexistent drainage channels.

The main problems of the metamorphic history of the Piedmont province
are embodied in the crystalline.schists of the McCalls Ferry-Quarryville district.
The clue to the solution of certain of these problems lies within the district
itself, and the answer to some other puzzling questions has come from the sur-
rounding region. The most striking feature of the metamorphism of the
Piedmont province as a whole is its extremely variable intensity, which can
not be adequately explained by any one cause alone. Some of this variation
is accounted for by the determination that the metamorphism of the region
occurred at more than one time and that the metamorphic effects produced at
different times are to a large extent distinct. Thus the pre-Cambrian base-
ment complex, wherever it is exposed, shows an intense alteration. Such
intensity might possibly be expected on the ground that the oldest rocks have
been through the metamorphic mill the greatest number of times and there-
fore have naturally been the most altered. However, the recent metamorphic
studies of Huropean geologists have brought out the fact that repeated
metamorphism is not necessarily cumulative in its effects but is commonly
retrogressive, so that a rock that was originally metamorphosed into a coarsely
crystalloblastic gneiss may later become a less highly metamorphic rock—a
diaphthoritic or retrometamorphic schist. /The oldest pre-Cambrian gneiss shows
no diaphthoritic effects and none of the superposed foliation that is so striking
a feature of both the later pre-Cambrian and the Paleozoic schists. There-
fore, it is probable that the earliest known crystalline schists have remained
more or less inert since their formation, doubtless owing to their prolonged
deep-seated position, which has preserved them from retrogressive metamor-
phism.

The earliest pre-Cambrian rocks (the Baltimore gneiss) may therefore be
disregarded in the study of the variations in metamorphic intensity. It is
evident that the metamorphic intensity of the other crystalline schists of the
Piedmont province in Maryland decreases continuously from the vicinity of
Baltimore toward the west and northwest, as was pointed out many years
ago by Williams. But north and northeast of Baltimore, instead of a con-
tinuous decrease in intensity, there is a series of approximately parallel belts
of variable intensity, starting with a belt of maximum intensity along the
eastern border of the Piedmont province. Toward the northwest this maxi-
mum diminishes to a minimum metamorphism, still registered in pre-Cambrian
rocks. Still farther northwest the intensity rises to a second maximum in
the Paleozoic schists that flank the anticline of Mine Ridge, and north and
northwest of this anticline the metamorphism in the Paleozoic phyllites and
calcareous rocks once more diminishes in the direction of the Triassic basin.
These metamorphic belts run in -general parallel to the trend lines of the
formations, but they are not genetically connected with the folding, as highly
altered rocks occur in the cores of open folds while the rocks on the limbs are in
the condition of phyllites or mildly altered chlorite schists. Moreover, the
second maximum of intensity, which is well shown in the section along Sus-
quehanna River and northeastward from the river, diminishes not only to-
ward the northwest but also toward the southwest, where it gradually dis-
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appears in the decreased metamorphism between Baltimore and the Frederick
Valley. : B

Nor does repetition of the same stratigraphic horizon by folding explain

these recurrent maxima and minima of metamorphism, for some of the most
highly altered rocks are the autochthonous Paleozoic schists, whereas the
metamorphic intensity wanes perceptibly in the overlying pre-Cambrian fault
block. Moreover, in the pre-Cambrian Glenarm series the Wissahickon forma-
tion, which was presumably metamorphosed under a uniform load, occurs in
* two metamorphic facies of widely differing intensity. The reason for this
difference in metamorphic intensity is not obvious, but it is noteworthy that
the more intensely metamorphosed facies is penetrated .by numerous large
igneous intrusions, which are conspicuously absent from the facies of lower
intensity. The inference is that the high metamorphism of the one facies
may have been caused by the thermal influence of the igneous invasion.

In the area around the Mine Ridge upland, where pre-Cambrian schists
have ridden northwestward over Paleozoic rocks, the metamorphic gradient
is abnormal, the maximum metamorphism occurring in the autochthonous
Paleozoic strata and diminished intensity in the overthrust pre-Cambrian
rocks. Such a metamorphic gradient, which is the reverse of the relation found
in many places where pre-Cambrian rocks have been thrust over younger
formations, is a strong argument in favor of the belief that the metamorphism
was younger than the thrusting. This belief is strengthened by the fact that
the somewhat meager evidence that is available regarding the sole of the
thrust plane indicates that the thrusting took place under conditions that
were favorable to free molecular movement rather than to freedom of molar

' movement. . _

At first sight it might appear possible to explain the abnormal and localized
intensity of metamorphism in the autochthonous Paleozoic schists around the
Mine Ridge upland -as static metamorphism, or as dynamic metamorphism
under the normal stratigraphic load augmented by the weight of the thrust
block. It is perfectly evident that the metamorphism was not produced under
the causal influence of the normal stratigraphic load alone, as the Lower Cam-
brian sediments in the McCalls Ferry-Quarryville district were nearer to the
Paleozoic shore line and therefore under lighter load than the sediments of
the same age in the deeper part of the geosyncline 10 or 20 miles farther north-
west. Nor does a dying out of the folding explain this difference in meta-
morphism, because the slaty Conestoga limestone near Lancaster is folded
just as strongly as its metamorphosed equivalent near Quarryville. The addi-
tional weight of 10,000 feet of rock thrust over the normal stratigraphic column
would produce a rise in geothermal temperature of only 100° C., which would
not be adequate to explain the development of garnetiferous biotite schists and
micaceous marbles near Quarryville in place of phyllites and slaty limestones
20 miles farther northwest. Both the autochthonous and the overriding rocks
in Carroll County, Md., are more feebly metamorphosed than the corresponding
rocks in Pennsylvania, although the folding is equally close in both regions.
Thus if the weight of the overriding fault block were the dominant fac¢tor in
the intense metamorphism in Pennsylvania this would necessitate the conclusion
that the thickness of the fault block was appreciably less inQMaryland than in
Pennsylvania, so that folding and the attendant metamorphism would have
taken place at a lesser depth and under conditions of less intensity.

Such a localized rise in geothermal temperature as is indicated by the
Paleozoic schists that flank the Mine Ridge anticline suggests still another
causal factor in folding—namely, the influence of underlying igneous magma.

-
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Folding that took place under such thermal influence, combined with the locally
augmented load of the overriding fault block, would doubtless account for
the intense metamorphism in the autochthonous Paleozoic block and for the
upward waning of intensity in the pre-Cambrian rocks.

This hypothesis of regional alteration under the influence of an underlying
Latholith is attractivein that it satisfactorily explaing the peculiar localization of
metamorphic intensity, but unfortunately it is virtually insusceptible of proof,
except in so far as the widespread tourmalinization and pegmatitization of the
Paleozoic rocks indicate the passage of magmatic emanations from an under-
lying igneous mass. 'This evidence is so conclusive that the presence of the
underlying batholith is certain, but whether the influence of the batholith
is sufficient to account for the intense metamorphism in the belt of highly
altered Paleozoic rocks is speculative in the light of present evidence. In
fact, from our present knowledge of the metamorphic history of the region
it is impossible to ascribe the localized intensity of the metamorphism in the
vicinity of the Mine Ridge upland to one rather than to the other of the two
possible causes that have been outlined. It can only be said that both possi-
bilities answer the requirements of working hypotheses, although the first
hypothesis seems inadequate to account for the extremely local rise in meta-
morphism. It remains for these hypotheses to be later eliminated or substan-
tiated by more detailed and more extended work on the recurrent meta-
morphism of the Piedmont province.






GEOLOGY OF THE McCALLS FERRY-QUARRYVILLE
DISTRICT, PENNSYLVANIA

By Ereanora Briss Knopr and AnNa 1. JonNas

INTRODUCTION
LOCATION OF THE DISTRICT

The McCalls Ferry and Quarryville quadrangles mapped by the
United States Geological Survey are in southeastern Pennsylvania,
in York, Lancaster, and Chester Counties, between parallels 39° 45
and 40° and meridians 76° and 76° 30’. (See fig. 1.) The geology
of these quadrangles is so intimately related to the geology of the
adjoining portions of Pennsylvania and Maryland in which the
writers have worked that this report describes not only the area in-
cluded in the quadrangles but also a considerable part of the adjoining
region. The McCalls Ferry quadrangle is crossed from north to
south by Susquehanna River, whose right bank forms the boundary
line between York County on the west and Lancaster County on the
cast. Fully two-thirds of the two quadrangles lies in Lancaster
County, and the greater part of the remainder is in York County,
only the extreme southeast corner belonging to Chester County.
There are no large towns in the district. Quarryville, a borough
of several hundred inhabitants, is 12 miles southeast of Lancaster
and 20 miles southwest of Coatesville.

Four through railroads and a small branch line enter the McCalls
Ferry and Quarryville quadrangles. The northeast corner is crossed
for a distance of 6 miles by the Philadelphia division of the Pennsyl-
vania Railroad, which is a part of the main line between Phila-
delphia and Pittsburgh. The central part of the district is crossed
from east to west by the Atglen & Susquehanna branch of the
Pennsylvania Railroad, which turns north at Shenks Ferry station
and follows the east bank of the Susquehanna to Harrisburg. This
line, which carries only freight, is locally known as the “low-grade
freight line,” because it maintains an approximately uniform grade
of about 5 feet to the mile between Philadelphia and Harrisburg.
The Columbia & Port Deposit branch of the Pennsylvania Railroad

1



2 McCALLS FERRY-QUARRYVILLE DISTRICT, PA.

runs along the east bank of Susquehanna River. Its northern
terminus is Columbia, and it connects at Perryville with the Phila-
delphia, Wilmington & Baltimore division of the Pennsylvania
Railroad. The Maryland & Pennsylvania Railroad follows the
winding course of Muddy Creek in the southwestern part of the
district. It starts in Baltimore, Md., and its northern terminus is
York, Pa. The Strasburg Railroad is a branchi Tine of the Pennsyl-
vania Railroad which runs from the main Philadelphia division at
Leaman Place 4 mlles southwest to Strasburg. A narrow-gage road
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Ficure 1.—Index map showing location: of McCalls Ferry and Quarryville quad-
rangles, Pennsylvania

known as the Lancaster, Oxford & Southern Railroad, which served
to connect Susquehanna River at Peach Bottom with Quarryville
to the north and Oxford to the east, was abandoned in 1921. A
standard-gage freight line between Quarryville and Lancaster, a
branch of the Pennsylvania Railroad, is still in operation. An ex-
tensive trolley system, under the management of the Conestoga
Traction Co., radiates from Lancaster, and three branches of this
system terminate within the district, at Millersville, Quarryville, and
Strasburg. A fourth branch of this trolley system crosses the dis-
trict between Kinzers and Christiana and terminates at Coatesville,
9 miles east of Christiana. The branch of the electric railroad of the
Conestoga Traction Co. that terminates at Millersville connects
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with Susquehanna River by the Millersville & Pequea Electric Rail-
road.

Susquehanna River is crossed by motor ferries at Pequea and
McCalls Ferry and by a steam ferry at Peach Bottom. The river
is navigable for small boats between Shenks Ferry and Holtwood,
where the installation of a large dam has impounded the river water
into Tucquan Lake. Below the tail race of the Holtwood dam it
is navigable during the high-water season. -

FIELD WORK AND ACKNOWLEDGMENTS

The field work on the area described in this report was started by
the authors during the field season of 1915. It was interrupted by
the World War and was resumed and almost completed during por-
tions of the field seasons of 1919, 1920, and 1921. The final detailed
mapping of the Paleozoic rocks in the northern part of the Quarry-
ville and McCalls Ferry quadrangles was done by A. 1. Jonas during
part of the field seasons of 1921 and 1922. The accompanying geo-
logic map (pl. 1) is the result of this field work. ‘

The geological survey of the McCalls Ferry and Quarryville
quadrangles was planned in 1915 by Mr. Arthur Keith, chief of the
section of areal geology. In February, 1915, Dr. E. B. Mathews, to
whom the area had been originally assigned before his resignation
from the United States Geological Survey, turned over to the Geo-
logical Survey a reconnaissance map and some reconnaissance notes
made by Mr. W. J. Miller while he was a student at Johns Hopkins
University. The area was then assigned to Eleanora F. Bliss (E. B.
Knopf) for mapping. The work was carried on in full cooperation
with A. I Jonas, of the Pennsylvania State Geological Survey.
Mr. Sidney Paige, who was chief of the section of areal geology
during the progress of the later part of the field work, inspected the
work, and acknowledgments aré due to him for his adee on several
occasions during the preparation of the manuscript.

Acknowledgments are especially due to Mr. G. W. Stose for his
collaboration on the stratigraphy of Lancaster Valley and to Mr.
Adolph Knopf for his assistance on the metamorphic problems
of the district.

PREVIOUS WORK

The earliest geologic work in the McCalls Ferry-Quarryville dis-
trict consisted of the general investigations by the geological surveys
of Pennsylvania, whose results were published in the several county
reports. In 1895 Kemp studied the geology of the Gap nickel-ore
deposit but confined his attention to the rocks immediately associated

6136—29—2
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with the ore. In 1905 W. J. Miller made a brief reconnaissance, but
the results were never published.
~Although little has been written on the McCalls Ferry-Quarryville
district in particular, the geology of the belt of highly metamorphosed
rocks in which the district lies has long been a subject for discussion.
" The tendency among the early writers, such as Rogers, Hall, and
Lesley, was to place practically all the crystalline schists of the region
in the pre-Cambrian. The later work of Maryland geologists placed
the series that overlies the pre-Cambrian Baltimore gneiss in the
Paleozoic. The tentative conclusions reached by Mathews® in 1905
were that the Paleozoic section probably begins with the Setters for-
mation; that the overlying Cockeysville marble is probably “ Cambro-
Ordovician” and represents the same horizon as the limestone of
Chester Valley in the Philadelphia area; and that the Wissahickon
formation, overlying the marble, is probably Ordovician. But even
before this Bascom ? had recognized the possibility that the Wissa-
hickon gneiss might prove to be pre-Cambrian, and in 1909,% at the
time that the Philadelphia folio was published, she decided that the
age of the Wissahickon gneiss is pre-Cambrian—first, because of cer-
tain apparent stratigraphic relations between the Wissahickon gneiss
and the adjoining sedimentary rocks in Pennsylvania, and second, on
the ground that it contains intrusive igneous material generally con-
sidered to be absent from the Paleozoic rocks of the region. A series
of phyllites and schists, termed the “ Octoraro schist,” was separated
by Bascom from the Wissahickon and placed in the Ordovician, be-
cause these rocks were considered to be less coarsely crystalline than
the Wissahickon and to conformably overlie limestone of Beekman-
town age in Chester Valley. The contact of the Wissahickon and
the “ Octoraro schist ” was regarded as a thrust fault.
Early study of the Doe Run and Avondale district, 12 miles east
of Quarryville, brought the writers* also to the conclusion that the
Wissahickon gneiss is a different formation from the “Octoraro

schist” and that it must be of pre-Cambrian age, thrust over the .

so-called *“Cambro-Ordovician ” limestone and over the “Octoraro
schist,” then considered to be Ordovician. The sinuous line of con-
tact between the gneiss and the limestone and between the gneiss and
the schist was considered to represent the eroded plane of the over-

1 Mathews, E. B., Correlation of Maryland and Pennsylvaria Piedmont formations:
Geol. Soc. America Bull., vol. 16, pp. 329-346, 1905.

2 Bascom, -F., The geology of the crystalline rocks of Cecil County : Maryland Geol. Sur
vey, Cecil County, pp. 107-108, 1902. )

3 Bascom, F., U. 8. Geol. Survey Geol. Atlas, Philadelphia folio (No. 162), p. 5, 1909.

4 Bligs, E. F., and Jonas, A. I., Relation of the Wissahickon mica gneiss to the Shenan-
doah limestone and the Octoraro schist of the Doe Run and Avondale region, Chester

County, Pa., private publication, February, 1914; U. S. Geol. Survey Prof. Paper 98, pp.
9-34, 1916.

"\
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thrust which had been folded in a period of deformation subsequent
to the faulting.

A similar explanation of the relations of the Wissahickon gneiss
to the other formations northeast of Baltimore was given by
Mathews® in 1917. The pre-Cambrian Wissahickon gneiss is de-
scribed as thrust over the Baltimore gneiss, Setters formation, and
Cockeysville marble along such a fault plane as was believed to ex-
plain the anomalous position of the Wissahickon gneiss in Penn-
sylvania.

During the field seasons of 1919 and 1920 spent in Baltimore and
Harford Counties, in Maryland, the writers were.able to determine
the position of the Wissahickon gneiss in the stratigraphic column
and to show that the limestones of the Doe Run and Avondale district
of Pennsylvania and the Cockeysville marble of Maryland are pre-
Cambrian, not Shenandoah, and that they had been erroneously
correlated with the limestone series of Chester Valley. The pre-

. Cambrian section established by the investigation is described in

some detail in this report.
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GEOGRAHPY
TOPOGRAPHY

The McCalls Ferry-Quarryville district is part of the physio-
graphic division of the eastern United States that is known as the
Piedmont province. The topography of the district falls into two
distinct types—a well-dissected upland, whose interstream areas are
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wide, flat hill summits, and a gently rolling lowland, broken here
and there by long, low hills trending northeast. The lowland occu-
pies the northern and northwestern portion of the district and widens
northward into Lancaster Valley. To the south it cuts across the
upland surface in a depression about 1 mile wide, near Quarryville.
From Quarryville toward the northeast a long, narrow valley, known
as Chester Valley, separates the upland into a northern portion, which
includes the Mine Ridge upland and a southern portion known
as the South Valley Hills.

Chester Valley is a well-defined topographic feature, controlled in
shape and extent by the easy solubility of the underlying rock, which
is limestone and dolomite. It has a linear extent of 66 miles and
finally disappears north of Philadelphia, where the limestone outcrop
ends on the crest of a pitching fold. The floor of the valley is flat,
about a quarter of a mile in width at the narrowest part, and widen-
ing northeastward to a couple of miles. It slopes from an altitude
of 580 feet at Quarryville to 100 feet near Philadelphia and is occu-
pied by a succession of small runs, some flowing westward and some
eastward. There is no continuous stream by whose agency the valley
might have been formed. The bounding ridges that delimit the val-
ley rise in steep slopes 150 to 250 feet above the valley floor.

The northern portion of the upland rises 350 feet above the level
of Lancaster Valley and 140 to 200 feet above the floor of Chester
Valley. To a distant observer the upland appears to be flat, but a
close examination of topographic detail reveals the fact that the
surface is more diversified than would at first appear. The western
and northwestern rims of the upland rise appreciably above the
general upland level in the narrow Mine Ridge proper. This ridge,
which presents to the eye of an observer in Lancaster Valley an
approximately even crest line similar to the crest of Blue Mountain,
attains a maximum altitude of 920 feet and descends on both sides
of this maximum to surfaces that maintain for several miles alti-
tudes ranging from 820 to 880 feet. Similar altitudes ranging
from 820 to 900 feet reappear in the upland surfaces on the west
side of the Quarryville Valley and to the southwest across Sus-
quehanna River in York County, forming the highest and flat
summits of the upland country. These hills at 820 and 900 feet
form the divide between northward and southward flowing streams,
which is breached by Susquehanna River in a deep gorge from
northwest to southeast. The steep rugged slopes of this gorge are
covered with a dense growth of timber, and in the valley bottom,
which ranges in width from a quarter of a mile to more than a mile,
the river rushes in a deep and narrow channel past many rocky
islets, which occupy most of the valley floor. Even now, to a person
standing in the gorge at the mouth of one of the tributaries that
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empty into the main stream through ravines dense with laurel and
rhododendron, the wildness of the scene recalls the days when the
Susquehanna furnished to the Indian canoe a means of travel
through a well-nigh impassable wilderness. But on the upland
summits the atmosphere of the wilderness is lost, and the lonely
wooded gorge of the river forms a sharp contrast to the fertile
farming land that occupies the wide upland of comparatively slight
relief. ~ T
DRAINAGE

The district is drained by Susquehanna River and numerous tribu-
taries. The length of the Susquehanna from its source in Lake
Otsego, N. Y., to the head of Chesapeake Bay is 422 miles, and it
drains an area of 27,400 square miles.® The portion that is included.
in the district here described lies 380 miles from the source and 17
miles from the mouth and has an average fall of 5.3 feet to the mile.
The largest tributaries to Susquehanna River are Fishing and Muddy
Creeks on the York County side and Conestoga and Pequea Creeks
on the Lancaster County side. The flow of water in Susquehanna
River is extremely variable. Between 1911 and 1916 the average
flow below the Holtwood Dam was 20,000 second-feet, the maximum
440,000 second-feet, and the minimum 2,000 second-feet.

The amount of water carried by the river is small in comparison
to the size of its valley, the river being in this sense an underfit
stream. The explanation is doubtless to be found in the fact that
at one time during the retreat of the ice of the glacial epoch the
drainage from the Finger Lakes of New York went chiefly southward
through Susquehanna River. The volume of water carried by the
river at that time therefore was probably much larger than it is at
present. '

A curious feature of the channel is the occurrence of the “ deeps ™
or long depressions below the level of the channel that have been
described by Mathews.” Six of these deeps occur between Turkey
Hill and Fites Eddy, where the channel is near the left bank. They
range from 2 miles to slightly less than a mile in length and attain
a maximum depth of 30 feet below sea level. They are confined.
to the eastern edge of the rock channel and are associated with large
potholes. No entirely satisfactory explanation has been proposed
to account for the origin of these remarkable holes. Mathews be-
lieved that they were the work of post-Talbot erosion during a time

8 Hollister, G. B., U. S. Geol. Survey Water-Supply Paper 108, p. 9, 1904.
7Mathews, E. B., Submerged ‘ deeps’ in the Susquehanna River: Geol. Soc. America
Bull,, vol. 28, pp. 335-346, 1917.
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when the river channel was either narrower or the volume consider-
ably greater than at present. Such increase in volume might have
been caused by increased drainage through the Susquehanna, but

1t is difficult to explain by increased volume the localization of the

deeps. Daly ® has suggested that a more probable reason for the
formation of these depressions is an increased gradient of the stream
deposits on the southerly slope of a peripheral bulge of the land
south of the continental ice cap. But study of the tributary drainage
in the zone of the assumed peripheral upwarping of the crust shows
no such trenching as must have accompanied a steepening in gradi-
ent sufficient to account for the carving of the Susquehanna deeps.
Moreover, the crest of the bulge must have been at no great distance
from the foot of the ice sheet, which in this region was as much as
110 miles from the Turkey Hill-Fites Eddy stretch of Susquehanna
River.

' CLIMATE

The mean temperatures for the eastern Piedmont of Pennsylvania
are 31° F. for winter; 50° for spring, 72° for summer, and 55°, for
fall. The maximum summer temperature rises above 95°, and the
minimum winter temperature falls below zero, especially in the
month of February. There is a difference of about 3° between the
climate of the western part of the Piedmont area and that of Phila-
delphia. In spring the last killing frost occurs from April 6 to
May 27, and in fall the first killing frost from September 17 to
November 14, according to the season and to the altitude of the sec-
tion. Sudden melting of the ice and snow in the mountains often
causes the formation of ice gorges in the Delaware and Susquehanna
River valleys. The ice gorges are due to an insufficiency of water
to carry out the floating ice blocks, which are penned up in narrows
of the river and refrozen into a solid mass by sudden drops in tem-
perature. The resultant ice jams have attained great size in Susque-
hanna River below Columbia and have caused much damage to river
property, both by ice work and by flooding of the shores of the
mainland and tributary streams.

The mean annual rainfall is 40 inches, as shown by records at
Lancaster covering 20 years. Records at Coatesville covering a

_ period of 32 years show a mean annual rainfall of 48 inches, with a

variation from 32 to 69 inches. Records at Holtwood covering the
period from 1915 to 1920 show a mean annual rainfall of 37 inches,
with a maximum of 46 inches.

8 Daly, R. A,, Oscillations of level in the belts peripheral to the Pleistocene ice caps:
Gecl. Soc. America Bull,, vol. 31, p. 314, 1920.
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GENERAL GEOLOGY

OUTLINE OF THE GEOLOGY OF THE APPALACHIAN MOUNTAINS
AND THE PIEDMONT PROVINCE

The easternmost physiographic division of the Atlantic slope is
the Coastal Plain, a gently sloping plain underlain by unconsolidated
deposits. (See fig. 2.) Between the Coastal Plain on the east and
the long parallel ridges and intermontane valleys of the Appalachian
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Fi1GURe 2.—Physiographic provinces in the Middle Atlantic States. The Jersey High-
lands, including the Reading and Durham Hills, are the northern representative of
the Blue Ridge province and are generally considered to extend northward into the
New England upland. South Mountain in Pennsylvania forms the north end of the
Blue Ridge province

Ridge and Valley province on the west lies the Piedmont province.
The western boundary of the Piedmont province is formed by the
Appalachian Mountains, an interrupted mountainous belt of moderate
relief with maximum altitudes of about 6,000 feet.

APPALACHIAN MOUNTAINS

GENERAL FEATURES

The northern portion of the Appalachian Range comprises the
Green Mountains, in Vermont and western Massachusetts, and the
Hoosac Range, in southwestern Massachusetts and Connecticut. Its
southwestward extension through New York crosses Hudson River
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between Fishkill and Peekskill and continues through New Jersey
as the Highlands. This range crosses Delaware River near Easton
and forms in Pennsylvania the Reading and Durham Hills, whose
highest summits stand at 1,000 to 1,100 feet. The Reading and
Durham Hills terminate abruptly in Penn and Neversink Mountains,
which overlook Schuylkill River at Reading. In Lebanon and
Berks Counties about 6 miles southwest of Reading an isolated group
of hills, known as South Mountain, marks the south end of the
northern Appalachians. From these hills southwestward for a dis-
tance of 50 miles there is a topographic break and disappearance
of the ridge that marks the boundary between the Cumberland-
Lebanon Valley of the Appalachian Ridge and Valley province on
the west and the Piedmont province on the east.

South of Carlisle the Appalachian Mountains reappear in the
larger South Mountain, completely disconnected from the South
Mountain in Lebanon and Berks Counties, near Reading. The
South Mountain of southern Pennsylvania is a wide area made up
of many narrow ridges with a maximum altitude of 2,100 feet which
extend southward into South Mountain and Catoctin Mountain,
Maryland. The Appalachian Mountains in Virginia lie between
Catoctin Mountain and the western front of the Blue Ridge. The
Appalachian Mountains widen in the Southern States, forming a
belt about 50 miles in width, which comprises the Unaka and Great
Smoky Mountains and many others.

The topography of the Appalachian Mountains is determined by
the nature of the underlying rocks. The range is composed of
schists and gneisses of both sedimentary and igneous origin. In the
Highlands of New Jersey and in the Reading and Durham Hills
the hills that are composed of feldspathic gneisses are of rounded or
irregular outlines, with more or less gently sloping sides, and the
hills that consist of quartzite form ridges elongated along the strike,
whose steep rugged slopes are covered with fragments of broken
quartzite. =

GEOLOGY OF THE READING HILLS

The writers have studied the crystalline schists of the Appala-
chian mountains in some detail in the Reading Hills, the southward
continuation into Pennsylvania of the New York and New Jersey
Highlands. The oldest rocks of sedimentary origin in these hills
are graphite-bearing biotite gneisses containing intercalated layers
of marble and quartzite. The graphitic gneisses are associated with
hornblende schists that may belong to the sedimentary series, al-
though it has not yet been possible to delimit them from other horn-
blende schists of undoubted igneous origin. The sedimentary series
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is lithologically similar to the Franklin limestone and interbedded
graphitic schists of the New Jersey Highlands, and like those rocks
it has been invaded by a series of igneous rocks ranging in composi-
tion from granite to gabbro. Numerous small .isolated patches of
sedimentary gneiss completely surrounded by igneous rock probably
represent rifted blocks or roof pendants. In a region of moderate
relief it is impossible to establish the presence of roof pendants be-
cause the depth of outerop is not sufficient to expose the downward
prolongation of the pendant into the intruding igneous material.
The metamorphosed sediments are granoblastic in texture as a result
of a deep-seated metamorphism that has developed various heavy
minerals such as garnet, sillimanite, hornblende, and plagioclase.
Undulose extinction is almost universally present and indicates that
a mechanical deformation has been superimposed upon the deep-
seated metamorphism. In contrast to the crystalloblastic texture of
the sedimentary gneisses, the igneous gneisses show distinct igneous
texture. The dynamic deformation that affected the sediments was
later than the igneous intrusion, for it has left its mark upon the
igneous rocks in undulatory extinction, granulation, and twisting of
the mineral constituents. In certain rather well-defined zones the
deformation has been so intense that the rocks involved show all
stages of cataclastic action from a strong brecciation to a complete
mylonitization through which the original character of the rock
can be-only faintly discerned. The shattering of the rock complex
was accompanied by a certain amount of mineralization, as shown
by the presence of crocidolitized zones,’ and by the passage of ore-
bearing solutions.

The presence of certain fine-grained and notably undeformed
bostonitic dikes in the magnetite district of Rittenhouse Gap suggests
the presence of an alkalic magma ‘younger than the magma that
furnished the rocks of the strongly deformed igneous complex.
The Reading and Durham Hills are penetrated by dikes of Triassic
diabase ° and broken by numerous faults of Triassic age, and the
possible genetic relationship of the alkalic dikes to the nephelite
syenite magma of Beemerville, N. J., suggests that the considerable
deformation during late Triassic time in the Reading and Durham
Hills was accompanied by the intrusion of both diabasic and alkalic
magma. Such an idea is in accord with the suggestion made by
Wherry * that the hydrothermal solutions by which the gneisses
were crocidolitized originated in the Triassic diabase magma. The

® Wherry, E. T., and Shannon, E. V., Crocidolite from eastern Pennsylvania : Washington
Acad. Sci. Jour., vol. 12, pp. 242-244, 1922,

10 Jonas, A. 1., Pre-Cambrian and Triassic diabase in eastern Pennsylvania: Am. Mus.
Nat. Hist. Bull.,,.vol. 37, pp. 173-181, 1917.
. 1 Wherry, E. T., and Shannon, E. V., op. cit.,, p. 244.
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crystalline schists of the Reading and Durham Hills and the associ-

_ated igneous complex are unconformably overlain by a slightly

altered series of Paleozoic sediments. Evidence of the unconformity
is afforded by the discordance in structure between the Paleozoic
and the pre-Cambrian rocks and by the presence in the basal Cam-
brian beds of reworked material derived from the underlying igneous
rocks.

GEOLOGY OF CATOCTIN-SOUTH MOUNTAIN

The pre-Cambrian crystalline rocks of the New York and New
Jersey Highlands and of the Reading and Durham Hills, as far
south as the South Mountain in Lebanon County, Pa., form a con-
tinuous belt with similar lithologic character. There is a distinct
topographic break west and southwest of this South Mountain in
Lebanon-Berks County, where the rugged hills of crystalline schist
are replaced by the limestone lowland and rolling shale hills of the
Lebanon-Cumberland Valley. South of Carlisle, where the Appa-
lachian Mountains reappear in the South Mountain-Catoctin Moun-
tain ridges of southern Pennsylvania and Maryland, the pre-Cam-
brian core of the range is quite different in lithologic character from
the crystalline core of the Reading and Durham Hills. In Catoctin
Mountain and South Mountain a series of devitrified rhyolites and -
epidotized basaltic flows!* intruded by granite are overlain uncon-
formably by Cambrian sedimentary rocks that show pebbles of the
underlying lava in the basal conglomerate.'?

Up to the present time it has been impossible to establish any
geologic relationship between the lavas and the plutonic intru-
sions of the Reading Hills. Recent work in the pre-Cambrian stra-
tigraphy of the adjoining Piedmont Province, however, has fur-
nished some suggestions concerning possible correlation, which will
be presented in the following pages.

PIEDMONT PROVINCE

The rugged hill country of the Appalachian Mountain belt slopes
rapidly downward for about 1,500 feet to the level of the Piedmont
province, which extends eastward ifor 30 miles to the western margin
of the Coastal Plain. The boundary between the Piedmont province
and Coastal Plain runs through New Jersey from Perth Amboy
southwestward to Trenton; south of this point it follows Delaware
River through Philadelphia southwestward to Wilmington, thence

12 Keith, Arthur, Geology of the Catoctin belt: U. S. Geol. Survey Fourteenth Ann. Rept.,
pt. 2, pp. 285-395, 1894. Bascom, F'., The ancient volcanic rocks of South Mountain, Pa.:
U. S. Geol. Survey Bull. 136, 1896.

12 Bascom, F., op. cit., p. 28.
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through Elkton, Havre de Grace, and Baltimore to Washington.
This boundary is really a border zone, which is known as the “fall
line ” because here the stream courses are turbulent and full of rapids.
The extreme width of the Piedmont province is 120 miles; its mean
width is 60 miles. Its general slope is eastward and southeastward.
In New Jersey it slopes from 400 feet above sea level at the western
margin to an altitude at the margin of the Coastal Plain which ranges
from 100 feet on Delaware River to sea level on Newark Bay. Be-
tween Susquehanna and Delaware Rivers the higher summits of the
Piedmont province attain an altitude of 1,100 feet in Welsh Mountain
and slope down to about 300 feet near the fall line. The Piedmont
province rises to its culminating point in South Carolina and Georgia,
where it has an altitude of 1,800 to 1,900 feet along the base of the
Blue Ridge.

GENERAL GEOLOGY OF THE PIEDMONT PROVINCE IN PENNSYLVANIA

The Piedmont province is divided into the Triassic Lowland and
the Piedmont Upland. In Pennsylvania the Triassic deposits were
laid down in a basin that now extends westward and southwestward
along the northwestern edge of the province. The Triassic Lowland
ranges in width from 40 miles at Delaware River to 4 miles near
Cornwall. The Triassic shales and sandstones, dipping gently west-
ward, form a rolling surface diversified by rugged hills of conglom-
erate and by rounded knoblike hills and long, curving ridges of
diabase and indurated sediments that rise to 1,200 and 1,300 feet on
both sides of Susquehanna River.

Southeast of the Triassic area maturely-dissected hills with a
maximum altitude of 900 to 1,080 feet form the gentle topography of
the Piedmont Upland. The country is well dissected by streams that
flow in broad valleys having composite slopes. The interstream
areas are flat-topped hills, which are remnants of partial peneplains
not entirely removed by erosion since their formation. The shape of
the hills is largely dependent on the character of the underlying rocks.

The Piedmont Upland is underlain by crystalline schists and less
altered slates, phyllites, and limestones. Crystalline schists and
gneisses, including a few areas of marble, form the easternmost belt
of the upland from Trenton, N. J., southward to Washington. For
a large part of the westernmost belt the term “upland ” is really a
misnomer, inasmuch as this part is occupied by a rolling plain of low
relief. This plain, which is underlain chiefly by limestones and
dolomites, is known as the Lancaster, York, and Hanover Valleys in
Pennsylvania and the Frederick Valley in Maryland. It has a wide
range in width from a maximum of 20 miles in the vicinity of Lan-
caster to a minimum of 1 mile on Potomac River near Frederick.
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Southeast of Lancaster, in the vicinity of Quarryville, the valley cuts
across the northeastward trend of the schist hills and continues
through the middle of the Piedmont Upland in a narrow depression
known as Chester Valley, which 8 miles north of Philadelphia
merges into the wide plain of the Triassic Lowland. The area of the
Lancaster and York Valleys is interspersed by several anticlinal
ridges underlain for the most part by phyllites and quartzites.

Post-Triassic sediments overlap the margin of the Piedmont prov-
ince and occur in residual patches upon its surface. These sediments
are unconsolidated deposits of sand, marl, and gravel that have been
gently tilted southeastward. They range in age from Lower
Cretaceous to Quaternary.

GEOLOGY OF THE PIEDMONT UPLAND IN MARYLAND

During a study of the crystalline rocks in Baltimore County, Md.,
and of their northeastward extension in Pennsylvania, begun in 1919,
the writers have established the stratigraphic succession shown in
Figure 3 for the pre-Cambrian crystalline schists of the eastern borde1
of the Piedmont pr ovince in Maryland.

Baltimore gneiss—The oldest rock of the region is the Baltimore
gneiss, a hght-colored thoroughly recrystallized rock of sedimentary
origin, which is in some places a thickly bedded gneiss of granitic
aspect and in others a thinly banded ribbon gneiss. The deep-seated
nature of the metamorphism that has produced the foliation is shown
by the granoblastic texture and by the nature of the constituent
minerals. The gneiss is composed dominantly of quartz, oligoclase,
microcline, and biotite. (Garnet and tourmaline are characteristic
accessories. The sedimentary origin of the gneiss is shown in the
field by the distinct and persistent even bedding, which can be traced
in some quarries completely across the outcrop, for 100 feet or more.
Study of thin sections indicates that recrystallization is complete
and no trace of original sedimentary texture has been’ preserved.
Many of the zircons occur in well-worn, rounded grains that are
indicative of water-borne material. This criterion, however, must
be used with considerable caution, because it is possible that zircon
in igneous rocks may be rounded by magmatic corrosion. The Balti-
more gneiss has been intruded by a granite that has produced a
lit-par-lit injection in the upper part of the formation.

@lenarm series—Unconformably overlying the Baltimore gneiss
is a series of later pre-Cambrian sediments termed the Glenarm
series, from its typical development near Glenarm, 18 miles northeast
of Baltimore. The United States Geological Survey classifies the
Baltimore gneiss as Archean and the Glenarm series as Algonkian,
though in the writers’ opinion there is lack of adequate evidence that
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Ficurp 38.—Columnar section showing crystalline schists and sedimentary
rocks of the McCalls Ferry-Quarryville district and adjoining region in
Maryland and some of the igneous intrusions
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they are the precise equivalents of rocks referred to these systems
in other regions.

The Glenarm series comprises the Setters formation, the Cockeys-
ville marble, the Wissahickon formation, the Peters Creek schist,
the Cardiff conglomerate, and the Peach Bottom slate. The total
thickness of the series probably amounts to 8,000 or 10,000 feet,
although no accurate estimate can be made, for the middle formations
have been repeated by close folding. In some places the Wissa-
hickon formation lies directly upon the eroded surface of the
Baltimore gneiss, owing to the fact that the earlier formations of
the series are overlapping shore deposits. So far as now known the
deposition of Glenarm sediments was continuous and not interrupted
by erosion or by orogenic deformation.

Only the upper formations of the Glenarm series are exposed in
the McCalls Ferry-Quarryville district, but a brief description of
the lower Glenarm section as established in Baltimore County is
introduced here in order to make clear the stratigr aphlc relations of
the whole series.

The basal formation is the Setters, which overlies the Baltimore
gneiss unconformably but with no basal conglomerate. Williams *
considered that the basal schist of the Setters formation was really a
transition bed between the Baltimore gneiss and the overlying for-
mation, but recently it has proved possible to establish the uncon-
formity by several facts. A structural discordance between the two
formations can be recognized, the divergence in average strike
amounting to 20°. There is more evidence of deformation in the
Baltlmore gneiss than in the Setters formation, even though the
members of the gneiss are more resistant to deformation than the
argillaceous layers of the Setters. Moreover, the Setters is irregular
in thickness and in some places is entirely lacking, so that the
Cockeysville marble overlaps the Setters deposits and lies directly
upon the Baltimore gneiss. In the absence of positive evidence of
erosion, it seems likely that the irregular thickness of the Setters
formation and of the Cockeysville marble is due to transgression
rather than to erosion. The Setters formation is composed of mica
gneiss and mica schist with an intercalated quartzite member. The
maximum thickness measured is 1,000 feet. The whole formation
has been thoroughly lecrystalhzed in the lowermost zone of meta-
morphism, with the production of deep-seated minerals such as
garnet and biotite. Tourmaline is an abundant and characteristic
accessory constituent, which is undoubtedly of pneumatolytic origin
and associated with a granite known as the Gunpowder granite,
which has invaded the Baltimore gneiss and the overlying Glenarm

1 Williams, G. H., Geology of Baltimore and vicinity (extract from the Guidebook of
Baltimore prepared for the American Institute of Mining Engineers), February, 1892.
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series. The Setters formation is characterized by an unusually high
content of potash which has crystallized as microcline and muscovite,
indicating that the original sediment was a mud or sand high in
potash feldspar and white mica.

The Cockeysville marble consists of alternating dolomitic and
calcitic layers. It overlaps the Setters formation and Baltimore
gneiss and grades through a calcareous mica schist into the over-
lying Wissahickon formation. Its probable thickness is 400 feet.
The Wissahickon formation occurs in two metamorphic facies—an
oligoclase-mica schist and an albite-chlorite schist. The oligoclase-
mica schist facies is well developed in the vicinity of Baltimore. It
is lithologically similar to the Setters, but the quartzite beds are less
conspicuous than those in the Setters because they are thinner and
more evenly distributed throughout the formation, whereas in the
Setters the quartzite is chiefly confined to the middle member. - The
Wissahickon differs from the Setters also in its lower content of
potash, which has caused oligoclase rather than microcline to be the
dominant feldspar. The Wissahickon oligoclase-mica schist is a
series of thoroughly recrystallized sediments that have been meta-
morphosed under deep-seated conditions with the production of
garnetiferous muscovite-biotite schists, staurolite and kyanite schists,
and biotite-plagioclase gneiss. In some places tourmaline is abund-
antly developed.

In northern Baltimore County, Md., and in the southern part of
York and Lancaster Counties, Pa., metamorphism under different
conditions has resulted in the formation of an albite schist that is
considered to be the stratigraphic equivalent of the Wissahickon
oligoclase-mica schist, the difference in mineral constituents being
caused by metamorphism of moderate intensity "in contrast to the
intense metamorphism of the oligoclase-mica schist.

The stratigraphic relations of the Wissahickon albite schist and
the upper formation of the Glenarm series to the underlying and
overlying rocks have been established mainly by work in the McCalls
Ferry-Quarryville district. Their lithologic character and strati-
graphic relations are described in detail in the following section.

,. GEOLOGY OF THE McCALLS FERRY-QUARRYVILLE DISTRICT

PRE-CAMBRIAN ROCKS OF SEDIMENTARY ORIGIN
PRE-GLENARM ROCKS OF THE MINE RIDGE UPLAND
BALTIMORE GNEISS

North of Chester Valley an upland known as the Honeybrook
upland extends from Valley Forge, on Schuylkill River, southwest-
ward for a distance of 40 miles. The surface of this upland trun-
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cates a wide anticlinal arch that ends in several westward-pitching
anticlinal folds. These anticlines underlie three elongated hills—
Welsh Mountam, Barren Hill, and the Mine Ridge upland. The
Mine Ridge upland has been studied in detail by the writers, but
the results are unsatisfactory, owing to the unusual scarcity of out-
crops, exceptional even in a region that has long been the bane of
geologists on account of its deep, fertile soil and intensive cultiva-
tion. The only places where more than isolated outcrops are avail-
able for study are sections exposed in rock cuts along the railroads
that cross the upland in three places. These three sections are (1)
that between Christiana and Gap on the main line of the Penn-
sylvania System between Philadelphia and Harrisburg; (2) that
between Coatesville and Brandywine Manor on the Wilmington
division of the Philadelphia & Reading Railroad; (3) that north of
Downingtown on the New Holland branch of the Pennsylvania
Railroad.

A gneiss of sedimentary origin occurs in the core of the Mine
Ridge upland below the Cambrian gneisses, quartzites, and schists
that flank the uplift. Metamorphism has completely altered both
Paleozoic and pre-Paleozoic sediments into highly crystalline schists
and gneisses, in which the schistosity is so well marked that it has
more or less obliterated original structural differences. But the
unconformity between the Cambrian rocks and the underlying gneiss
is well marked on the Philadelphia & Reading Railroad 1 mile north
of Coatesville, where the Cambrian schists and quartzites dip south-
ward over the northward-dipping pre-Cambrian schists and gneisses.
Additional evidence of unconformity consists in the constant repeti-
tion of layers of hornblende schist or amphibolite in the underlying
gneiss, combined with the absence of all such interlayered amphib-
olites in the Cambrian sediments.

The upper beds of the pre-Cambrian sedimentary series are biotite- -
albite schists. The writers have so far never succeeded in finding
in this district an exposure showing the actual contact of pre-Cambrian
and Cambrian rocks. Four miles northeast of Christiana and about
700 feet south of the Steprock quarry, in Cambrian quartzite, the
rock that lies within a few feet beneath Cambrian schists is a gray
finely banded biotite schist in which numerous narrow layers of
light-colored granitic rock suggest an injection of a highly biotitic
schist by a granitic magma.

A succession of quartzose and biotitic gneisses, in many places
graphitic, underlies the biotite-albite schist. These rocks are inter-
laminated with fine-grained biotitic hornblende schists and amphibo-
lites that appear to be dynamically altered basic sills or flows,

6136—29——3
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although the formation of uralite is so complete that the original
character of the rock can not be determined. The amphibolites and
interlayered sediments are intruded by a light-colored rock of
granitic texture that contains much saussuritized feldspar. The
light-colored rock in many places near the upper. part of the pre-
Cambrian section is injected into the sedimentary series and the
amphibolites, forming a banded lit-par-lit injection zone.

The biotite-albite schists are distinctly foliated rocks, composed of
quartz, albite, biotite, and muscovite, with strong parallel dimen-
sionalism. These constituents surround numerous lenticular areas
of albite or albite and quartz. It is not easy to decide whether the
rock was produced by the recrystallization of an original arkosic
sandstone or by the injection of a monzonitic magma into a shaly
sediment followed by strong metamorphism of the mixed rock. The
albite, which is nearly pure (about Ab,;An;) is crowded with fairly
coarse inclusions of muscovite, biotite, and quartz. The whole rock
shows a strong dynamic deformation superimposed upon an original
crystalloblastic texture.

The quartzose and biotitic gneisses that underlie the biotite-albite
schists are strongly foliated rocks in which layers of sutured quartz
alternate with bands of biotite and muscovite. The crystalloblastic
texture and the development of garnet, epidote, and biotite indicate
a recrystallization under deep-seated conditions. TUndulatory ex-
tinction and granulation of quartz show a cataclastic deformation
subsequent to the recrystallization. .

Arkosic beds of the pre-Cambrian gneissic series contain a con-
siderable amount of plagioclase filled with muscovite and zoisite.
The species of the plagioclase could not be accurately determined in
the three sections studied, but the index and birefringence indicate
the composition of a sodic oligoclase or albite.

As yet it is impossible to make a conclusive correlation between
the Baltimore gneiss of the type locality in Baltimore, Md., and
the pre-Cambrian gneiss of the Mine Ridge uplift, but the existing
evidence seems to justify the belief that the core of Mine Ridge
anticline is of pre-Glenarm age. About 12 miles southeast of Coates-
ville, between Pocopson and Chadds Ford, Brandywine Creek cuts
through the Avondale-Kennett anticline, which exposes a quartzose
biotite gneiss in the core and injection gneisses on the flank. The
anticline is in the same line of strike as the anticlinal uplift of
Baltimore gneiss north of Baltimore, Md., and the rocks of the
anticline in Pennsylvania recall by their lithology the Baltimore
gneiss of Maryland with its accompanying injection zone. More-
over, the sedimentary series on the flanks of the Avondale-Kennett
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uplift resembles in lithology and thickness the members of the Glen-
arm series in Maryland. The lowest formation overlying the biotite
gneiss is a series of mica schists, mica gneisses, and quartzites of
variable thickness, ranging from a few feet to at least 800 feet.
It is overlain by crystalline marbles, also of variable thickness, and
these in turn are overlain by garnetiferous mica schists and more or
less quartzose mica gneisses.

Hawkins® is of the opinion that the sedimentary series which
flanks the Avondale-Kennett anticline around Avondale is of the
same age as the sedimentary series of Chester Valley. He bases
his opinion on the belief that “ the sedimentary succession and thick-
ness of the various members in the Avondale series?® are closely
similar to those of the sedimentary series of accepted Cambro-
Ordovician age in the adjacent Chester Valley,” which he describes
as a “basal quartzite followed by blue crystalline limestone, overlain
by phyllite, all apparently conformable,” and also on the belief that
the apparent dissimilarity between the two series is the result of a
regional contact metamorphism exerted by “a large buried intrusive
mass below, whose roof cover has not yet been removed by erosion
and which has but barely reached in its metamorphic action the
series of the Chester Valley.” In the first statement Hawkins makes
the error of comparing the section of the sedimentary series at
Avondale, not with the complete Paleozoic section around the Mine
Ridge upland and northward, but with the incomplete section west
of Coatesville, where a post-Beekmantown unconformity ** has re-
moved a considerable thickness of Cambrian and Lower Ordovician
beds. As a result he ignores the fact that the full sequence of the
Paleozoic sedimentary formations in the Chester Valley-Mine Ridge
upland section is entirely different from that of the sedimentary
series at Avondale, even if we accept his own estimate as to the
thickness and structure of the latter series. For purposes of com-
parison two stratigraphic sections are given below; the first shows
the section for the Glenarm series near Avondale, and the second
shows the section for the sedimentary series in the vicinity of the
Mine Ridge upland, as determined by the work of Stose, Jonas, and
Knopf.

18 Hawkins, A. C., Alternative interpretations of some crystalllne schists In southeastern
Pennsylvania : Am. Jour. Sci., 5th ser., vol. 7, pp. 365-364, 1924,

8 ¢“Ayondale serles " is used to denote ‘ the Glenarm sedimentary series in the vicinity
of Avondale, Chester County, Pa.”

17 Stose, G. W., and Jonas, A. 1., Ordovician overlap in the Piedmont province of Penn-
sylvania and Maryland : Geol. Soc. America Bull., vol. 34, pp. 507-524, 1928.
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Sections near Avondale and Mine Ridge amticline

Pre-Cambrian Glenarm series of Avondale| Paleozoic succession of Mine Ridge upland and northward»

'
Formation Tl(lffgl)"iss Tl?ftélé‘x:l)ess Formation Age

Wissahickon schist (correlated (" | 1,0004 | Cocalico shale.
by Hawkins ¢ with Ordovi- Unconformity.
cian phyllite). -

5004 | Conestoga limestone. Ordovician.

Unconformity.

2,000+ | Beekmantown limestone.

9004- | Conococheague limestone. Upper Cambrian.

Marble ... 600 5004- | Elbrook dolomite. Middle Cambrian.
Unconformity.

1,000 | Ledger dolomite.
150 Kinzers formation.
600-0 | Vintage dolomite.

1, 500 {Antletam schist. . . .

! Harpers schist. Lower Cambrian.

Quartzite_ ... ... 1,200-0 5004 | Chickies quartzite, mcluding

Hellam conglomerate mem-

ber (160 feet) at base.

« Knopf, E. B., and Jonas, A. I, Stratigraphy of the crystalline schists of Pennsylvania and Maryland:
Am, Jour. Sci., 5th ser., vol. 5, pp. 40-62, 1923.

b Hawkins, A. C., ‘Alternative mterpretatlons of some crystalline schists in southeastern Pennsylvania:
Am. Jour. Sci., 5th ser vol. 7, p. 367, 1924.

<Idem, p. 363.

The series around Avondale is a continuous stratigraphic sequence
with no evidence of unconformity between the individual forma-
tions, although the younger deposits overlap the older in some places
owing to the irregularity in deposition of the quartzite and the lime-
stone. Thus in some places the marble overlies the Baltimore gneiss
diréctly, and in others the Wissahickon formation overlies the Balti-
more gneiss. The highly garnetiferous schist beds of the Wissa-
hickon that overlie the Baltimore gneiss on the north flank of the
Avondale-Kennett anticline are apparently the same beds that over-
lie the marble at all places where the contact between the marble
and the Wissahickon formation is exposed. This suggests that the
relation between the Wissahickon and the Baltimore gneiss where
the marble and quartzite are absent is an overlap rather than a
fault. The same irregularity in deposition of Cockeysville marble
and Setters formation is seen in Maryland on the flanks of the
Phoenix anticline in Baltimore County, where the Wissahickon
overlies in some places the Cockeysville marble, in some the Setters
formation, and in some the Baltimore gneiss.

Around the Mine Ridge upland, on the other hand, there is a
marked unconformity,’® as a result of which the Conestoga lime-
stone, probably of Chazy age, overlies Lower Cambrian dolomites
and quartzites. North and west of Coatesville the Conestoga lime-
stone overlies the Lower Cambrian Harpers schist, but east of

15 Stose, G. W., and Jonas, A. I., Ordovician overlap in the Piedmont province of Penn-
sylvania and Maryland : Geol. Soc. America Bull., vol. 34, pp. 507-524, 1923.

PP

U S

——

—



e — g

PRE-OAMBRIAN ROCKS 23

Coatesville the Conestoga limestone overlies the Upper Cambrian
Conococheague limestone.*

If the marble at Avondale is the equivalent of the fossiliferous
Vintage dolomite, which normally overlies the Lower Cambrian
arenaceous and argillaceous rocks, the Wissahickon formation might
be considered the stratigraphic equivalent of the Cocalico shale,
which in the area north of Lancaster Valley overlies the Beekman-
town limestone.?® But the Vintage dolomite everywhere rests upon
the Lower Cambrian arenaceous and argillaceous rocks and nowhere
lies directly upon the Baltimore gneiss. Moreover, the aggregate
thickness of the Wissahickon formation and the Peters Creek schist
as exposed along Susquehanna River must be 8,000 to 10,000 feet,
whereas the total thickness of all the Ordovician argillaceous sedi-
ments exposed south of Blue Mountain is probably of an order of
magnitude of only 3,000 feet.

Nor could the marble at Avondale be explained as Conestoga lime-
stone overlying Harpers schist, because although the absence of
about 5,000 feet of calcareous sediments under the Conestoga and
above the Harpers might be explained, as it is north and west of
Coatesville, by erosion before the Conestoga was deposited, it is not
so easy to explain the absence both of the Conestoga itself and of
the Harpers schist in those places where the Wissahickon directly
overlies the Baltimore. Nor is it easy to explain why the Cocalico
shale, which nowhere overlies the Conestoga limestone north of
Chester Valley, should overlie it around Avondale. Therefore “ the
sedimentary succession and thickness of the various members in the
Avondale series ” are not, as asserted by Hawkins, “ closely similar
to those of the sedimentary series of accepted Cambro-Ordovician
age in the adjacent Chester Valley.”

In the second statement concerning the metamorphic effects of
a large buried intrusive mass, which has altered the series at Avon-
dale but which has barely affected the series in Chester Valley,
Hawkins ignores the fact that the Paleozoic rocks in the vicinity
of the Mine Ridge upland are themselves highly metamorphosed and
in that respect are strictly comparable to the rocks of the Glenarm
series. The degree of metamorphism attained by the micaceous mar-
bles of the Quarryville and Chester Valleysis analogous to that of the

.Cockeysville marble near Avondale. Therefore the dissimilarity be-

tween the two series can not be explained by a weakening of meta-
morphic action in the rocks of Chester Valley. The Paleozoic schists,
quartzites, and marbles are cut by granitic intrusions, indicated by
extensive pegmatitization, thus showing that there was igneous

1 Stose, G. W., and Jonas, A. 1, op. cit., p. 518.
20 Idem, p. 521.
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activity in the Paleozoic era, but the interlayered amphibolites that
are characteristic of the pre-Cambrian core of the Mine Ridge upland
occur throughout both the Glenarm series and the underlying Balti-
more gneiss near Avondale and are absent in the Paleozoic sediments
that flank the Mine Ridge upland. It seems evident, therefore, that
the post-Glenarm basic intrusions must have been intruded prior to
the deposition of the sediments flanking the Mine Ridge upland,
because the amphibolitic layers occur with striking regularity and
persistence interlaminated in the pre-Cambrian core of the Mine
Ridge upland within a few feet of the base of the Cambrian. There
is strong evidence for the pre-Cambrian age of the recrystallized
sedimentary series near Avondale, which is stratigraphically con-
tinuous with the Glenarm series that underlies the basal Cambrian
sediments in the western Piedmont belt of Maryland,® and it is
reasonable to correlate the pre-Glenarm core of the Avondale-Kennett
anticline with the Baltimore gneiss of Maryland.

The stratigraphic equivalence of the core of the Mine Ridge uplift
and the Baltimore gneiss in the Avondale-Kennett anticline is diffi-
cult to prove because of the absence of the Glenarm series underlying
the Paleozoic section on the flanks of the Mine Ridge upland. How-
ever, the pre-Cambrian sedimentary formations in the Mine Ridge
anticline are strikingly similar in lithology to the Baltimore gneiss
in the Avondale-Kennett anticline. '‘About a mile north of Chadds
Ford there is interwelded within the Baltimore gneiss a lentil of
graphitic marble that is identical in structure and lithology with the
lenticular areas of Franklin limestone which are in many places inter-
bedded with the graphitic mica schists in the northeastward exten-
sion of the Mine Ridge upland known as the Honeybrook upland and
in the graphitic schists of the Reading and Durham Hills and New
Jersey Highlands. Therefore, it seems reasonable to assume that
the metamorphosed sediments in the Mine Ridge upland are the
equivalent of the Baltimore gneiss in the Avondale-Kennett anti-
cline and are thus of pre-Glenarm age.

GLENARM SERIES IN PENNSYLVANIA

The oligoclase-mica schist facies of the Wissahickon formation,
which overlies the Setters formation in Maryland, dips northwest on
the northern flank of the Phoenix anticline north of Baltimore and
passes under the Peters Creek schist. The Peters Creek schist under-
lies in apparent conformity Cardiff conglomerate and Peach Bottom
slate in a tightly compressed syncline known as the Peach Bottom
syncline. The Cardiff conglomerate and Peach Bottom slate crop

7 Jonas, A. 1., Pre-Cambrian rocks of the western Piedmont of Maryland: Geol. Soc.
America Bull, vol. 35, pp. 355364, 1924.
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out in an area in the center of the syncline 18 miles long and half a
mile to a mile in width, which extends from northern Maryland into
southern Pennsylvania. The cleavage of the slate in the trough of
the syncline is nearly vertical and is so strongly developed that the
bedding is obscure. But it is possible to show that the bedding is
parallel to the cleavage on the southeast limb of the fold, where the
slate, for a distance of 100 feet, is clearly seen to be interbedded with
the conglomerate. Farther northwest along Susquehanna River the
Peters Creek schist forms the northwest limb of this compressed
syncline and conformably overlies a wide anticline of albite-chlorite
schist which appears from its position to be the stratigraphic equiva-
lent of the Wissahickon oligoclase-mica schist that adjoins the Peters
Creek schist on the southeast in Maryland.

‘COCKEYSVILLE MARBLE

About 1 mile south of Chanceford, York County, there is a small
valley underlain by marble, which crops out only in a few isolated
boulders. It is a coarsely crystalline micaceous marble with a con-
siderable admixture of epidote that imparts a greenish color to the
rock. No structure is discernible in the marble outcrops, but the
rock shows a lithologic resemblance to the Cockeysville marble,
which underlies the Wissahickon albite-chlorite schist farther south-
west, in Carroll and Frederick Counties, Md. The Chanceford oc-
currence lies along the northern fold of the Mine Ridge-Tucquan
anticline and is probably an anticline of Cockeysville marble exposed
by the erosion of overlying Wissahickon albite-chlorite schist.

WISSAHICKON' FORMATION

Oligoclase-mica schist facies—The southern facies of the Wissa-
hickon formation, which is characterized by strong intensity of met-
amorphism, occurs only in a small area in the extreme southeast
corner of the McCalls Ferry-Quarryville district. It is well de-
veloped to the east and northeast of the district, along the eastern
boundary of the Piedmont province northeastward to Trenton, N. J.,
and was named by Bascom from its fine exposure along the banks of
Wissahickon Creek in Philadelphia. In the small area of oligoclase-
mica schist in the McCalls Ferry-Quarryville district outcrops of
fresh rock are almost lacking. A few isolated exposures show the
typical fine-grained “ pepper and salt ” biotite gneiss and the white
quartzite of the strongly metamorphosed facies. The mica schist
beds, dominantly composed of biotite and muscovite, are almost en-
tirely lacking in fresh outcrop, but their presence is indicated by the
characteristic soil derived from the mica schist, a deep, unctuous
clay, sparkling brilliantly with numerous minute flakes of mica.
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The gneissic layers are intensely metamorphosed, consisting chiefly
of quartz, biotite, and plagioclase, with some orthoclase. The plagio-
clase is oligoclase (Ab,,An,). Coarse-grained layers in which
quartz predominates alternate with fine-grained layers made up of
biotite, plagioclase, and small interlocking grains of interstitial
quartz. Strain shadows in the quartz indicate a certain amount of
deformation subsequent to the recrystallization, but the rock in this
area does not show the strong cataclastic action that has affected
- the Wissahickon formation south of Chadds Ford, 20 miles farther
east. Characteristic accessories are garnet, apatite, zircon, and mag-
netite. Many of the garnets are poikilitic porphyroblasts containing
quartz inclusions; where the garnets have been broken the fragments
are healed by secondary quartz.

The quartzitic layers crop out about half a mile south of Tweedale,
on the road that follows the left bank of Tweed Creek, where the
rock is composed chiefly of recrystallized quartz, a little fine-grained
biotite, and a small amount of feldspar.

The mica schist beds of the Wissahickon are finely plicated and
coarse to medium grained. Biotite, muscovite, and quartz are domi-
nant, associated with a variable content of oligoclase. The mica
occurs in large blades that spangle the cleavage surfaces and wrap
around lenticular areas of quartz or large pink garnets, some of which
attain half an inch in diameter. Under the-microscope the blades
of mica are seen to be much twisted and frayed. The garnet is
asually very abundant, standing out in knobs upon the cleavage sur-
face of the weathered rock. In Maryland a notable feature of the
mica schist is the abundant development of staurolite and kyanite.
The rapid alternation of beds in the deposits that make up the
Wissahickon formation makes it impossible to establish any bed as
a key horizon. Although in numerous localities the garnetiferous
schist overlies the Cockeysville marble, the lithologic variation is
so great that the absence of garnetiferous schist over the marble can
not be considered an evidence of faulting. In the gneissic and scnist-
ose members of the Wissahickon there is a well-marked foliation that
is parallel to the bedding, accompanied by a secondary strain-slip
cleavage that is parallel to the drag folds.

The oligoclase-mica schist shows, by its complete recrystallization
and by its content of such minerals as garnet, staurolite, kyanite, and
sillimanite, that the present condition has been developed by meta-
morphic agencies characteristic of a deep-seated zone. That the
original material was a sediment may be inferred from the hetero-
geneous character of the formation and the presence of abundant
rounded grains of zircon, suggestive of waterworn grains; from the
occurrence of mineral high in alumina, such as staurolite, kyanite,
and sillimanite; and from the lack of correspondence between the
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chemical composition of the rock and any known igneous type. The
development of tourmaline along a certain well-defined zone indicates
that the rock has been subjected to pneumatolytic action subsequent
to its deep-seated metamorphism, and this conclusion is supported by
the large amount of secondary quartz that penetrates the Wissahickon
formation in lenses and stringers. The undulatory extinction in the
quartz and feldspar is the effect of a stress to which the rock has
beén subjected subsequent to the formation of its metamorphic
minerals. ! '

Diaphthoritic schists—In the vicinity of Octoraro Creek below the
confluence of the East and West Branches there are several out-
crops of a peculiar schist that indicates diaphthoritic metamorphism.*

~ On Black Run, 1% miles east of its confluence with Octoraro Creek,

there is a fine example of such a diaphthorite. The rock is a garnet-
iferous schist, in many vespects identical with the typical gar-
netiferous mica schist of the Wissahickon. However, in this rock
the biotite of the typical deep-seated schist has been partly replaced
by chlorite. The chlorite fibers are intimately intertwined and show
in places remnants of the original brown color and polarization of
biotite. Associated with the chlorite is a large amount of iron oxide
liberated from the original biotite during the formation of chlorite.
Another instance of the breaking down of a mineral formed under
decp-seated conditions is seen in the garnet porphyroblasts, which are
surrounded by rims of chlorite, showing that the chemical constit-
uents of the garnet have adapted themselves to new conditions of
metamorphism by the formation of chlorite, which is stable under
the new environments. Such diaphthorites have hitherto been de-
scribed only in Europe, where they occur in the lower part of the
overriding block in areas of overthrusting. They are called by
Suess?* “deep-seated diaphthorites,” because the retrogression in
metamorphism induced by friction along the fault plane has taken
place under deep-seated conditions. In this connection it is sig-
nificant that three specimens of a cataclastic rock collected near
Glenroy suggest a mylonitized quartz conglomerate by the presence
of large lenticular areas of granulated quartz in a matrix of
chlorite, muscovite, quartz, a little biotite, and abundant iron oxide.
The southwestward extension of the diaphthoritic zone is inter-

rupted by igneous masses that are of wide extent in the vicinity

2 Diaphthorite is a term that was introduced by Becke to describe a schist that has
been recrystallized under deep-seated conditions and later carried into an upper tectonic
zone, where it has undergone a reversal of metamorphism, indicated by certaln new min-
erals that are characteristic of the upper zone of metamorphism and that have been
formed at the expense of ‘the heavier minerals of the deep-seated zone. Becke, F., Uber
Diaphthorite : Min, pet: Mitt.,, Band 28, pp. 369-375, 1909.

2 Suess, F. E., Moravische Fenster: K. Akad., Wiss. Wien, Math.-naturwiss. Klasse,
Anzeiger, Jahrgang 47, pp. 428432, 1910. - :
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of the Maryland-Pennsylvania State line. The diaphthorite can
not be traced in these igneous rocks, but still farther south, in Cecil
County, Md., along Basin Run 1 mile south of Liberty Grove,
Grimsley * and Bascom 25 have found what is apparently the reap-
pearance of the Pennsylvania diaphthorites. The rock here is a
garnetiferous-staurolite mica schist in which the garnets have partly
altered to chlorite and the staurolite has almost entirely altered to
muscovite, One mile southeast of Liberty Grove E. B. Knopf has
found a brecciated rock in which numerous fragments of biotite
schist and biotitic quartzite 1 to 2 inches in length stand out upon
the weathered surface in long prismoids that are arranged roughly
parallel to the plications of the schistose matrix. The rock is thickly
studded with garnets and is penetrated by quartz veinlets.

East of the Quarryville district, in the West Chester quadrangle,
Knopf has found a narrow belt of mylonitized schists, which are
dense, schistose dark-colored rocks interleaved with paper-thin layers
and elongated lenses of feldspathic material. The rock occurs near
the contact between Baltimore gneiss and Wissahickon formation
on the southern flank of the Avondale-Kennett uplift. The Wissa-
hickon formation for at least a mile southward from the belt of
mylonitization is ‘a highly cataclastic, sillimanite-bearing oligoclase-
biotite schist filled with lenses and stringers of pink granite material.
The features described suggest strong mechanical deformation by
which a biotite schist injected with granitic material was first mashed
and finally rolled out so that the original constituents have been
pulverized. Although the inference is strong that the presence of
these diaphthoritic schists indicates a zone of overthrusting, it has
so far been impossible to establish the overthrust by any other
evidence.

Albite-chlorite schist facies—The albite-chlorite schist facies of the
Wissahickon formation is widespread on the northwest side of the
Peach Bottom syncline, where it underlies almost half of the McCalls
Ferry quadrangle. It is particularly well exposed along Susque-
hanna River, where the steep river gorge is cut into rugged, heavily
wooded cliffs of albite schist for almost 17 miles between Turkey
Hill and Fites Eddy. As in the southern oligoclase-mica schist
facies of the Wissahickon, individual beds vary widely in litho-
logic character. The formation as a whole comprises a porphyro-
blastic feldspathic type and a micaceous schistose type, with a subor-
dinate amount of quartzose gneiss in both types.

The first type, which is in some places massive and almost igneous
in appearance, is characterized by poikilitic metacrysts of albite,

% Grimsley, G. P., The granites of Cecil County, in northeastern Maryland: Cincinnatl
Soc. Nat. Hist. Jour., vol. 17, pp. 66-67, 1894,

2% Bascom, F., The crystalline rocks of Cecil County: Maryland Geol. Survey, Cecil
County, p. 115, 1902.
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embedded in a schistose matrix that is made up of chlorite and mus-
covite in varying proportion. The lower beds exposed in the core of
the anticline between Safe Harbor and McCalls Ferry contain much
biotite in deep-brown, strongly pleochroic individuals, some of which
are intergrown with chlorite. The chlorite is a grass-green, strongly
pleochroic clinochlore, and clinochlore, biotite, and muscovite alike
contain numerous fine pleochroic haloes surrounding inclusions of
zircon. The albite metacrysts are dull white to pinkish, some are as
large as 10 millimeters in diameter, and they are most conspicuous on
rough surfaces normal to the plane of schistosity. They occur in
subhedral or anhedral individuals with ragged boundaries and com-
monly show Carlsbad twins, rarely polysynthetic twinning. They
inclose poikilitically numerous rather large inclusions of garnet,
epidote, magnetite, biotite, muscovite, calcite, and rarely tourmaline.
The inclusions generally show a certain alinement, which is parallel
to the schistosity of the groundmass in some specimens and inclined
to it in others. (See pl. 2, 4.) Out of eight thin sections studied
only one showed a random arrangement of the inclusions. The in-
clined relation of schistosity of the groundmass to the alinement of
the inclusions in the metacrysts has been considered by some writers
to indicate that the metacrysts have been formed after the crystalliza-
tion of the groundmass has ceased and that they have rotated during
the later stages of their formation. In support of this view Bailey *¢
has figured albites from the albite schists of the Scottish Highlands,
in which the ends of the linear inclusions are curved in opposite direc-
tions, thus presumably indicating the direction of rotation. Such a
curvature in the alinement of the inclusions has been interpreted by
Clough # to show that the albite has been formed later than the main
schistosity of the groundmass, which is fossilized, as it were, in the
winding stream of inclusions that represents the original puckered
foliation planes of the rock. The inclusions in the albite metacrysts
of the Wissahickon schist show no evidence of crumpling or distor-
tion in the linearity. It is hard to escape the conclusion that the
alinement is caused by a rotation of the metacrysts by which the
albites, in a final stage of growth, adjusted themselves in a certain
way to their physical environment. However, it is difficult to under-
stand why this adjustment to environment did not keep pace with the
development of the foliation, manifesting itself in an elongation of
the metacryst parallel to the foliation plane rather than by a bodily
movement of the individual. The fact that some of the albite meta-
crysts are so elongated in response to the stress under which they

28 Bailey, E. B., The metamorphism of the southwest Highlands: Geol. Mag., vol. 60, p.
329, 1923.

% Gunn, W., Clough, C. T., and Hill, J. B., The geology of Cowal (Scotland Geol. Survey
Mem,), p. 40, 1897,
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were formed suggests that the rotation of the metacrysts may be
connected with a second period of metamorphism subsequent to that
which produced foliation parallel to the bedding. The existence of
such a later deformation is clearly indicated by the presence of a fine
foliation that crosses the first foliation at a steep angle. This sec-
ondary foliation is best developed in the soft phyllitic beds, where it
corresponds to the direction of the minute drag folds. It is excel-
lently exposed on the north flank of Turkey Hill in the cuts of the
Pennsylvania Railroad along Susquehanna River. The rock is filled
with twisted and broken veinlets of quartz, which are in some places
cut across by quartz veins of a later age than the deformed veins.

The schistose type of the albite-chlorite schist is characterized by
an abundance of chlorite, which is deep-green clinochlore, and a vari-
able quantity of sericite. Albite is almost universally present, but is
subordinate in amount to the micaceous minerals, so that the rock is
highly foliated.

Quartz is fairly abundant in both types. It fills the interstices
between the albite, chlorite, and mica, and in some of the schists it
occurs in layers, alternating with micaceous bands. Characteristic
accessories are magnetite, zircon, carbonates (calcite or dolomite),
and tourmaline. Other common constituents are pyrite, epidote, gar-
net, apatite, titanite, and hematite. The carbonate is in many speci-
mens abundant and appears to have crystallized at the same time as
the other constituents. Magnetite is of universal occurrence and in
many places forms large porphyroblasts that show under the micro-
scope a distinctly ragged outline.

The quartzose members of this formation occur in subordinate
amount. Quartzite beds that probably belong in the Wissahickon
albite-chlorite schist are well exposed in a railroad cut along Brandy-
wine Creek in Coatesville, where they occur as layers from 4 to 8
feet in thickness, containing numerous closely cemented grains of
bluish quartz. Quartzite layers in the albite-chlorite schist occur also
at Martic Forge and at several places in the section exposed along
Susquehanna River.

Both facies of the Wissahickon formation weather readily into a
micaceous clay soil, which has the consistency of putty when wet and
holds water for a long time. This clay forms deep ruts, thereby mak-
ing roads that are almost impassable in rainy weather. The unctuous
clay soil derived from the oligoclase-mica schist sparkles brilliantly,
owing to the presence of numerous mica flakes. The soil derived
from the albite-chlorite schist shows less mica and is full of silvery
schist fragments. '

Composition—The chemical compos1t10n of the two facies is illus-
trated by the following analyses:
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Chemical composition of schists and gneisses from the Wissahickon formation

1 2 3 4 5 1 2 3 4 5

79.60 | 77.00 | 54.99 || HaO—.___. 0.01

9.48 | 10.17 | 18.74 || H:O+- } 1.10 L8y 510
177 ] 241 290 TiOs 1.85 96| 1.66
149 235| 549 COs. . 08| .
76| 1.26| 2.81 | PsOs 1 0] .62
72| 2.02| .85 MnO .05 09| .04
183 114| 168 :

L5a| 14| 538 99.93 | 99.84 | 100,42 | 100,71 | 100.42

1. Wissahickon formation (oligoclase-mica schist, gneissic variety, with fine schist beds and quartz
veinlet), 1 mile northwest of Monkton, Md. Analysis made for Maryland Geological Survey by Penni-
man & Browne. Represents an arkosic sediment high in lime. Rock is composed of quartz, oligoclase,
and biotite, with small amount of orthoclase and muscovite.

2. Wissahickon gneiss, composite sample from four different localities. Bascom, F., U. S. Geol. Survey
Gg(i)l. Al;tlas, Philadelphia folio (No. 162), p. 4, 1909. Analyst, W. F, Hillebrand. Reopresents an arkosic
sediment.

8. Wissahickon gneiss (quartzose variety), Elm (Narberth) station, Pennsylvania Railroad, Montgomery
County, Pa. Idem, p. 135. Analyst, F. A. Genth, jr. Represents a sandstone high in soda. Rock is
described as containing quartz, feldspar, and a little mica.
b}.f:Vissahickon formation (fine-grained biotite gneiss). Rock is composed of quartz, oligoclase, and

iotite. :

5. Wissahickon formation (albite-chlorite schist, schistose variety), 1 mile south of Shenks Ferry station,
Columbia & Port Deposit branch, Pennsylvania Railroad, Lancaster County, Pa. Analyst, R. K. Bailey,
U. 8. Geological Survey, 1920. Represents a potassic argillite. Rock is composed of muscovite, clino-
chlore, quartz, and albite.

The mineral composition of these rocks has been calculated from
the chemical analyses in such a way as to correspond as nearly as
possible with the mineral constituents of the rocks determined under
the microscope.

Mineral composition of schists and gneisses from the Wissahickon formation

Quart?._ . ..o 40 32 62 . 54 21
Plagioclase.. AbrpAnz 31.5 | AbsAnyu 31 AbgAng 18 AbpAng 15| Abio 14
Orthoclase. 7.5 L5

Muscovite.
Biotite._...
Chlorite.
Garnet. .

98,00 101 101

The variable content of Na,O and K,O in these analyses is such
as would be expected from the heterogeneous nature of the original
sediment. The 5.36 per cent K,O of the albite-chlorite schist is high
for a normal shale. In the computation of mineral composition this
potash is recalculated as 45 per cent muscovite, which agrees very
well with the content of muscovite estimated in the microscopic sec-
tion. The computation of 45 per cent muscovite that is demanded
by the high potash content and by the absence of biotite and ortho-
clase requires more alumina than is indicated by the analysis, and
it seems probable that the alumina content of the analysis is a little
low. Normal shale is calculated to contain an average of 3.60 per



32 McCALLS FERRY-QUARRYVILLE DISTRICT, PA.

cent K,0, as determined by a composite analysis of 51 samples of
Paleozoic shale weighted in reference to the mass of the formation
represented.?® The high potash content of the albite-chlorite schist
is not, however, incompatible with a sedimentary origin, because
some sediments and slates of known sedimentary origin contain an
unusually large amount of potash. The slate in the Cartersville
formation of Georgia, for example, shows as much as 8.26 per cent
K.,O in, an average of 59 analyses.?® Therefore although the potash
content of the muscovitic variety of the Wissahickon albite-chlorite
schist is high, it does not necessarily denote an igneous origin for
the schist but rather indicates that the original sediment was a feld-
spathic mud rich in potash feldspar and white mica and similar
in origin to the highly potassic sediments of the Setters formation
in Maryland and of the Harpers schist in Pennsylvania.

Metamorphism.—The nature of the mineral constituents in the two
facies of the Wissahickon formation shows that the metamorphism
of the oligoclase-mica schist took place under conditions of strong
intensity and that the albite-chlorite schist was recrystallized in an
upper zone of metamorphism. The lithologic characteristics of the
two facies are essentially similar, in spite of the heterogeneity that
is to be expected in widespread sedimentary deposits. In both facies
mica schist alternates with more feldspathic gneisses, and quartzites
or quartzose gneisses occur in subordinate amounts. The difference
between the two facies appears, therefore, to be conditioned by a
difference in intensity of metamorphism rather than by difference
in stratigraphic position or in chemical composition. The constitu-
ents that have formed oligoclase under conditions of intense meta-
morphism have crystallized under more moderate metamorphic in-
tensity as albite and calcite.

The gradation from rocks that were formed under moderate meta-
morphic intensity to rocks that have been formed by an intense
metamorphism is well shown about 12 miles east of the McCalls
Ferry-Quarryville district, where the Wilmington division of the
Philadelphia & Reading Railroad follows the West Branch of
Brandywine Creek southward from Coatesville to Embreeville.
Within the borough limits of Coatesville, on the west bank of the
West Branch of Brandywine Creek and along the north face of
the South Valley Hills, there is a zone of much shattered rock that
shows an alternation of quartzose and slaty beds. This rock over-
lies the Conestoga limestone in Chester Valley. From the lithology
it is hard to determine whether the rock belongs in the upper part
of the Wissahickon albite-chlorite schist or in the Peters Creek

2 Clarke, F. W., Analyses of rocks and minerals, 1880 to 1914 : U. 8. Geol. Survey Bull. .

591, p. 23, 1915.
% Knopf, E. B, and Jonas, A. 1., Geology of the crystalline rocks of Baltimore County :
Maryland Geol. Survey, Baltimore County (in press).
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formation. Metamorphism, which has been of low intensity, has not
progressed far enough to destroy the original clastic grains of blue
quartz in the quartzose beds, and the argillaceous layers have scarcely
passed the stage of slates. About half a mile south of Coatesville
this strongly shattered zone is succeeded by a belt about 1,200 feet
wide of steeply dipping slates and slaty schists, impregnated with
quartz veinlets. A mile farther south the rock is a chloritic quartz
schist, and about 5 miles southeast of Coatesville it has become a
quartzose muscovite schist or an albite-chlorite schist. Metamor-
phism has advanced but is still of moderately low intensity. Still
farther south the rock becomes coarser grained, and biotite begins to
appear in association with the muscovite. From this point south-
ward the rock gradually assumes the lithologic characteristics of the
Wissahickon oligoclase-biotite schist, and the metamorphic intensity
continues to increase until, half a mile north of Embreeville and 7
miles south of Coatesville, the rock shows every evidence of metamor-
phism under conditions of strong intensity. It is a fairly coarse-
grained, highly garnetiferous muscovite-biotite schist and contains
short crumpled augen of quartz that show no connection with chan-
nels through which siliceous solutions might penetrate the rock.
Such detached lenses of quartz have been explained by Holmquist as
a result of segregation from the surrounding rock during the ultra-
metamorphism of schistose and folded gneisses.** In the Wis-
sahickon mica schists, however, there is no indication of ultra-
metamorphism, which implies the vanishing of the schistose struc-
ture. As the whole Wissahickon formation is traversed by innumer-
able veinlets of tourmaliniferous quartz and feldspathic quartz, it is
evident that the rock has been permeated by pneumatolytic vapors
at some time during its metamorphism, and the quartz augen de-
scribed above have probably been introduced in connection with
pneumatolysis. It is clear from the section between Coatesville and
Embreeville that there is a progressive increase of metamorphism
from the rock overlying the Conestoga limestone in Coatesville,
which is probably upper Wissahickon albite-chlorite schist, through
an apparently synclinal area where the rock has the lithologic
characteristics of the Peters Creek formation to an underlying mica
schist, which becomes, north of Embreeville, the intensely metamor-
phosed facies of the Wissahickon.

Age~1In the earlier work in this region the two mineralogic facies
of the Wissahickon were considered parts of the same formation, but
at that time the albite-chlorite schist that underlies the South Valley
Hills was thought to be Ordovician because it appeared to overlie

3 Holmquist, P. J., Swedish Archean structures and their meaning: Geol. Inst. Upsala
Bull. 15, pp. 141, 142, 1916.
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conformably Beekmantown limestone in Chester Valley, the lime-
stones of Chester Valley being at that time all mapped under the
name Shenandoah.’* Later the southern facies of the Wissahickon,
the oligoclase-mica schist, was called Wissahickon mica gneiss and
shown to be pre-Cambrian.’? The rock underlying the South Valley
Hills was still assigned to the Ordovician and called “ Octoraro schist,”
and the name *“ Octoraro ” was used for all the rock in the area lying
between the formation then mapped as Wissahickon gneiss and the
limestone of Chester Valley. The “ Octoraro schist ” thus comprised
both what is now mapped as the albite-chlorite schist facies of the
Wissahickon formation and part of the overlying Peters Creek for-
mation. Part of what is now mapped as Peters Creek was then
called Wissahickon gneiss.

The interpretation of the “ Octoraro schist” as Ordovician led to
grave difficulties when it was discovered that the Wissahickon gneiss
is pre-Cambrian, because the rock mapped as “Octoraro schist”
grades imperceptibly into the Wissahickon gneiss. It was necessary
to assume an overthrust fault along the contact between the Wissa-
hickon gneiss and the “ Octoraro schist” in order to explain the
anomalous position of Wissahickon gneiss on top of the so-called
Ordovician strata south of Chester Valley. The presence of the fault
was apparently demanded by the stratigraphy, but no structural
evidence of such a fault could be found.

Later work by the writers both in Maryland and in Pennsylvania,
along the Susquehanna River section, shows that the pre-Cambrian
Wissahickon gneiss north of the Phoenix anticline in Maryland,
where the formation is an oligoclase-biotite schist, dips under a syn-
clinal fold of Peters Creek schist and reappears from under the
northern limb of the syncline in a different mineralogic facies, the
albite-chlorite schist.®® It was thus shown that the “ Octoraro schist ”
is not a stratigraphic unit and that the formations which made up
the old “ Octoraro schist ” are part of a conformable sequence of pre-
Cambrian rocks known as the Glenarm series. Confirmation of the
pre-Cambrian age of this series is the discovery by Jonas that basal
Cambrian rocks rest unconformably upon the volcanic rocks and the
Cockeysville marble of the Glenarm series in Frederick County,
Md.** and upon Wissahickon albite-chlorite schist in Carroll County,
Md., and southern York County, Pa.

3t Bascom, F.,, Piedmont district of Pennsylvania: Geol. Soc, America Bull.,, vol. 16,
p. 305, 1905,

22 Bascom, F., U. 8. Geol. Survey Geol, Atlas, Philadelphia folio (No. 162), p. 3, 1909.

88 Knopf, B. B., and Jonas, A, 1., Stratigraphy of the crystalline schists of Pennsylvania
and Maryland: Am. Jour. Sci., 5th ser., vol. 5, pp. 40-62, 1923.

% Jonas, A. 1., Pre-Cambrian rocks of the western Piedmont of Maryland: Geol. Boc.
America Bull., vol. 35, p. 363, 1924.



PRE-CAMBRIAN ROCKS 35

It thus became evident that the contact between the pre-Cambrian
Wissahickon albite-chlorite schist (formerly mapped as “Octoraro
schist”) and the so-called “Cambro-Ordovician” Shenandoah lime-
stone of Chester Valley could not be conformable. The establish-
ment of the lower Paleozoic stratigraphic column in the Lancaster,
Quarryville, and Chester Valleys® showed that the Shenandoah
limestone comprises several different formations ranging in age from
Lower Cambrian dolomite to Ordovician limestone of probable
Chazy age. Moreover, it was discovered by Stose and Jonas that
the Ordovician Conestoga limestone unconformably overlies the
Beekmantown.®® Therefore the albite-chlorite schist underlying the
South Valley Hills must be faulted over the Paleozoic rocks in Ches-
ter Valley. The existence of the overthrust is difficult to demonstrate
on account of the fact that the fault plane itself has been seen in
cnly a few localities, and there the structural relations are obscure.
No mylonite has been observed in the few localities where the over-
thrust plane is visible. The absence of brecciated and mylonitized
rock along such a plane of movement is not as surprising as it mjight
at first seem, because a strong metamorphism has succeeded or accom-
panied the overthrusting. Mylonites if ever present may have been
cbscured by this later metamorphism. It is more probable, however,
as suggested by Bailey *” in his paper on the Scottish Highlands,
where there is a similar absence of mylonites along a plane of over-
thrust, that the overthrusting took place in a deep zone where the
temperature was sufficiently high to allow recrystallization to take
place at the same time as the overthrusting, hence mylonites would
not be formed. But the absence of structural evidence of faulting
along the overthrust plane is offset by the fact that the writers have
discovered, in the hills west of Quarryville and north of Shenks
Ferry, Wissahickon albite-chlorite schist and Peters Creek schist
overlying previously folded rocks, the Vintage dolomite, of Lower
Cambrian age, and the Conestoga limestone, of Ordovician age.
This discordant contact of Glenarm rocks against folded strata of
different stratigraphic horizons is structural evidence of the over-
thrust relation of the pre-Cambrian rocks to the underlying Paleozoic
formations.

PETERS CREEK SCHIST

The Peters Creek échist underlies a belt about 6 miles wide that
covers most of the southeast corner of the McCalls Ferry-Quarry-

3 Stose, G. W., and Jonas, A, I., The lower Paleozoic section of southeastern Pennsyl-
vania: Washington Acad. Sci. Jour., vol. 12, pp. 858-366, 1922,

3 Stose, G. W., and Jonas, A. I., Ordovician overlap in the Piedmont province of Penn-
sylvania and Maryland: Geol. Soc. America Bull,, vol. 34, pp. 507-524, 1923.

% Bailey, E. B., The metamorphism of the southwest Highlands: Geol. Mag., vol. 60,
p. 317, 1923.
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ville district. It overlies the southeast flank of the wide double-
crested anticline of Wissahickon albite-chlorite schist that crosses
Susquehanna River at Tucquan, is eroded from the crest of the anti-
cline, and reappears on the northwest flank in a narrow belt on the
north side of Turkey Hill and Long Level. The southeastern belt of
Peters Creek schist contains the narrow synclinal area that is under-
lain by Cardiff conglomerate and Peach Bottom slate.

The Peters Creek schist was named by the writers on account of
its typical exposures along Peters Creek, which flows into Susque-
hanna River at Peach Bottom, Lancaster County. The formation
has been traced, with unchanged characteristics, along the strike
from Pennsylvania southwestward into Maryland across Baltimore
and Carroll Counties. It comprises part of what was originally
mapped as Wissahickon gneiss and part of the “ Octoraro schist.”

The formation consists of a series of chloritic and sericitic quartz
schists interbedded with chlorite-sericite schist and grading toward
the top into mildly metamorphosed quartzose and conglomeratic
sediments. The sericitic and chloritic schists are most abundant in
the lower beds that overlie the Wissahickon albite-chlorite schist.
These lower beds of the Peters Creek schist are well exposed along
Susquehanna River between Fites Eddy and Fishing Creek Station,
where the rock is a light greenish-gray straight-bedded fine-grained
quartz-chlorite schist. The banding is produced by an alternation of
quartzose.layers with thin layers of chlorite and sericite, which give
a silvery luster on planes parallel to the bedding. The lowermost
beds in which chlorite-sericite schist predominates are difficult to
separate from the schistose beds of the Wissahickon albite-chlorite
schist, which immediately underlies the Peters Creek. In fact, there
is so perfect a lithologic gradation between the upper beds of the
Wissahickon and the lower beds of the Peters Creek that the boundary
between the two formations can not be accurately traced in the well-
cultivated upland country above the valley of the Susquehanna. It
has been represented on the map by a dotted line. Under the micro-
scope the sericitic and chloritic quartz schists of the Peters Creek for-
mation are seen to be almost completely recrystallized. The quartz,
which predominates, is fine grained and clear, with local inclusions
of rutile in minute rosettes. A fine foliation is imparted by the ser-
icite and chlorite (a deep-green clinochlore). Albite, which is usually
untwinned, is fairly abundant, amounting to about 20 per cent, and is
very difficult to distinguish from quartz. Measurements on sections
perpendicular to an optic axis indicate a species about Ab,,An,. It
differs from the albite of the Wissahickon albite schist in that it
is finer grained, not noticeably porphyroblastic, and not spongiform.
Magnetite and titanite are abundant accessories, and apatite, pyrite,
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tourmaline, and a carbonate (presumably dolomite) are of common
occurrence.

In the upper members of the Peters Creek formation recrystalliza-
tion is not complete, and there are numerous clastic grains of clear
blue quartz scattered throughout the rock. In some places toward
the top of the formation these quartz pebbles become so abundant
that the rock might almost be called a sandstone. Under the micro-
scope these quartz pebbles show up plainly, as deformed lenticular
areas that are in some places clear, with slight strain shadowing, and
in other places completely granulated. The argillaceous matrix sur-
vounding the pebbles is completely recrystallized to chlorite or seri-
cite. Some of the clastic fragments are feldspar, both a sodic albite
and a microcline. The scarcity of microcline in the lower beds of the
Peters Creek is probably due to the completeness of the recrystalli-
zation, which has taken place under a low metamorphic intensity,
thereby using the potash of the microcline to form sericite.

The chemical and mineral composition of the lower schistose beds
of the Peters Creek formation is given below.

Analysis of Peters Creek schist, Benton, Lancaster County, Pa.

Chemical composition Mineral composition
[Glenn V. Brown, analyst] Quartz _— 42. 84
Si0. : 73.00 | Albite (AbosADs) —cccoce e 29. 44
AlOs..- 10. 55 | Orthoclase - 8.34
Fe;0s - 2.42 | Chlorite 6. 72
FeO ____ ——— 2.75 | Muscovite__ b. 67
MgO__ - 1.55 | Magnetite_ 3.02
Ca0 1. 80 | Titanite 2.16
Na.O - 3.32 | Dolomite and apatite_.________ .89
K.0___ 2.10 _—
H,04 - 201 08. 98
TiO:.. —_— .90
CO: .25
onb— . 07
MnO ——— .05
100. 27

CARDIFF CONGLOMERATE

The Cardiff conglomerate directly overlies the Peters Creek schist.
It occurs in a belt of variable thickness about 18 miles long, extend-
ing southwestward from Fairmount, in Lancaster County, Pa., to
Pylesville, in Harford County, Md., and surrounds an elliptical area
of black roofing slates about 6 miles long and half a mile wide. The
name Cardiff has been given to this conglomerate by the Maryland
Geological Survey from the town of Cardiff, on the Maryland State
line, which is the direct continuation of the town of Delta, in Penn-
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sylvania, well known as a slate locality. In the lower beds of the
conglomerate there is an alternation of schistose and conglomeratic
layers, marking the transition from the Peters Creek pebbly sand-
stones to the Cardiff sediments. The Cardiff conglomerate, like the
Peters Creek sandstones, is characterized by the predominance of
quartz in the pebbles. Most of the pebbles are completely granulated
and in many places are deformed and considerably elongated. Some
of the pebbles, however, show a core of clear glassy quartz, commonly
of a bluish tinge, and some of the smaller pebbles are clear all the
way through. In one place a granulated quartz contained within
it an albite crystal, which suggests that the detrital material was
derived from an albitic igneous rock. The matrix of the conglomer-
ate is schistose, composed of fine quartz and fibers of sericite and
chlorite. Chloritoid, which occurs rather abundantly in several speci-
mens, is in coarser fibers than the muscovite and is packed closely
around the quartz pebbles. Magnetite is very abundant in some
specimens, and titanite commonly occurs. In some places the.mag-
netite is associated with an opaque whitish mineral, probably
leucoxene.

The Cardiff conglomerate was for some time tentatively considered
to be Ordovician and to rest upon so-called Ordovician phyllite and
to underlie the Peach Bottom slate, then considered of doubtful Ordo-
vician age.” The grounds for belief in its Ordovician age were made
questionable when the phyllite was shown to be pre-Cambrian. The
Cardiff conglomerate resembles the Lower Cambrian Hellam con-
glomerate member of the Chickies quartzite on the Mine Ridge up-
land, and on lithologic grounds it might be interpreted as basal Cam-
brian. However, the Cardiff conglomerate is overlain by more than
900 feet of black slates, and the Hellam conglomerate on the Mine
Ridge upland and vicinity is overlain by more than 350 feet of white
quartzite.

The Lower Cambrian series exposed in the area south of Lancaster
Valley resembles the Cardiff conglomerate and Peach Bottom slate
sequence more closely than it does the succession of Cambrian strata
on the flanks of the Mine Ridge upland. * Jonas has studied the area
south of the Lancaster-York Valley in Pennsylvania and in its south-
westward extension in Maryland and has found that the basal Cam-
brian conglomerate is overlain by black slate containing thin quartzite
layers. This slate and quartzite series represents the quartzite mem-
ber of the Chickies quartzite of the area that lies north of Chester
Valley, where the siliceous beds are thicker than in the area south
of Chester Valley.

8 Mathews, E. B., Corrclation of Maryland and Pennsylvania Piedmont fermations :
Geol. Soc. America Bull,, vol. 16, p. 338, 1905.
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The only places known in Pennsylvania or Maryland where recog-
nized basal Cambrian is preserved on the overthrust mass are in
the Sugarloaf syncline of Frederick County, Md., and in the Wentz
syncline of Carroll County, Md., and York County, Pa.** There
Lower Cambrian rocks rest unconformably upon Cockeysville marble
and volcanic flows and Wissahickon albite-chlorite schist, of lower
Glenarm age. The fact that the upper part of the Glenarm series
had been removed in Maryland before the deposition of the basal
Cambrian indicates deeper pre-Cambrian erosion in the western part
of the Piedmont than in the southeastern area.

In Pennsylvania there is no difference in trend between the Cardiff
conglomerate and Peach Bottom slate and the underlying Peters
Creek formation, and there is an apparent gradation from fine pebbly
sandstones in the upper beds of the Peters Creek formation through
coarser beds into the Cardiff conglomerate. Therefore, if a depo-
sitional break occurred between the two formations the field evidence
indicates that it was not an angular unconformity. In the absence
of any definite proof that it is Cambrian, the Cardiff conglomerate
has been included in the pre-Cambrian Glenarm series.

PEACH BOTTOM SLATE

The Cardiff conglomerate grades upward through beds of alter-
nating conglomerate and slate into roofing slates, which form an area
about 6 miles long and half a mile wide. These slates, which are
well known to the trade as the Peach Bottom “ black roofing ” slate,
have a probable thickness of 1,000 feet and show a uniform steep
south dip, which coincides with the cleavage. On its southeast
boundary the slate is distinctly interbedded with the conglomerate,
and here it is possible to show that bedding and cleavage are parallel.
The section measured from north to south on the road north of
Peach Bottom station is as follows:

Section north of Peach Bottom station

Feet
Black slate. . - 45
Slate with interbedded conglomerate, 3 inches to 1 foot thick__ 15
Slate - e — 20
Conglomerate e 60

The Peach Bottom slate is dark bluish gray, nonfading, and of a
strong luster on cleavage surfaces. It has a high crushing strength,
11,260 pounds to the square inch, and is exceedingly tough. The
microscope shows a distinctly crystalline texture approaching that
of the phyllitic stage of metamorphism. The essential constituents

#® Jonas, A. 1., Pre-Cambrian rocks of the western Pledmont of Maryland: Geol. Soc
America Bull,, vol. 35, p. 361, 1924,
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are muscovite, quartz, andalusite, and graphite with variable
amounts of magnetite and pyrite. The following table shows the
chemical analyses of four specimens of Peach Bottom slate. The
sedimentary origin of the slate is shown by the strong dominance
of alumina which exceeds the molecular proportion of the combined
lime and alkalies by over 100 per cent.

Analyses of Peach Bottom slate

1 2 3 4 1 2 3 4

58.37 | 60.32

21,00 | 2310

} 10.66 | 7.05

L20| .8
130 |oo

} 193] .49

403 3.8

93] 408

Specific gravity 2.89.

1. Peach Bottom ‘‘roofing’’ slate. J. Humphrey & Co.’s quarry, half a mile east of Delta, York County,
Pa. Analysis by A.S. McCreath, Pennsylvania Second Geol. Survey, Rept. CCC, pp. 269-270, 1880.

2. Peach Bottom slate (perfectly fresh). J. Humphrey & Co.’s quarry. Analysis by Booth, Garrett,
and Blair, Philadelphia, Pa., 1895. Mathews, E. B., Maryland Geol. Survey Rept., vol. 2, p. 226, 1898.

3. Slate, Lancaster County, Pa. Merrill, G. P., A treatise on rocks, rock weathering, and soils, p.119,

1906.
4. Slate, Harford County, Md. Merrill, G. P., idem, p. 214.

In 1876 I. N. Rendell, president of Lincoln University, near
Oxford, Pa., obtained from the dump pile of the Peach Bottom slate
quarries on Susquehanna River six or seven slabs of roofing slate
bearing markings that suggested fossils. These slabs were sent to
Leo Lesquereux, who reported in 1879 that the markings were
Buthotrephis flexuosa.®® Later the supposed fossils were sent to
James Hall, who reported in 1883 that the conspicuous fossils have
the character of marine vegetation and the aspect of algae.”** He
acknowledged that these markings may well be dendritic markings of
inorganic origin. He then mentioned other forms that are “dis-
tinctly organic in their character and mode of occurrence and
belong to some algoid form.” He also described faint irregular
marking and said, “ In certain light I think I can see by the naked
eye faint markings as if of branches, radiating in an irregular
manner from the center and bifurcating in their course. This
reminds me strongly of some graptolitic forms.” ,

On the basis of the supposed Buthotrephis and supposed grapto-
lites the Peach Bottom slates were assigned to the “ Hudson River
shale ” horizon of the Upper Ordovician. However, the most careful
and persistent search through the Peach Bottom slates by numerous

4 Prazer, Persifor, jr., Age and position of the Peach Bottom slates: Am. Philos. Soc.
Proc., vol. 18, pp. 366-369, 1879.

“Frazer, Persifor, jr., The Peach Bottom slates of southeastern York and southern Lan-
caster Counties : Am. Inst. Min. Eng. Trans., vol. 12, pp. 3563-359, 1884,
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geologists has failed to reveal any further fossil markings that would
confirm the reported find of graptolites. The deep refuse piles that
surround the quarries, both in Pennsylvania and in Maryland, contain
many specimens with distinct dendritic markings that might easily
suggest fossil forms, but are all of inorganic origin. It may be that
the dubious graptolites mentioned by Hall were in reality nonorganic
markings and that if any of the so-called fossils discovered in 1879
were really of organic origin they were algae, not necessarily Ordo-
vician or even Paleozoic. If the Cardiff conglomerate underlying
the slates is a basal conglomerate, then the slates are in all proba-
bility Paleozoic. The Cardiff conglomerate occurs in a region where
conditions subsequent to deposition have been favorable for molec-
nlar rearrangement which would have obliterated evidence of uncon-
formity. Nevertheless it has been possible to prove an unconformity
at the base of the Glenarm series where basal conglomerates are
lacking, and it is somewhat surprising that an unconformity at the
base of the Cardiff conglomerate can not be demonstrated by field
evidence. Therefore it seems best to include both the Cardiff and
Peach Bottom in the pre-Cambrian, because it is impossible to prove
that there is an unconformity below the Cardiff.

PALEOZOIC SEDIMENTARY ROCKS
PALEOZOIC STRATIGRAPHY OF WELSH MOUNTAIN AND VICINITY

The Honeybrook upland lies north of the Chester Valley and

_extends southwestward from Valley Forge, on Schuylkill River, to

Quarryville on the south and from Phoenixville to a point north of
Honeybrook on the north. It is cut off on the northeast and north
sides by the sediments of the Triassic basin, which trends north-
westward from Valley Forge to Phoenixville and Elverson. Its
greatest width from north to south is about 12 miles. The upland
terminates on the west in three anticlines, named Welsh Mountain,
Barren Hill, and Mine Ridge, from the ridges of Lower Cambrian
quartzite which partly inclose the pre-Cambrian crystalline rocks
that form the core of the upland. These anticlines plunge southwest-
ward and carry the Lower Cambrian arenaceous series under the
Cambrian and Ordovician limestones of the Quarryville, Lancaster,
and New Holland Valleys.

The Lower Cambrian series, which unconformably overlies the
pre-Cambrian core of the Welsh Mountain and Barren Hill anti-
clines, is composed of the Chickies quartzite, including its basal
Hellam conglomerate member, the Harpers phyllite, and the Antie-
tam quartzite. This series is 2,200 feet thick in Welsh Mountain and
is little metamorphosed. The calcareous Antietam quartzite grades
upward into and is overlain by the Vintage dolomite, which together
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with the Kinzers formation and Ledger dolomite compose the equiva-
lent of the Lower Cambrian Tomstown dolomite of Cumberland
Valley. The Elbrook, Conococheague, and Beekmantown lime-
stones overlie the Lower Cambrian limestone in the synclinal valley
areas both north and south of the Welsh Mountain-Chestnut Hill
axis, which crosses the Lancaster and New Holland Valleys. The
Cocalico shale lies only north of the above-mentioned axis of uplift.

PALEOZOIC STRATIGRAPHY OF MINE RIDGE UPLAND AND VICINITY

The Mine Ridge upland is a double anticline lying partly in the
northeastern part of the Quarryville quadrangle and is the southern-
most of the three anticlinal folds that underlie the Honeybrook up-
land. The anticline is 30 miles long and 3 miles wide and extends
‘from a point east of Downingtown southwestward to Quarryville.
At both ends it plunges under the limestones of the Chester-Quarry-
ville Valley, and it is separated from the anticlinal area of Barren
Hill, to the north, by normal faults. Like the Welsh Mountain and
Barren Hill anticlines, the Mine Ridge fold is formed of a core of
pre-Cambrian rocks bordered by Lower Cambrian arenaceous rocks
overlain by Paleozoic limestones. The Paleozoic rocks of the Mine
Ridge upland and vicinity have been greatly metamorphosed and
closely folded and do not closely resemble the less altered Paleozoic
rocks north and west of them. Their relations and age have been
worked out, however, in connection with a study of sequence of the
.slightly altered fossiliferous Lower Cambrian arenaceous rocks of
Welsh Mountain, Chestnut Hill, and the Hellam Hills and the fos-
siliferous limestone series of the adjoining New Holland, Lancaster,

and York Valleys.#

LOWER CAMBRIAN ROCKS OF THE McCALLS FERRY-QUARRYVILLE DISTRICT

CHICKIES QUARTZITE

The basal Cambrian formation of the McCalls Ferry-Quarryville
district is the Chickies quartzite. It consists of the Hellam conglom-
erate member at the base, overlain by a considerable thickness of
white vitreous quartzite, which is succeeded by a greater thickness
of sericitic quartzite interbedded with quartz-mica schist and quartz
. schist. The Chickies quartzite was named in 1878 by Lesley.and
Frazer from outcrops of quartzite at Chickies Rock, in the gorge
of Susquehanna River north of Columbia, Pa. At the type locality
the quartzite is exposed in an anticline which does not bring to the
surface the underlying Hellam conglomerate member. The quartzite

42 Stose, G. W., and Jonas, A. 1., The lower Paleozoic section of southeastern Pennsyl-
vania : Washington Acad. Sci. Jour., vol. 12, pp. 358-366, 1922.
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here is a heavy-bedded white vitreous quartzite at the base and a
pebbly quartzite with black slate partings near the top.

Hellam conglomerate member.—The Hellam conglomerate member
of the Chickies quartzite forms the base of the Cambrian and is
exposed on the flanks of Mine Ridge. It was named ** from the
Hellam Hills, York County, Pa., where it is well developed und
gives rise to high ridges.

In the Quarryville area the Hellam conglomerate is exposed as
a narrow band around the pre-Cambrian rocks of the Mine Ridge
anticline. The conglomerate together with the overlying quartzite
forms a ridge which surrounds the central area underlain by pre-
Cambrian rocks, above which the bordering quartzites rise 100 feet
on the north and southwest sides. The conglomerate is well exposed
in several places on both the north and south sides of the ridge.
The freshest outcrops are in the valley of Nickel Mines Run north of
Greentree and along Houston Run southwest of Gap. At the latter
place the rock stands up as ledges 25 feet high exposing 40 feet of
thick beds of pebbly quartzite with sericitic schist partings.

The Hellam conglomerate on the Mine Ridge upland is a coarse
to fine grained siliceous conglomerate interbedded with mica schist.
The conglomerate is a pebbly quartzite and quartz conglomerate com-
posed of thoroughly recemented and recrystallized quartz grains with
green muscovite developed on bedding planes. It contains small
amounts of microcline and albite, with accessory zircon, magnetite,
hematite, and titanite. The pebbles are milky and blue quartz, and
have been so much granulated by pressure that weathering reduces
them to an aggregate of sand grains, thus obscuring the conglomer-
atic character of the rock in weathered exposures. These pebbles
have been flattened and elongated, and their edges interlocked with
the quartz of the groundmass.

The quartz conglomerate occurs in beds a foot or two thick inter-
calated with thinner beds of crumpled mica schist. The schist beds
represent the metamorphosed equivalent of the fine sericitic quartzite
layers that occur between conglomerate beds of the Hellam conglom-
erate of Welsh Mountain. The effect of metamorphism on the quartz
conglomerate beds has been elongation and granulation of the pebbles
and the development of biotite and muscovite, producing a schistose
texture in the rock.

The maximum thickness of the Hellam conglomerate of the Mine
Ridge upland is 90 feet, measured north of Greentree. In the type
locality of the Hellam Hills a thickness of more than 600 feet has
been estimated. The Hellam conglomerate is thinner around the
Mine Ridge upland than it is a few miles to the north,on Welsh Moun-

4 Stose, G. W., and Jonas, A. 1., op. cit, p. 96.
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* tain. This difference is due partly to difference in original thickness
and partly to a considerable reduction in thickness of the formation
around the Mine Ridge upland as a result of the intense compression
which has flattened the pebbles in the harder beds and rendered the
softer beds schistose. In the writers’ opinion the Hellam member
corresponds in general with the Loudoun formation of South Moun-
tain and Catoctin Mountain and the basal Cambrian conglomerate
of the Reading Hills.

The Hellam conglomerate is the basal member of the Chickies
quartzite. It contains no fossils but unconformably overlies pre-
Cambrian rocks throughout its extent. It contains pebbles of blue
quartz, probably derived from quartz veins in the underlying pre-
Cambrian gabbro exposed northeast of Gap and from the pre-Cam-
brian granite of the region, which also contains blue quartz.

Quartzite member—In the McCalls Ferry-Quarryville district the
quartzite member of the Chickies quartzite is exposed in the Mine
Ridge upland, 15 miles east of the type locality. It encircles the
upland and together with the underlying basal conglomerate forms
a prominent ridge on the flanks of the uplift. Being less resistant
to erosion, the underlying pre-Cambrian rocks have been reduced to
a level below that of the quartzite on the northern and western flank
of the anticline.

The quartzite has been quarried south of Gap in a quarry cut across
the strike, where 70 feet of hard vitreous quartzite with a dip of N.
40° W. is exposed. On the southwest nose of the ridge, a mile north
of Quarryville, the quartzite has disintegrated into fine white sand
streaked with sericitic clay beds. This sand is dug in small pits and
is used for concrete and plaster.

The quartzite member of the Chickies quartzite is made up of
white vitreous quartzite, some of which is massive and some thin
bedded, with sericite developed on bedding planes. The upper two-
thirds of the quartzite member consists of thin-bedded crumbly white
sericite quartzite interbedded with quartz-mica schist and quartz
schist. The quartzite is seen in thin section to be made up chiefly of
interlocking areas of quartz, which show strain shadows. The other
constituents are straw-colored blades of muscovite, a little microcline,
irregular albites with fine inclusions, well-rounded zircons, and mag-
netite. Black tourmaline, which is a characteristic constituent of the
rocks on the flanks of the Mine Ridge anticline, is especially abundant
in the quartzite. The original sand, which was rather pure, has been
thoroughly recrystallized, but the stretching of the tourmaline would
indicate that the rock has been subjected to dynamic disturbance
subsequent to recrystallization.

The mica schist is a fine-grained schistose aggregate of biotite,
quartz, and subordinate feldspar. '



PALEOZOIC SEDIMENTARY ROCKS 45

Of the following analyses No. 1 represents the quartzite at Chickics
Station, Pa., and No. 2 the Montalto quartzite of South Mountain.
Both analyses are those of a pure quartzite. The rock from South
Mountain contained some sericite and epidote.

Analyses of quartzite

O] 0 S 1.16
H30 (loss on ignition) P
3 107

- 7.87 per cent is combined silica.
1. Pirsson, L. V., Rocks and rock minerals, 1st ed., p. 367, 1910.

2. Quartzite specimen No. 1157, 134 miles south of burned sawmill on the Conococheague. Analysis by
[, A. Genth. Pennsylvania Second Geol. Survey Rept. CCC, p. 363, 1880.

The thickness of the quartzite member of the Chickies overlying
the Hellam member on the flanks of the Mine Ridge anticline has
‘been estimated as 350 feet. The full section is not exposed at any
.one place in that area, hence the thickness can not be determined
accurately. It is somewhat thinner on the Mine Ridge anticline than
in Welsh Mountain or the Hellam and Chickies Hills.

The basal member of the quartzite, the Hellam conglomerate, uncon-
formably overlies pre-Cambrian rocks. The quartzite is part of an
arenaceous series that contains Lower Cambrian trilobite and brachio-
pod remains in its upper part, although the only fossil remains that
have been collected from the quartzite member are scolithus tubes.
Therefore both stratigraphic relations and fossil content establish
the age of the quartzite member of the Chickies as Lower Cambrian.
1t is similar to the Montalto quartzite member of the Harpers schist
of South Mountain, Pa., but as it lies at the base of the Harpers and
not in the midst it is probably not the exact equivalent of the
Montalto.

HARPERS AND ANTIETAM SCHISTS

The Harpers schist*¢ received its name from Harpers Ferry,
‘W. Va., where it is well exposed in the gorge of Potomac and Shen-
andoah Rivers. It lies on the flanks of the Blue Ridge, and an east-
ern belt of the formation extends northward along South Mountain
into Pennsylvania. '

The Harpers formation is widely exposed in the Piedmont of
Maryland and Pennsylvania south of the Hanover-York Valley and
in the Pigeon, Hellam, and Chickies Hills and Welsh Mountain.

« Keith, Arthur, Geology of the Catoctin belt: U. 8. Geol. Survey Fourteenth Ann.
’ﬂRept., pt. 2, p. 333, 1894.
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The Harpers of this area is a greenish-gray phyllite composed of
albite, muscovite, and quartz with some biotite. It has not, how-
ever, advanced beyond a phyllitic stage of metamorphism and should
be called a phyllite. In its type locality near Harpers Ferry the
rock is a shale. In South Mountain it is a phyllite like much of the
Harpers of the Piedmont north and northwest of the Mine Ridge
upland. From Welsh Mountain southward to the Mine Ridge upland
there is a gradual increase in metamorphism of the Paleozoic sedi-
ments, and the Harpers phyllite has been altered into an albite-mica
schist and the overlying Antietam quartzite into a quartzose albite
schist.

The Antietam sandstone (quartzite), which overlies the Harpers
formation in Virginia, West Virginia, and Maryland, was named by
Keith #° from Antietam Creek, on the tributaries of which it is well
shown. The Harpers phyllite of Pennsylvania is overlain by a
quartzite which is the equivalent of the Antietam sandstone of the
Blue Ridge and South Mountain. The upper beds of the formation
are a light-gray, somewhat calcareous quartzite containing angular
grains of glassy quartz. These upper quartzite beds weather to a
laminated, porous, highly ferruginous rock whose bedding surfaces
show numerous rusty molds of Obolella and trilobite fragments.
These beds are similar to fossiliferous beds characteristic of the
Antietam sandstone of South Mountain and are excellent horizon
‘markers. The fossiliferous quartzite is interbedded with gray quartz
phyllite in which weathering produces a rusty banding. The Antie-
tam of Welsh Mountain is about 120 feet thick and is an easily iden-
tified formation between the Harpers phyllite and Vintage dolomite.
Metamorphism of this formation in the McCalls Ferry-Quarryville
district has produced a quartzose albite schist which is difficult to
separate from the underlying Harpers albite schist. As it has been
possible to recognize the ferruginous quartzite beds only in a few
places near the Mine Ridge upland and in the hills to the west, the
Harpers and Antietam have been in part mapped together in this
report. '

Areal distribution—The Harpers and Antietam schists of the
McCalls Ferry-Quarryville district overlie the Chickies quartzite on
the flanks of the Mine Ridge anticline, where they are exposed in a
border around the Chickies. These rocks are brought to the surface
also in a series of anticlinal hills extending from the Mine  Ridge
anticline west for 15 miles, nearly to Susquehanna River at Safe

45 Keith, Arthur, as reported by Williams, G. H., and Clark, W. B., Maryland, its
resources, industries, and institutions, p. 68, 1893. The formation was described, but not
named, by Keith in Am. Geologist, vol. 10, p. 365, 1892.

P
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Harbor. These hills, to many of which local names have been
given, such as Bunker Hill and Oak Hill, trend N. 75° E., in a
direction roughly parallel to the strike of the formation. They rise
about 150 feet above the valley level but show few fresh outcrops
except in stream gorges cut, for the most part, north and south across
the hills. Quarries have been opened in a few places and the stone
is used locally for building. The largest quarry, a mile north of
Safe Harbor, yields fresh and well-jointed blocks, but is not operated
at present. :

Lithologic character—Two facies of micaceous schist can be dis-
tinguished on the Mine Ridge upland. The lower overlies the Chick-
ies quartzite and is certainly part of the Harpers formation. It will
be called the blue garnetiferous chlorite schist. It is overlain by an
albite-mica schist that includes the upper part of the Harpers and
the overlying ‘Antietam formation. '

The blue chlorite schist has been mapped separately on the flanks
of the Mine Ridge anticline. It forms a narrow band on the south
face and widens considerably on the northwestern nose of the ridge,
and extends northeastward toward Gap, where it is cut off by a fault.
Erosion has not gone deep enough to expose this basal part of the
Harpers in the outlying hills west of the Mine Ridge upland.

The blue chlorite schist is a fine-grained closely crumpled schist
containing chlorite and some biotite with subordinate quartz and
feldspar. The chlorite and mica are in large blades that give a
spangled appearance to the rock and wrap around large red garnets.
In weathered rock the garnets stand out upon the foliation planes,
producing a knobby surface. The bluish color is due to the chlorite
content of the schist. Thin sections of the rock show that the feld-
spar is sericitized. Chlorite occurs in large green blades without
orientation. Quartz, some secondary albite, garnet, and magnetite
make up the rest of the rock.

The overlying albite schist is a gray coarse-grained sparkling mus-
covite-biotite schist spotted with dull-white porphyroblasts of albite.
The albite crystals are most conspicuous on rough surfaces normal to
the plane of schistosity. Calcite, tourmaline, zircon, and apatite are
constituents of common occurrence. Albite occurs in spongiform in-
dividuals filled with inclusions of the other constituents. These in-
clusions usually show a parallel arrangement, which may be either
inclined or parallel to the foliation. (See pl. 2, 4.) Quartz is fairly
abundant. Calcite appears to have crystallized at the same time as
the other constituents.

The albite mica schist includes the rest of the Harpers above the
blue chlorite schist and the Antietam. The upper part of the Antietam



48 McCALLS FERRY-QUARRYVILLE DISTRICT, PA.

is an albite schist but is more calcitic and dolomitic and contains less
albite than the underlying beds. It is a fine-grained light-gray schist
speckled with brown biotite containing many small needles of black
tourmaline. Microscopically the rock shows abundant calcite, dolo--
mite, and biotite ; some of the biotite occurs as porphyroblastic blades
with inclusions of the groundmass. Quartz, albite, titanite, and
pyrite are present in small amounts. Tourmaline crystals which con-
tain inclusions of the rock minerals show that the mineral was formed
as a result of pneumatolytic action subsequent to recrystallization of
the rock. (See pl. 2, B.)

At first sight such sparkling crystalline rocks as the albite-mica
schists just described show absolutely no resemblance to the smooth:
phyllite or impure quartzite that occurs in the Hellam-Chickies anti-
cline and in Welsh Mountain, but it has been possible to trace a
graduation in metamorphism from phyllite to schist. The grada-
tional belt is only 5 miles wide but has been shortened considerably
by normal faulting. In the gradational belt the Harpers and Antie-
tam are brought to the surface by several anticlines in which the
phyllite progressively shows an increase of metamorphism from the
flanks of Welsh Mountain southward. Metamorphism has for
the most part obscured the fossil remains usually found in the ferru-
ginous quartzose beds of the Antietam, but in many places, even in
the area of most intense anamorphism, the ferruginous beds can be
detected. These beds weather to a biotitic rusty-banded calcareous
schist that contains albite and is streaked with limonite and that
probably represents ferruginous fossiliferous layers of the less meta-
morphosed Antietam quartzite.

The Harpers and Antietam schists weather readily because of their
content of calcite and form a deep, loose soil. The steep slopes of
the hills are scarred by deep gullies that render the land difficult of
cultivation. Because of the character of the soil these hills are locally
called “the sand hills,”

Chemical composition.—The following table gives analyses of the
coarse albite Harpers schist and of Antietam calcareous albite schist,
both from the Quarryville quadrangle; also a partial analysis of the
Harpers phyllite from a point a short distance to the nerth.
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Analyses of Harpers and Antietanu schists

Chemic&l composition

Mineral composition (2)
1 2 3
64. 40 1310 o
12.62 Biotite. oo oo aaas 18
1. 80 Orthoclase 12
2. 56 Muscovite 10
1.74 Dolomite_ 10
2.20 -{| Calcite.... 7
2.34 Albite ... -8
512 Ilmenito and magnetite....... 2
1.08 101
1.13
1.34
.50
.06
100. 89 99.47 |caueee...

1. Harpers albite schist, State road, three-fourths of a mile west of Camargo, Lancaster County, Pa.
Analyst, R. X. Bailey, U. 8. Geol. Survey, 1920,
Glzenlr}%leltﬁ?w?k{?wsoua ézglblg% fﬁ?;Stigéomﬂe south of Lime Valley, Lancaster County, Pa. Analyst
3. Harpers phyllxte, 1 mile south of Mountville, Lancaster County, Pa. Analyst, J. G, Fsirchild,
U. 8. Geol. Survey, 1922.

Character of the metamorphism in the Harpers and Antietam
albite schist.—In the garnetiferous chlorite schist metamorphism has
apparently taken place in the upper part of the deep-seated zone, as
is shown by the formation of such heavy minerals as garnet and
plagioclase, which are characteristic of zones of high pressure and
temperature, associated with chlorite, which forms in the upper zones
of metamorphism. In the albite-mica schist also metamorphism has
taken place in a transition zone, albite being characteristic of the
upper zone and biotite of the lower zone. The lime content of the
albite-mica schist, instead of uniting with soda to form plagioclase,
has crystallized as calcite, and the soda as albite. All the minerals
in the path of each growing albite crystal that were not needed in
forming calcite were inclosed by the metacryst, which has irregular
spongiform boundaries.

T'kickness—The thickness of the Harpers phyllite has been esti-
mated to be 1,000 feet in the Hellam and Chickies Hills and about
1,500 feet in Welsh Mountain. The overlying Antietam quartzite is
about 120 feet thick in Welsh Mountain. The albite-mica schist rep-
resentative of the Harpers and Antietam formations on the flanks of
the Mine Ridge upland probably attains a thickness comparable to
that of the formation on Welsh Mountain, a few miles to the north,
but the thickness of the schist can not be measured. Cleavage has
developed to such an extent that the bedding planes are rarely dis-
cernible. It is not only difficult to trace the original bedding, but
repeated minor folding makes it impossible to estimate the thickness
of the formation with any exactitude.
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Age.—The resemblance of the Harpers albite schist to the albite
schist facies of the Wissahickon is very striking, so that in earlier
work the writers considered the rocks to be identical. This resem-
blance is especially marked between the Harpers albite schist and the
biotitic albite facies of the Wissahickon that occurs along Susque-
hanna River near Safe Harbor and Shenks Ferry. However, the
albite schist on the flanks of the Mine Ridge anticline and farther
west has been proved on stratigraphic grounds to be Lower Cambrian
Harpers schist and Antietam quartzose schist. The chlorite schist
and albite schist overlie Chickies quartzite on the flanks of the Mine
Ridge anticline. The albite and quartzose calcareous schist in the
valley have been established as anticlinal and have been shown to be
conformable under Vintage dolomite, into which they also grade
through a calcareous schist. The gradation in fresh rock cuts has
been seen at several localities. An excellent exposure three-fourths
of a mile south of Conestoga shows in a thickness of 6 feet passage
from a biotite dolomite schist through rusty-banded dolomite
speckled with biotite into a cream to dove-colored dolomite free of
mica and belonging to the Vintage formation. Metamorphism has
almost entirely obliterated fossils, but fossils have been found in the
Antietam half a mile north of Gap. Therefore, on structural and
stratigraphic grounds, as well as by fossil content in adjacent areas,
the albite-mica schist has been found to be identical with the Harpers
phyllite and the calcareous biotite schist with the Antietam quartzite
and hence Lower Cambrian.

VINTAGE DOLOMITE

The arenaceous series of Welsh Mountain and of the McCalls
Ferry-Quarryville district is overlain by limestones, the oldest of
which is the Vintage dolomite,*® named from a small village 15 miles
east of Lancaster and just north of the Quarryville quadrangle,
where most of the section is excellently exposed in a cut of the
Pennsylvania Railroad. (See pl. 3, 4.)

Distribution—The Vintage dolomite is exposed north and west of
Mine Ridge upland on the slopes of the “sand hills,” made up of
Antietam albite schist, which it surrounds. It occupies valleys also
between the Cambrian schists and the blue slaty Conestoga lime-
stone. North of Gap it underlies the valley west to Bellemont and
Leaman Place and forms a narrow valley that extends 8 miles west
of Bellemont. The best exposures lie in the cuts of the Pennsylvania
Railroad from Leaman Place to Kinzers. There is a large quarry
in Vintage dolomite (see pl. 3, B) now operating at Kinzers, north

46 Stose, G. W., and Jonas, A. 1., Lower Paleozole section of southeastern Pennsylvania:
Washington Acad. Sci. Jour., vol. 12, No. 15, p. 362, 1922.
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A. HARPERS SCHIST

The albite is crowded with inclusions in a roughly parallel orientation that is inclined to the
foliation of the rock

B. ANTIETAM SCHIST

Porphyroblastic biotite, a, in a dolomitic matrix. The tourmaline, t, is epigenetic

PHOTOMICROGRAPHS OF SCHIST



U, S. GEOLOGICAL SURVEY BULLETIN 799 PLATE 3

A. UPPER PART OF THE VINTAGE DOLOMITE OVERLAIN BY KINZERS SHALE
EXPOSEDJIN CUT ON THE PENNSYLVANIA RAILROAD NEAR VINTAGE

B. VINTAGE DOLOMITE IN QUARRY AT KINZERS

Shows well-bedded character of lower part of Vintage dolomite



U. S. GEOLOGICAL SURVEY BULLETIN 799 PLATE 4

A. KINZERS PSEUDOCONGLOMERATE ON PENNSYLVANIA RAILROAD WEST
OF KINZERS

Produced by differential weathering of white marble and dark impure dolomite

B. BASAL CONESTOGA SLATE AND LIMESTONE CONGLOMERATE, UNCON-
FORMABLY OVERLYING VINTAGE DOLOMITE, BELLEMONT QUARRY



U. 8. GEOLOGICAL SURVEY BULLETIN 799 PLATE 5§

A. THICK-BEDDED CRYSTALLINE LIMESTONE PASSING INTO FINELY
LAMINATED SLATY LIMESTONE TYPICAL OF CONESTOGA LIMESTONE IN
QUARRY 1 MILE NORTHWEST OF BELLEMONT

B. CLOSELY FOLDED MICACEOUS MARBLE OF CONESTOGA LIMESTONE IN
QUARRY HALF A MILE NORTHWEST OF QUARRYVILLE
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of the Lincoln Highway, where the rock quarried is crushed for road
metal. In the valley of Pequea Creek north and east of Lime Valley
there are many good outcrops of dolomite in stream cuts and old
quarries. It is well exposed farther southwest along Pequea Creek
near Burnt Mills. No quarries are now operated in the Vintage
dolomite in the McCalls Ferry- Quarryvﬂle dlstrlct except the one
at Kinzers.

Lithology.—In general the Vintage consists of massive ghstemng
dark-gray dolomite, weathering whitish, with scattered coarse crys-
talline blebs, and dark-blue dolomite with ‘argillaceous partings,
weathering knotty At the base is a cream-colored schistose -thin-
bedded dolomlte containing muscovite flakes, with overlying knotty
blue and white dolomite weathering to a rough surface. ngher up
there are some dark-blue beds with argillaceous partings, in places
micaceous and wavy. In the upper part the rock is a’ massive
sparkling gray to blue mottled dolomite in thick beds. It weathers
white with siliceous and calcareous blebs. The uppermost beds are
very massive, as is well shown in the Pennsylvania Railroad cut,
where the Vintage underlies shales of the succeeding formation.
The rock weathers to a deep-red clay soil and occupies the lower
slopes of the sand hills, The red color of the soil derived from the
dolomite contrasts sharply with that of the gray sandy soil derived
from the Harpers and Antietam schists.

T hickness—At the type locality, just north of the Quarryville
quadrangle, the thickness of the Vintage dolomite has been estimated
as 654 feet, although the base of the formation is not exposed at this
place. The Vintage dolomite thins southward toward the Mine
Ridge upland. At Lime Valley it is 150 feet thick, 2 miles farther
south it is 50 feet thick, and south of Oak Hill it is absent. This
irregularity of thickness and southward thinning is due to erosion
subsequent to deposition and is discussed on page 57. The section at
Vintage is given below.

Rection of Vintage dolomite in cut on main line of Pennsylvenia. Railroad west
of Vintage, Pa.

Feet
Argillaceous dolomite ; weathers rusty and earthy.________. 7
Massive, sparkling, gray-blue mottled dolomite; weathers
chalky, with siliceous and calcareous blebs in relief______. 30
Blue dolomite, wavy bedding, with mica partings____._______ 25
Thin shale, micaceous e - 5
Blue argillaceous dolomite; weathers to thin slivers, with
some massive blue dolomite bands. 15
Granular dolomite, light gray-blue mottled, in 5-foot beds.__. 35
Dense darker blue massive dolomite, with some blebs, argil-
laceous partings; weathers chalky_ 100

6136-—29——5
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Feet

Light and dark mottled dolomite. ’ 35
Gray, wavy, thin-bedded dolomite; weathers chalky__..._._ 148
Covered, probably dolomite__.__._. 234
Dark, glistening dolomite; weathers white(base not exposed). 20
+654

Age and correlation—The Vintage dolomite has not yielded any
fossils in the McCalls Ferry-Quarryville district. Stose and Jonas
have collected remains of Salterella, trilobites, and brachiopods and
plates of cystids from the formation at several localities in the York
Valley. The section that has yielded the most fossils lies south of
Emigsville and has been described by Walcott.*”

The fossils and stratigraphic relations of the Vintage dolomite
show its Lower Cambrian age. It overlies the Antietam schist,
which grades up into the dolomite, and it is overlain by a shale that
contains Lower Cambrian fossils. Lithologically it resembles the
Tomstown dolomite of Cumberland County, Pa., and it is considered
to represent the basal part of the Tomstown.

KINZERS FORMATION

Name~—The Kinzers formation takes its name ¢ from an excellent
exposure in the Pennsylvania Railroad cut at Kinzers, just east of
Vintage. Here it is exposed in an almost complete section overlymg
Vintage dolomite.

Distribution—The Kinzers formatmn in the McCalls Ferry-Quar-,
ryville district occurs in two synclinal folds in the Vintage dolomite
2 miles north of Gap. It is more widely exposed to the north, in the
valley west of Barren Hill and Welsh Mountain, and north and north-
west of Lancaster. Being a thin, shaly formation between two dolo-
mites, it forms narrow hills by differential erosion. No quarries
have been operated in it in-the vicinity of the Mine Ridge upland
and Welsh Mountain, but north of Lancaster, where the formation is
largely a shale, it has been quarried extensively.

Lithologic chwm(;tev'.—At the base of the formation there are a
few thin beds of impure dolomite that weather to an earthy tripoli
containing at many .places remains of Salterella, brachiopods, and
trilobites. These beds are followed by a variable thickness of blue
hackly shale as much as 50 feet thick in places. The earthy tripoli
and shale beds are shown in Plate 8, 4, overlying Vintage dolomite.
Above the shale is a variable series of dark banded argillaceous
dolomites that weather to tough buff ribbed argillaceous rocks,

4 Walcott, C. D., Cambrian rocks of Pennsylvania: U. s Geol Survey Bull, 134, pp.
15-16, 1896.

4 Stose, G. W., and Jonas, A. I, The Lower Paleozolc section of southeastern Penn-
sylvania ;: Washington Acad. Sci. Jour., vol. 12,