





Geology of the West-Central Part
of the Southern Anthracite Field
and Adjoining Areas, Pennsylvania

By GORDON H. WOOD, Jr., J. PETER TREXLER, and THOMAS M. KEHN

GEOLOGICAL SURVEY PROFESSIONAL PAPER 602 .

A study of part of one of the classic areas
of geology and of the surrounding region

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1969



UNITED STATES DEPARTMENT OF THE INTERIOR
STEWART L. UDALL, Secretary

GEOLOGICAL SURVEY

William T. Pecora, Director

Library of Congress catalog card No. GS 68-298

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402



CONTENTS

Physical features_ - ______ . __________________
Present investigation
Previous work__ . _______ . _____
Acknowledgments_____ . ___ . _______________
Principal geologic features_ __________________________
Stratigraphy _ . - . ...
Ordovician System_______ _______________________
Martinsburg Shale__________________________
Ordovician-Silurian uneonformity._________________
Silurian System.______ .. ____ . _____________.__.__
Tuscarora Sandstone
Clinton Formation_- . _____ ... _____________
Bloomsburg Red Beds
Wills Creek Shale___________________________
Tonoloway Limestone_ ___.______________.____
Silurian and Devonian roeks__________ e
Keyser Limestone_ ... _ .. ____._____.____
Devonian System__ _____________________________
Helderberg Formation_______________________
Oriskany Group_ . __________________________
Shriver Chert_ . .. ... ___
Pre-Ridgeley unconformity_ _____________
Ridgeley Sandstone. ... ________________
Post-Ridgeley unconformity______________
Needmore Shale_ ___________________________
Selinsgrove Limestone_______________________
Hamilton Group___- . _______________________
Marcellus Shale_ _ . ________________._.___
Mahantango Formation_ .. ____.___.____

Lower shale and sandstone member___

Montebello Sandstone Member_ ____

Upper shale member________________

Thickness of the Mahantango Forma-

Depositional environment, age,
correlation of the Mahantango For-

Susquehanna Growp- - - - .o _________.____
Trimmers Rock Sandstone_______________
Devonian and Mississippian roeks_ . .. ___.__._____.
Catskill Formation.__._______________________
Irish Valley Member____________________
Damascus Member_ ____________________
Honesdale Sandstone Member____________

Cherry Ridge Member__._______________

Buddys Run Member___________________

Spechty Kopf Member__________________
Thickness of the Catskill Formation_______
Pre-Pocono unconformity
Mississippian System_________ . ________________
Pocono Formation

el
©
K

© O 000000 ~J DU W

Stratigraphy—Continued
Mississippian System—Continued
Pocono Formation—Continued
Deposition of the Pocono Formation______
Age and correlation of the Pocono Forma-

Mississippian and Pennsylvanian rocks_________.__
Mauch Chunk Formation________________._.__
Lower member______________________.__

Middle member. - _ . ________________._.

Upper member_ . _________.___._____._.___

Sections of the Mauech Chunk Formation. _
Deposition of the Mauch Chunk Formation_

Age of the Mauch Chunk Formation______
Pennsylvanian System_________________________.__
Pottsville Formation_ - ____________________
Tumbling Run Member_________________
Schuylkill Member..._ ... ____________

Sharp Mountain Member_____________.__.
Thickness of the Pottsville Formation_____
Deposition of the Pottsville Formation.- ...

Age and correlation of the Pottsville Forma-

L1110« PR

Llewellyn Formation______________ . _...__
Quaternary deposits__ . - ____
Talus - - e
Alluvium . - - - e meeee
Strueture e ccmmm e
Structural features formed during the Taconic
OTOZENY - - - — o coommmmmmmmm e m e e mmmmmmme e
Structural features formed during the Acadian
OFOZENY - - - - - e cccoemmemmmmmm e memmmm e
Structural features formed during the Appalachian
OTOZENY - - - <o memmmmmmmmmcmmmm e mm oo ma
FOldS. - oo oo eee e mmmm e
Broad Mountain anticlinorium_ .. _.__.___

New Bloomfield antielinorium_____.___.__
Minersville synelinorium__________——--__
Anticlines - - e
Hooflander Mountain anticline_ __.___

Frackville anticline_ _________._..--_-

West West Falls anticline_ ...~

Branchdale anticline_ - _ . ___ . ._--_-

Big Lick Mountain anticline. .- ___._.

Joliet anticline_ _ _ _ - oae--

Roedersville anticline. - . ____._ -

Synelines- - -«
Heckscherville syneline. .-~

Little Mountain syneline_._______--_-

North Little Mountain syneline_ .. -_.

Deep Creek syneline_ _ _____ ...

Donaldson syneline_ . - ________----

Tremont syncline_ ... .. _____ .-

Dauphin syneline__ ... __..-----

Pine Grove syneline___._____.------

Page



v CONTENTS

Page
Structure—Continued Economic geology - _ - - oo
Struectural features formed during the Appalachian C08) - e e
orogeny—Continued History and methods of mining_..____________
Faults_ e __ 93 Extent of mine workings___ . _______________
Low-angle folded thrust and underthrust Condition of mine workings__________________
taulbs. .. 94 Produetion. ... ...
Fisher Ridge fault. _________________ 94 Coal bedS. oo
Hegins fault________________________ 94 Coal beds of the Tumbling Run Member of
Mauchono fault_ - __________________ 95 the Pottsville Formation_______________
. Pottchunk fault. - __________________ 97 Lykens Valley No. 6 coal bed________
Unconformity versus structural origin Lykens Valley No. 5 coal bed_____.__
of Hegins, Mauchono, and Pott- Lykens Valley No. 4 coal bed________
chunk d’'seordaneies_______________ 98 Coal beds of the Schuylkill Member of the
Imbricate faults from the Pottchunk Pottsville Formation._________________
faulb_ o ___. 99 Lykens Valley No. 3 coal bed_______.
Hans Yost fault._______________ 100 Lykens Valley No. 2 coal bed________
Dyer Run fault_________________ 100 Lykens Valley No. 134 coal bed__.__.
Jugular fault___________________ 100 Lykens Valley No. 1 coal bed________
Mine Hill fault complex_ .. ______ 101 Coal beds of the Sharp Mountain Member
Low-angle nonfolded thrust and under- of the Pottsville Formation_.____.______
thrust faults. ________________________ 102 Scotty Steel No. 2 coal bed__________
Reservoir fault.____________._____.___ 102 Scotty Steel No. 3coal bed___._.______
Blackwood fault_ __ _________________ 103 Little Buck Mountain (No. 4) coal
Sharp Mountain fault_______________ 103 bed. -2
Lorberry fault.___.________________. 104 Coal beds of the Llewellyn Formation_____
Sweet Arrow faul* zone______________ 104 Buck Mountain (No. 5) coal bed_____
High-angle reverse faults_ _______________ 105 Seven Foot (No. 6) coalbed_________
Newtown fault______________________ 106 Skidmore (No. 7) coal bed__ . __.______
South Newtown fault. _______________ 106 Bottom Split (No. 8) coal bed________
Tremont fault__ ____________________ 106 Middle Split (No. 814) coal bed______
Red Mountain fault . ______________ 107 Top Split (No. 9) coal bed_._________
Orwin fault- . ________________. 107 Holmes (No. 10) coal bed_ .. ________
Rausch Creek fault complex_ . _____._ 107 Primrose (No. 11) coal bed_ _________
Coal Mountain fault complex. .. ._.__ 107 Orchard (No. 12) coal bed_ .. ________
Big Lick fault complex.. . ____________ 108 Little Orchard (No. 13) coal bed.___.__
Applebee fault- .- . _________________ 108 Diamond (No. 14) coal bed_ . ________
White Horse and Round Head faults.. 108 Tracy (No. 16) coal bed_____________
High-angle faults in the northern part Little Tracy (No. 17) coal bed________
of thearea_______________________ 108 Peach Mountain (No. 18) coal bed____
Tear faults____ .. 108 Characteristics of the coal. - ________________
Beuchler fault__ .. _________________ 109 Physical properties_ . .. __________
East Branch Blackwood fault_.______ 109 Chemieal composition_ .. ________________
Bedding-plane faults_ _ _.____________.___. 109 Relation of fixed carbon to deformation.___.__
Short Mountain fault_ - _ ____________ 110 Amount of coal in the report area__._.__________
Joints_ __ __ . 110 Sand and gravel . . _ ... ..
Cleavage._ - - - oo 112 Road metal e
Regional teetonies_ - . _ .. .. __________________ 113 Building stone._ . - oo
Depth of deformation_ . ________________________ 115 | References._ __ - _ . oo
Structural history_______ . 116 | Index. e
ILLUSTRATIONS
[Plates are in pocket]
Prates  1-3. Columnar sections of Pennsylvanian rocks:

1. North trough of Minersville synelinorium.
2. Broad Mountain and Heckscherville syncline.
3. South trough of Minersville synelinorium.
4. Tectonic map of west-central part of Southern Anthracite field.

Page
117
117
117
118
118
119
121

122
122
122
124

124
124
124
124
124

125
125
125

125
126
126
127
127
127
128
128
128
129
129
130
130
130
130
130
131
131
131
134
137
139
139
139
139
145



CONTENTS

Page
FIGURE 1. Index map of Anthracite region and quadrangles_.._ ... ____ ... ___________________ 4
2. Index showing quadrangle names and areas of responsibility. . - .- ____.__.._____ 5
3. Isopach map of Bloomsburg Red Beds. . ___ _ e 14
4. Columnar sections of Silurian and Devonian rocks from base of Tonoloway Limestone
to top of Selinsgrove Limestone_____ _ e 18
5-11. Isopach maps:
5. Tonoloway Limestone. ____ _ _ __ e 20
6. Keyser Limestone and Coeymans and New Scotland Members of Helderberg
Formation. .o e 21
7. Mandata Member of Helderberg Formation_ . _ . ______________ 22
8. Shriver Chert. . . o e 23
9. Ridgeley Sandstone_.___ ____ _ ___ el 25
10. Needmore Shale_ e 27
11. Selinsgrove Limestone._ _ _ _ __ _ e 28
12. Columnar sections of Mareellus Shale_ _ _ _____ o iciieaas 30
13. Isopach map of Marcellus Shale_\ _ _____ .. 31
14. Columnar sections of Mahantango Formation - - - .- - - oo 32
15-18. Isopach maps:
15. Lower shale and sandstone member of Mahantango Formation________.____ 33
16. Montebello Sandstone Member of Mahantango Formation_______________ 34
17. Upper shale member of Mahantango Formation_.._ ... __.._____.___.._ 35
18. Mahantango Formation__ _____ _ _ e 36
19. Columnar sections of Trimmers Rock Sandstone____________ .. ____. 39
20. Isopach map of Trimmers Rock Sandstone. - _ oo 40
21. Columnar sections of Irish Valley and Damascus Members of Catskill Formation.____._ 43
22, 23. Isopach maps:
22. Irish Valley Member of Catskill Formation_ _ . ___ .. ______ .. _________ 44
23. Damascus Member of Catskill Formation. ... ________________ 46
24. Columnar sections of Honesdale, Cherry Ridge, and Spechty Kopf Members of Catskill
Formation . . . e 49
25-30. Isopach maps: - - -
25. Honesdale Sandstone Member of Catskill Formation._._________________. 50
26. Cherry Ridge Member of Catskill Formation_ _.___ . ___________ 52
27. Buddys Run Member of Catskill Formation____________________________ 54
28. Spechty Kopf Member of Catskill Formation_ __________________________ 56
29. Catskill Formation._ _ ________ e 57
30. Members of Catskill Formation older than Spechty Kopf Member_________ 58
31. Columnar sections of Pocono Formation. __ . _ ... oo 60
32-34. Isopach maps:
32. Beckville Member of Pocono Formation._______________________________ 61
33. Mount Carbon Member of Pocono Formation___________________________ 62
34. Pocono Formation.. ... e 64
35. Columnar sections of Mauch Chunk Formation_____ . __________________________.__ 69
36-38. Isopach maps:
36. Tumbling Run Member of Pottsville Formation__.___________________.___ 71
37. Schuylkill Member of Pottsville Formation. _________ .. _________________ 73
38. Sharp Mountain Member of Pottsville Formation_ .. ____________________ 75
39. Contour map of maximum diameter of pebbles and cobbles in the Sharp Moun-
tain Member of the Pottsville Formation .. __________________________________ 76
40. Isopach map of Pottsville Formation________________ . .. 77
41. Orientation of joints in the report area, with reference to regional plunge and strike of
structural grain___ e 111
42, Isocarb map of the west-central part of Southern Anthraeite field___________________ 136




Vi

TABLE

CONTENTS

TABLES

. Observed ranges of plant fossils in the Llewellyn Formation and upper part of the

Pottsville Formation _ _ _ _ _ e

. Production of anthracite from the Anthracite region, Southern Anthracite field, and

TEPOTt Area e mmmmmcmeea o

. Average thickness and range in thickness of Llewellyn and Pottsville coal beds.______
. Physical properties of semianthracite and anthracite from the west-central part of the

Southern Anthracite fleld_ . __ __ __ __ __ e

. Chemical analyses of bed samples from the west-central part of the Southern Anthra-

cite field. . e

. Chemical analyses of breaker samples from the west-central part of the Southern Anthra-

eite fleld. o e

. Average chemical analyses of breaker samples from the west-central part of the Southern

Anthracite field . . _ e

I’age

83

120
123

131

132

134



GEOLOGY OF THE WEST-CENTRAL PART OF THE SOUTHERN ANTHRACITE FIELD AND
ADJOINING AREAS, PENNSYLVANIA

By Gorpon H. Woop, JR., J. PETER TREXLER, and Tromas M. Kean

ABSTRACT

This report describes an area of about 450 square miles in
Berks, Dauphin, Lebanon, Northumberland, and Schuylkill
Counties of the Anthracite region, east-central Pennsylvania.
The stratigraphy and structure of about 100 square miles of
the west-central part of the Southern Anthracite field and ad-
jacent areas of the Klingerstown, Lykens, Minersville, Pine
Grove, Swatara Hill, Tower City, Tremont, and Valley View
714-minute quadrangles are described in detail.

The area, which is a part of the Appalachian Mountains, lies
in the Delaware-Susquehanna Rivers segment of the middle
section of the Valley and Ridge or folded Appalachian province,
Tributaries of the Susquehanna River drain the central and
western parts of the area; the eastern part is drained by the
Schuylkill River. Resistant strata support a series of sinuous
linear-strike mountain ridges separated by strike valleys which
have been eroded in less resistant strata.

Middle Ordovician to Upper Pennsylvanian rocks that aver-
age about 24,500 feet thick crop out in the area. At many places,
thin deposits of alluvium, soil mantle, and talus of Quaternary
age overlie an erosion surface that has been cut into these rocks.
Except for 700 to 1,800 feet of deltaic red beds of early Late
Silurian age, the lower 8,000 to 9,600 feet of the Paleozoic se-
quence accumulated in the sea. Marine waters regressed about
the middle of Late Devonian time, and the remainder of the
Paleozoic sequence was deposited under continental conditions.

The upper 1,000% feet of the Martinsburg Shale of Middle
and Late Ordovician age underlies the southeastern part of the
area, but is everywhere covered by talus. Where the Martins-
burg is exposed south and east of the area, rocks in the upper
part of the formation consist of interbedded marine gray shale,
siltstone, sandstone, and limestone. After deposition of the
Martinsburg, the sea regressed westward, and the uplifting,
folding, faulting, and erosion of the Taconic orogeny took
place in Late Ordovician time.

At the end of the Taconic orogeny in earliest Silurian time
the sea transgressed southeastward and deposited about 400 feet
of the gmyi§h detritus of the Tuscarora Sandstone. This detri-
tus was eroded from a highland that lay to the southeast. The
overlying Clinton Formation of Middle Silurian age grades
downward into the Tuscarora and counsists of 2,300+ feet of
red and gray detritus that was also derived from the highland.
During early Late Silurian time the sea regressed northwest-
ward, and 700 to 1,800 feet of the Bloomsburg Red Beds was
laid down upon the Clinton in a deltaic environment. After dep-
osition of the red beds the sea again transgressed towards the
southeast in middle Late Silurian time, and the varicolored
Wills Creek Shale, 0 to 400 feet thick, and the gray Tonoloway
Limestone, 0 to 400 feet thick, accumulated successively. In
latest Silurian and earliest Devonian time, the gray Keyser

Ljmestone, 0 to 200 feet thick, was deposited with apparent
conformity on the Tonoloway.

Definite Early Devonian sedimentation commenced with the
Helderberg Formation, 0 to 100 feet thick. which consist~ of
the gray Coeymans and New Scotland Limestone Members and
the Mandata Member (shale). The Helderberg is overlain suc-
cessively by upper Lower Devonian rocks of the dark-gray
Shriver Chert, 0 to 80 feet thick, and the gray Ridgeley Stnd-
stone, 0 to 60 feet thick. Stratigraphic relations between the
Shriver and Ridgeley are conformable in the northwestern part
of the area, but the Shriver and all subjacent Lower Devomian
and Upper Silurian rocks down to and including the upper part
of the Bloomsburg Red Beds are truncated in the central and
southern parts by a pre-Ridgeley erosion surface, This surface
developed because the Auburn promontory was uplifted south of
the report area, following Shriver deposition. After erocion,
the region subsided slightly, the sea transgressed southeast-
ward toward the promontory, and sediments of the Ridgeley
accumulated.

A minor rejuvenation of the Auburn promontory in the
southern part of the area forced the sea to retreat northwest-
ward in late Barly or early Middle Devonian time. After the
sea regressed, the upper beds of the Ridgeley were slightly
eroded at most places, and locally the formation was com-
pletely removed. The sea then transgressed from the north-
west upon this erosion surface, and the dark-gray Needmore
Shale, 0 to 100 feet thick, was deposited. At the end of Needmore
deposition the region adjacent to the promontory was ggain
slightly elevated, and the Needmore was removed from the
southern part of the area. The sea again transgressed south-
eastward, and the gray Selinsgrove Limestone, 20 to 100 feet
thick, accumulated. Successively, the dark-gray to black Mar-
cellus Shale, 60 to 700 feet thick, and the Mahantango For-
mation, 1,200 to 2,000 feet thick, of late Middle Devoniar age
were laid down on the Selinsgrove. The gray Montebello £ind-
stone Member, medial unit of the Mahantango, records a major
rejuvenation of the Auburn promontory.

About the beginning of the Late Devonian or late in the Middle
Devonian, mountain making that heralded the Acadian orogeny
commenced southeast of the area and gradually uplifted a land-
mass of considerable size. Detritus derived from the land™ass
was transported northwestward to the sea and distributed by
currents over a region much larger than the area of this renort.
It was consolidated into the Trimmers Rock Sandstone, 1,3% to
2,400 feet thick. As this infiux of sediment gradually exceeded
the capacity of the subsiding basin, the sea slowly regrossed
northwestward with many reversals. During regressicn, a
sequence of intertonguing gray marine and red continental
clastic rocks accumulated that ranges in thickness from about
200 to 2,250 feet. These marine and continental strata are the
Irish Valley Member of the Catskill Formation. Near the end
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of Irish Valley sedimentation, or early in the deposition of over-
lying sediments, the sea regressed, and almost all succeeding
Devonian, Mississippian, and Pennsylvanian sediments are con-
tinental deposits.

From middle Late Devonian to Barly Mississippian time the
red and gray continental beds of the middle and upper parts of
the Catskill Formation were laid down. This sequence in the
northern part of the area is divided into the predominantly red
Buddys Run Member, 4,200 to 4,800 feet thick, and the overlying
gray and red Spechty Kopf Member, 0 to 1,000 feet thick. In
the southern part it is divided, in ascending order, into the pre-
dominantly red Damascus Member, 2,600 to 4,650 feet thick;
the gray and red Honesdale Sandstone Member, 0 to 700 fect
thick ; the predominantly red Cherry Ridge Member, 700 to 1,800
feet thick; and the gray and red Spechty Kopf Member, 0 to
2,400 feet thick.

At least three phases of the Acadian orogeny of the Late
Devonian and Early Mississippian age are recorded by rocks
of the Catskill Formation. The climaxes of these phases are
marked by conglomerates in the Honesdale and the lower part
of the Spechty Kopf and by an angular unconformity that bevels
the Spechty Kopf. This unconformity shows that in Early Missis-
sippian time, deformation associated with the orogeny advanced
into the area from the southeast.

The Spechty Kopf is overlain unconformably by the Beckville
Member of the Pocono Formation of Early Mississippian age
which ranges in thickness from about 300 to 800 feet and con-
sists of a gray basal conglomerate, gray finer clastic rocks, and
a few thin beds of coal. The Mount Carbon Member of the
Pocono Formation conformably overlies the Beckville and has a
similar lithology. It ranges in thickness from about 400 to 1,000
feet. The basal conglomerates of these members seem to represent
clastic detritus that was eroded from periodically rejuvenated
parts of the Acadian Mountains.

Red and gray beds of the Upper Mississippian and Lower
Pennsylvanian Mauch Chunk Formation, 3,000 to 7,500(?) feet
thick, succeed the Pocono conformably. Three informal members
are recognized in the Mauch Chunk. The upward decrease in
grain size of the interbedded red and gray detritus of the lower
member, 400 to 800 feet thick, records the gradual reduction of
the Acadian Mountains. Most of the red beds of the Mauch
Chunk are included in the middle member, which is 2,000 to
6,000 feet thick. These beds are composed largely of clay, silt,
and fine sand. The fine grain size, plant fossils, and associated
sedimentary features in these beds suggest that the middle mem-
ber accumulated on flood plains or on a coastal plain at a con-
siderable distance from a reduced source area. Clay- to cobble-
sized detritus in interbedded red and gray beds of the upper
member, 400 to 900 feet thick, indicate that the source area to
the southeast was uplifted during latest Mississippian time, This
uplifting marked the beginning of the Appalachian orogeny.

The deposition of red beds ceased at the beginning of the
Pennsylvanian in the southern part of the area but continued
for some time thereafter to the north. Red sediments of the
Mauch Chunk were succeeded by intertonguing relations of 800
to 1,500 feet of gray fine- to coarse-grained sediments of the
Pottsville Formation, which is divided, in ascending order, into
the Tumbling Run, Schuylkill, and Sharp Mountain Members.
The Tumbling Run consists of 275 to 600 feet of grayish pebble
and cobble conglomerate, sandstone, and siltstone beds and sev-
eral beds of anthracite. Although cobble conglomerates are vir-
tually absent, the conformably overlying 300- to 700-foot thick
Schuylkill Member of late Early Pennsylvania age is lithologi-
cally similar. The Sharp Mountain Member of Middle Pennsyl-

vanian age rests conformably on the Schuylkill Member and
consists of 100 to 315 feet of beds similar to those of the
Tumbling Run. Pebbles and cobbles in the upper member of the
Mauch Chunk Formation and in the Tumbling R n and Sharp
Mountain Members of the Pottsville Formation contain the
sedimentary record of the two earliest pulsations of the Appa-
lachian orogeny in Pennsylvania.

The Llewellyn Formation of late Middle and Late Pennsyl-
vanian age reaches its maximum known thickness of about 3,500

.feet in the area. It is composed of grayish sandstone, siltstone,

shale, and conglomerate and numerous thin to thick beds of an-
thracite. Sediments of the formation seem to have been laid down
on a large poorly drained flood plain or coastal plain that lay
northwest of a generally low but in places rejuven-ted mountain
belt. The plain was dotted by many swamps during deposition ;
some of these covered hundreds and perhaps thousands of square
miles. Deposits of vegetation that accumulated in these swamps
were partly decomposed to peat and eventually buried by suc-
ceeding layers of sediment. The peat gradually al“ered to lignite
and then was metamorphosed through the bitumirnus-coal series
to anthracite. Early metamorphic changes seem to have been
caused by the pressure of increasing overburden, whereas later
changes were primarily due to horizontal pressires related to
folding and faulting, and secondarily, to pressure from increas-
ing overburden.

The geologic structure is complex. Folding and faulting related
to three periods of mountain building affected tle area. During
Late Ordovician time the southeastern part of the area was
folded by forces of the Taconic orogeny. In Early Mississippian
time, forces of the Acadian orogeny compressed the rocks of the
area into a series of large-amplitude folds which trend north-
east, and, in the latter part of the Paleozoic Era during the
Appalachian orogeny, the area was intensively deformed. Rela-
tions of folds and faults formed during the orogeny indicate that
mountain building commenced southeast of the area and that
it gradually advanced towards the northwest with increasing
vigor. By the end of the orogeny a multitude of complexly inter-
related structural features had formed. Chief among these were
a series of northeast-trending anticlinoria and synclinoria, nu-
merous subsidiary doubly plunging en echelon fo'ds, a multitude
of low-angle folded and nonfolded thrust faults, numerous high-
angle reverse faults, and a few large tear faults.

Most structural features in the report area formed during the
Appalachian orogeny. The largest of these are the Minersville
synclinorium, which splits westward into two subsynclinoria,
and the Broad Mountain and New Bloomfield anticlinoria. The
subsidiary anticlines and synclines of these composite fold
systems are mainly on the limbs and in the trou~hs. They range
in length from a few inches to many miles and in amplitude
from several inches to thousands of feet. The principal sub-
sidiary folds are the Branchdale, Bisenhuth Run, Frackville,
Hooflander Mountain, Joliet, Mine Hill, Perked Mountain,
Powder Hill, Roedersville, and West West Falls anticlines and
the Beury, Dauphin, Deep Creek, Donaldson, Heckscherville,
New Boston, and Pine Grove synclines. Most long synclines are
closed, asymmetric, and V-shaped in their central parts; in
contrast, large anticlines are broad, open, and more nearly
symmetrical. Near their ends the cross sections of many synclines
are U-shaped, whereas those of most anticlines are inverted
v-shaped.

The Minersville synclinorium and the Broad Mountain anti-
clinorium, which have amplitudes of 10,000 ta 15,000 feet, are
the largest structural features. Most subsidiary folds and faults
are on the limbs of these large composite fcld systems. The
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main trough and the south trough of the synclinorium separate
generally upright strata to the north from generally overturned
strata to the south. Rock sequences in the main trough and in
the north and south troughs of the synclinorium were greatly
thickened during folding. The development of the Mauchono
and Pottchunk faults seems to be related to this thickening.
Low-angle thrust faults formed on the north limb of the syn-
clinorium and across the crest of the anticlinorium before exten-
sive folding took place as the result of differential transmission
of force through strata of differing compentencies. The thick,
rather competent strata of the Pocono and Pottsville Forma-
tions were more capable of transmitting force than were the
intervening thick incompetent strata of the Mauch Chunk For-
mation. During the early stages of folding, these competent
strata tore loose from the less competent strata and moved dif-
ferentially on the Pottchunk fault above and the Mauchono fault
below. As faulting progressed, the upper plate of the Pottchunk
fault was broken into imbricated blocks by the successive devel-
opment of the Hans Yost, Dyer Run, Jugular, and Mine Hill
low-angle trust faults. The area was then more tightly com-
pressed ; many subsidiary folds formed on the limbs of the anti-
clinoria and synclinorium; the planes of the Mauchono and
Pottchunk faults were folded ; and numerous high-angle reverse
faults, such as the Newtown, South Newtown, Tremont, and
Red Mountain, formed. As compression increased, the south limb
of the Minersville synclinorium was overturned, perhaps into a
nappe, and the low-angle Sweet Arrow and Blackwood faults
formed. )

The west-central part of the Southern Anthracite field has
yielded about 318 million tons of anthracite valued at about $1.1
billion. Approximately 0.6 percent of the energy consumed in
the United States before 1960 was from coal produced in the
area.

Nearly 7.6 billion tons of anthracite is estimated to have
underlain the area before mining began. Of this original con-
tent of anthracite, about 6.3 billion tons is estimated to have
been in beds more than 42 inches thick, and about 5.7 billion
tons of the original content lay within 3,000 feet of the surface.
About 2.6 billion tons of anthracite was believed (1961) to be
recoverable in the future within 3,000 feet of the surface; 1.9
billion tons of this recoverable anthracite is estimated to be
in beds more than 42 inches thick.

INTRODUCTION

This report describes the geology of the Klingers-
town, Liykens, Minersville, Pine Grove, Swatara Hill,
Tower City, Tremont, and Valley View 7l4-minute
topographic quadrangles in Berks, Dauphin, Lebanon,
Northumberland, and Schuylkill Counties (fig. 1). The
area of these quadrangles, about 450 square miles, in-
cludes the west-central part of the Southern Anthracite
field of the Anthracite region of eastern Pennsylvania.
The report is a result of investigations by geologists of
the U.S. Geological Survey from 1953 to 1963.

The structural geology of the report area is com-
plex and is characterized by numerous folds whose
limbs are broken by faults. Natural outcrops are rare,
commonly small, and probably amount to less than 1
percent of the land surface; within the Southern An-
thracite field, however, rocks are exposed at many places

in strip pits and roadcuts. Because of these exposures,
both natural and manmade, and the large amount of
data provided by mine maps and cross sections, the re-
port area is one of the better places in the central part of
the Appalachian Mountains to study the geometry snd
relations of folds and faults and to observe and inter-
pret the vagaries of “coal-measure” deposition.

Although anthracite had been mined in the area
for 150 years, the area probably contains as much as
50 percent of the remaining reserves of coal in the
Southern Anthracite field, and it probably contains
greater remaining reserves than any other comparable
area in the Anthracite region. The actual tonnage of
coal produced is unknown because records that were kept
during the early period of mining were chiefly for com-
mercial district or county rather than for mines, because
a considerable unreported tonnage was produced during
the 1930’s by independent or “bootleg” miners, and be-
cause official tonnage records are maintained by the
amount of coal cleaned at preparation or breaker plauts,
by county, and by coal field, and only in some instances
by mine. It is estimated that about 318 million tons of
anthracite valued at about 1.1 billion dollars was pro-
duced in the area from 1790 to 1960.

Maps and structure sections of the eight described
quadrangles do not appear in this report. They have
been published by the U.S. Geological Survey as eight
1:24,000-scale Geologic Quadrangle maps with 16 strc-
ture sections (Trexler and Wood, 1968a—c; Wood, 1¢€48;
Wood and Kehn, 1968a, b; Wood and Trexler, 19€8a;
and Wood and others, 1968) and two Miscellaneous Greo-
logic Investigations maps containing seven 1:12,000-
scale coal maps and 44 structure sections (Wood and
Trexler, 1968b, c). In this paper the geologic maps are
hereafter referred to by their “GQ” number. The res der
should consult these 15 geologic and coal maps and 60
structure sections in conjunction with this paper to de-
rive maximum benefit from all.

The geology of two small areas in the Southern An-
thracite field has been treated in preliminary reports
published by the U.S. Geological Survey (Wood and
others, 1958; Wood and others, 1962). Revised maps
and cross sections of these two areas are included in
the Miscellaneous Geologic Investigations maps men-
tioned above (Wood and Trexler, 1968b, ¢). The stratig-
raphy and nomenclature of some rock units and the
structural development of the Anthracite region lave
been described in several short papers (Wood and otl ars,
1956; Arndt and others, 1959; Arndt and Wood, 1960;
Wood and Kehn, 1961 ; Trexler and others, 1962 ; Wood
and others, 1962; Arndt and others, 1962). The con-
clusions reached in these short papers are incorpor~ted
in this report.
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F1eUure 1.—Index map of the Anthracite region, east-central Pennsylvania, and location of quadrangles.

PHYSICAL FEATURES

The area is in the Delaware-Susquehanna Rivers seg-
ment of the middle section of the Valley and Ridge or
folded Appalachian province of Fenneman (1938).
Many northeastward-trending mountain ridges and val-
leys cross or extend into the area from the surrounding
region. The Schuylkill River drains much of the Miners-
ville quadrangle and a small part of the Swatara Hill

quadrangle. Tributaries of the Susquehanna River drain
the remainder of the area.

The mountain ridges are held up by gently to steeply
dipping sandstone and conglomerate units, whereas the
valleys are chiefly underlain by shale and siltstone units.
Altitudes in the valley bottoms generally range from
500 to 900 feet above sea level and on the mcnntain tops

from 1,200 to 1,850 feet above sea level.
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The rocks are complexly folded and faulted. Region-
ally, the fold pattern plunges to the northeast; many of
the smaller folds and some of the larger die out within
the area. Many ridges and valleys double back and forth
In a series of pointed zigzags, thereby outlining the
structural configuration of the plunging fold pattern.
The names of the ridges change at each sharp bend and
in places at water gaps. The most persistent of these
ridges is underlain by the Pocono Formation ; others are
underlain by the Tuscarora Sandstone, the Clinton For-
mation, the Montebello Sandstone Member of the Ma-
hantango Formation, and the Pottsville Formation.

The only deep wind gap is in Fisher Ridge northwest
of Klingerstown. However, shallow and incipient wind
gaps are scattered throughout the area. Swatara Creek
has cut a large water gap in Second Mountain north of
Pine Grove and another in Sharp Mountain south of
Tremont. The gap of Lorberry Creek in Sharp Moun-
tain a few miles west of Tremont is similar in size and
depth. Mill Creek has cut an impressive gap through
Second Mountain north of Suedberg; by contrast, the
gaps eroded in Sharp Mountain by its tributaries, Fish-
ing, Black Spring, and Gold Mine Creeks, are consider-
ably smaller. Rattling Creek flows through a small gap
in Berry Mountain south of Lykens, and Bear Creek
has eroded a similar gap through Big Lick Mountain
north of the same town. From a distance, the most im-
pressive gap is that cut by Pine Creek through Mahan-
tango Mountain south of Klingerstown.

PRESENT INVESTIGATION

The study of the geology of the Southern Anthracite
field began in the summer of 1953 and continued without
interruption to 1963. The investigation has been under
the direction of Gordon H. Wood, Jr., and has included
at various times, J. Peter Trexler, Thomas M. Kehn,
Julian Soren, and Andy Yelenosky. Areas of mapping
responsibility are shown in figure 2.

Aerial photographs, at a scale of 1:20,000, were used
for geologic mapping because they show more of the
features related to mining than do topographic maps
and because lithologic units and structural features too
small to be identified on topographic maps can be traced
through areas of heavy vegetation, mining activity, and
farming. Within the anthracite field, geologic data were
delineated on the aerial photographs and then trans-
ferred by vertical projector or multiplex to 1:10,000-
scale topographic bases used for compilation of the coal
maps. Mine data obtained from companies, engineers,
and individuals were reduced photographically from
scales of 1 inch = 100 feet, 1 inch = 300 feet and 1 inch
= 400 feet to the 1: 10,000 scale and then combined with
the field data on the coal maps. Before the completion
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F16URE 2.—Index showing quadrangle names and areas of
responsibility. Geologic mapping by U.S. Geological Survey:
Gordon H. Wood, Jr., 1953-60; J. Peter Trexler, 1953-58,
1960; Thomas M. Kehn, 1954-56, 1958-59; Andy Yelenosky,
1953-56 ; Julian Soren, 1954-57.

of each coal map (Wood and Trexler, 1968 b, ¢), many
structure sections were plotted utilizing all availeble
subsurface information. Some of these structure sections
are included in GQ-689, 690, 691, 692, 698, 699, 700, and
701 and Wood and Trexler (1968b, c). Geologic data
outside the coal field were delineated on the aerial photo-
graphs and subsequently transferred by similar methods
to the 1:20,000-scale topographic bases used for compi-
lation of the quadrangle maps. These latter maps were
completed by transferring selected data from the coal
maps with a vertical projector.

This report was prepared by Wood from 1961 to 1964.
He compiled all maps and illustrations except the Kling-
erstown, Lykens, and Valley View 7l4-minute quad-
rangles and the Lykens quadrangle coal map. Trexler
hastened report completion by preparing the above-
listed map exceptions and by writing a report (1964) on
the western part of the area. Kehn was responsible for
much of the fieldwork and preliminary office compila-
tion of data and contributed materially to interpre-
tation of stratigraphic and structural data.

Charles B. Read examined numerous plant collections
and determined that floral sequences were missing lo-
cally. This knowledge aided in identification and inter-
pretation of folded thrust faults at several places. Wal-
lace de Witt, Jr., and George W. Colton studied the
Devonian stratigraphy and thereby increased the cer-
tainty of regional correlations of rocks of this age.

Harold H. Arndt, geologist in charge of U.S. Geolog-
ical Survey work in the Western Middle Anthracite
field, cooperated fully with the authors by contributing
pertinent data, ideas, criticisms, and conclusions. I -
ing many phases of the investigation he worked vith
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Southern Anthracite field personnel on problems of
mutual interest.
PREVIOUS WORK

The Anthracite region has been considered by many
geologists to be an area where the geology is known.
This belief was based on the assumption that the geol-
ogy was adequately explained in the reports of the First
(1836-58) and Second (1875-95) Pennsylvania Geolog-
ical Surveys. Since the completion of these surveys in
1895, much additional mining and geologic mapping
has made it apparent that the reports of these surveys
do not describe the presently known structural and
stratigraphic complexities. In addition to the reports of
these surveys, many articles have been published con-
cerning parts of the region or limited phases of the geol-
ogy, mining, and physiography; numerous others
discuss the classification, origin, petrography, trans-
portation, and utilization of anthracite, and hundreds
contain references to the geology and mining industry.

The following paragraphs list in chronologic order
some of the more important articles contributing to a
geologic understanding of the area and the surrounding
region. Many other reports are cited in the text and are
listed in the “References.”

The earliest known geologic reference to the area is a
report on the Swatara mining district (Strong and
others, 1839). Shortly thereafter, Taylor (1840, 1841)
described the Dauphin syncline and published the
earliest known cross section of folded rocks in the
United States. One of these sections illustrated Taylor’s
concept of deformation in the western part of the report
area.

Rogers in 1843 postulated that the coal of the eastern
United States formed in a great, gradually sinking
swamp adjacent to the sea. He explained the easterly
decrease in volatile matter as the result of steam and gas
being emitted through cracks as the Appalachian
Mountains were folded. The report area was cited as the
locality where the deformation of rocks and devolatil-
ization of coal were greatest.

Bowen (1848) published the first map showing the
extent of the coal fields of the Anthracite region.
Within a decade, Rogers (1858a, b), released a geologic
map of the region and published a comprehensive report
on Pennsylvania which named many stratigraphic
units, described most of the principal structural fea-
tures, and described some relations between strati-
graphic units and structural features in the area.

Nearly 20 years later, Lesley (1876) and Franklin
Platt, and W. G. Platt (1877) renamed some of the
stratigraphic units that were originally recognized
by Rogers. Principal among these were the Pocono,

Mauch Chunk, and Pottsville Formations of modern
nomenclature.

From 1880 to 1895, numerous reports wer> published
by the Second Pennsylvania Geological Survey on the
geology of the report area and the surrounding region.
Principal among these were: I. C. White’s (1882, 1883)
reports on the stratigraphy of Devonian and Mississip-
pian rocks in eastern Pennsylvania; Ashbur-er’s (1883-
1885) reports on the Southern Anthracite field ; the geo-
logic maps of Dauphin (Sanders, 1881), Berks (Prime
and others, 1884), and Schuylkill (Smith, 1891) Coun-
ties; and the summary descriptions of Silurian, Devo-
nian, Mississippian, and Pennsylvanian rotks (Lesley
and others, 1892-95, p. 721-1915; Smith, 1875, p. 2072~
2146).

In 1898, Stevenson concluded that Pennsylvania an-
thracite differed from bituminous coal because of differ-
ences in original composition rather than because of
metamorphism. Willis (1893) in the same year pub-
lished an analysis of deformation in the Appalachians
and concluded that the localization of folds in the An-
thracite region was due to initial differences in thickness
of sedimentary units.

A few years later C. D. White (1900, p. 749-930)
described the stratigraphy, correlated the ccal beds, and
determined the floral succession of the Pottsville For-
mation in the report area and elsewhere in the Southern
Anthracite field. In 1904, he correlated this formation
from the type locality southwestward to Alabama and
stated that the oldest rocks occurred in the area covered
by this report and in the southern Appalachians.

Stevenson early in 1904 also correlated the Pottsville
Formation from the area southwestward into Alabama,
and in 1906 (p. 65-228), he correlated tl~ overlying
“coal-measures” (Llewellyn Formation) of the area
with the “coal-measures” of western Pennsylvania and
Ohio.

Shortly thereafter, Barrell, in reports published in
1907 and 1913-1914, concluded that the Catskill Forma-
tion in the vicinity of the report area was deposited on a
great delta whose source lay to the east. He also postu-
lated that the Mauch Chunk Formation accumulated on
a subaerial plain and delta that was dry much of the
year.

The carbon-ratio theory was advanced in 1915 by
C. D. White. According to White, the eastward decrease
in volatile matter and the increase in fixed carbon con-
tent of coal in the eastern United States was due to
lateral compression by folding and thrusting. The rela-
tion between low volatile matter, high fixed carbon con-
tent, and structural complexity in the Southern An-
thracite field was cited by White as proving his theory.
In 1925, White published a comprehensive summary
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showing that the rank of coal is not due to original
composition or depth of burial, but is due to progressive
regional carbonization as the result of lateral compres-
sion. Turner, in 1934, supported White by postulating
that carbonization in the southern part of the Anthra-
cite region was brought about by horizontal thrust
pressures applied prior to and from a different direction
than the forces that formed the present fold system.

In 1933, Willard determined that in the region be-
tween the Lehigh and Susquehanna Rivers the basal
beds of the Catskill Formation are younger towards the
west. This westward decrease in age was attributed to
intertonguing between continental red beds of the Cats-
kill Formation and marine gray beds of laterally equiv-
alent but locally subjacent rock units.

C. D. White (1934) and Willard (1936) independ-
ently theorized that an unconformity exists between the
Catskill and Pocono Formations in the vicinity of the
Southern Anthracite field. Neither, however, presented
data supporting their theories.

During the years from 1931 to 1943, Willard, F. M.
Swartz, C. K. Swartz, and A. B. Cleaves described in
varying detail the Ordovician to Devonian rock se-
quence of the southern part of the Anthracite region.
Willard (1934; 1935a—d; 1936; 1939a; 1941; 1943) con-
centrated his work largely upon Middle and Upper
Devonian rocks and established much of the stratigra-
phic nomenclature used in this report. C. K. and F. M.
Swartz studied the Silurian and Lower Devonian rocks
east and west of the report area (Swartz, C. K. and
F. M., 1931, 1941; F. M. Swartz, 1939). Cleaves (1939)
described the Oriskany Group west of the area and with
Willard (Wilard and Cleaves, 1939) substantiated the
unconformity at the top of the Ordovician sequence.

During 1944 and 1945, two estimates of reserves of
anthracite were published. The first of these was by the
Pennsylvania Geological Survey (Pennsylvania Bur.
Statistics and Information, 1944) and the second, a cor-
rection of the first, was by Ashley (1945).

Commencing in 1950, a series of reports by members
of the U.S. Geological Survey on the Western Middle
and Southern Anthracite fields was published. This
report is one of the series. Most of these reports describe
the geology of parts of the Western Middle Anthracite
field (Rothrock and others, 1950; 1951a, b; 1953 ; Haley
and others, 1953, 1954 ; Kehn and Wagner, 1955 ; Danil-
chik and others, 1955; Maxwell and Rothrock, 1955;
Wood and others, 1958; Danilchik and others, 1962;
Arndt, Danilchik, and Wood, 1963; Arndt, Wood, and
Danilchik, 1963). Others describe stratigraphic corre-
lations and structural phenomena that are characteris-
tic of the two coal fields (Wood and others, 1956; Arndt
and others, 1959, 1962; Arndt and Wood, 1960; Trexler

and others, 1961, 1962; Wood and Kehn, 1961; Wood
and others, 1962). Two of these reports describe the
geology of small parts of the report area (Wood and
others, 1958, 1962).
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PRINCIPAL GEOLOGIC FEATURES

The rocks and unconsolidated sediments of the area
range in age from Ordovician to Recent. Ordovician
rocks consist of about 1,000 feet of shale and sanc'stone
with a few beds of limestone. Rocks of Silurian age
range in thickness from 2,700+ to about 4,500+ feet
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and are composed of a lower thin to thick sequence
of gray conglomerate, sandstone, and shale overlain suc-
cessively by a thick sequence of red sandstone, siltstone,
and shale and a thin sequence of limestone. Lower
Devonian rocks consist mostly of gray limestone, shale,
and sandstone: Middle Devonian rocks are predomi-
nantly gray to dark-gray fine-grained clastics; Upper
Devonian rocks are largely red sandstone, and shale.
Devonian rocks range in thickness from 8,500+ to
12,500+ feet. Rocks of Mississippian age are composed
of 1,000% to 3,800+ feet of gray conglomerate and
red sandstone, siltstone, and shale overlain by 8,000+
to 7,500+ feet of red sandstone, siltstone and shale, The
Pennsylvanian sequence, which locally contains a few
beds of red sandstone, shale, and siltstone at its.base,
consists largely of gray conglomerate, sandstone, silt-
stone, shale, and numerous beds of anthracite. It has a
maximum thickness of about 5,000+ feet. Deposits of
unconsolidated Quaternary alluvium and talus mantle
much of the area. These deposits locally are as thick as
as a few tens of feet on some hillsides and along some
valley bottoms.

The average thickness of the outcropping rocks is
about 24,500 feet. This great thickness of rocks has been
divided into 31 formations and members. In addition,
within the thicker formations and members, many
lithologic units have been mapped to aid in tracing
structural features and in understanding and correlat-
ing the sedimentary facies of the thicker units.

The geologic structure is complex, the intensity of
deformation increasing from northwest to southeast.
Folding, faulting, and erosion related to the Taconic
disturbance occurred southeast of the area in Late
Ordovician time and are presumed to have occurred
within the areas as well. Many east-northeast-trending
overturned and recumbent folds and nappes have been
identified southeast and east of the area (Drake and
others, 1960 ; Pennsylvania Geol. Survey, 1954). A late
phase of the Acadian disturbance deformed the rocks
along a similar trend in Early Mississipian time. Dur-
ir_lg the Appalachian orogeny in post-Early Pennsylva-
nian—pre-Late Triassic time, deformation again took
place along the east-northeast trend. The structural fea-
tures formed during the Taconic and Acadian disturb-
ances were deformed, obscured, and in some places
virtually obliterated by structural features developed in
the Appalachian orogeny. The earliest and latest struc-
tural features of the Appalachian orogeny seem to have
resulted from compression from the east-southeast and
east, but those formed during the medial part of the
orogeny seem to have resulted from compression from
the southeast rather than the east.

The structural features of the Anthracite region that
developed during the Appalachian orogeny formed in

a progressive sequence. This sequence has been divided
arbitrarily from northwest to southeast, on the basis of
increasing complexity, into five structural s*ages. Initi-
ally, the horizontal strata of the region were flexed into
broad, low folds (stage 1). The low folds were then suc-
cessively broken by low-angle thrust faults, built into
anticlinoria and synclinoria, and fracturec by higher
angle thrust faults (stage 2). The previously developed
thrust faults and folds of stage 2 were further folded
and broken by additional high-angle faults (stage 3).
As deformation continued, the folds were overturned
and further fractured by tear faults and additional
high-angle faults (stage 4). As the orogeny drew to a
close, recumbent folds and nappes formec south and
east of the area (stage 5; Arndt and Wood, 1960). The
interrelations of structural features in the Anthracite
region show that any area containing folds and faults
typical of the more complex stages and had previ-
ously undegone deformation characteristic of the pre-
ceding stages. The folds and faults characteristic of each
stage are preserved in discrete geographic parts of the
region. In a general way, structural features typical of
stage 3 occupy the report area north of tke trough of
the Minersville synclinorium, and those typical of
stage 4 occur between the trough and Blue Mountain.
South of Blue Mountain, recumbent folds and nappes
of stage 5 prevail.

STRATIGRAPHY
ORDOVICIAN SYSTEM
MARTINSBURG SHALE

The Martinsburg Shale of Middle and Late Ordo-
vician age was named from Martinsburg, W. Va., by
Geiger and Keith (1891), who stated that the forma-
tion overlay the Shenandoah Limestone and underlay
the Massanutten Sandstone. Various authors (Rogers,
1858b, p. 105; Lesley and others, 1895, p. 525-624;
Stose, 1909; Behre, 1927, p. 19-34, 1933, p. 138-148;
Stose, 1930, p. 634; Willard, 1943, p. 10€1; Pennsyl-
vania Geol. Survey, 1954, p. 6) have used a wide variety
of names and divisions for the Martinsburg. In this
report the Martinsburg is considered to b~ those beds
beneath the Tuscarora Sandstone.

The Martinsburg Shale underlies the somthern slope
of Blue Moutain in the Pine Grove and Swatara Hill
quadrangles (GQ-689, 691) but is covered by talus of
the overlying Tuscarora Sandstone whivh caps the
mountain. It is poorly exposed in a few places a short
distance southwest of Round Head in the {'watara Hill
quadrangle.

The formation is the oldest stratigraphic unit ex-
posed in the area; therefore, the nature of its basal con-
tact is not known. The upper contact is covered by talus,
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but east of the area at Schuylkill Gap in Blue Moun-
tain, the Tuscarora is believed to rest on the Martins-
burg unconformably. West of the area, at Susquehanna
Gap in the same mountain, Ordovician rocks younger
than the Martinsburg underlie the Tuscarora and are
presumably conformable with the Martinsburg
(Willard and Cleaves 1938, p. 6-7).

The thickness of the Martinsburg Shale in the area
is not known but probably greatly exceeds the 1,000 feet
believed to underlie Blue Mountain. Many geologists
have computed thicknesses of the formation in the belt
of outcrop between the Delaware and Susquehanna Riv-
ers to the south of the area. However, the structure
of this belt is so complex that the thicknesses reported
by different authors vary greatly even at the same lo-
cality. Reported thicknesses throughout the belt are
highly variable and so erratic that no pattern of change
in thickness can be established.

The authors were unable to divide the Martinsburg
into members. However, it is our opinion that only the
lower black shale unit originally recognized by Stose
(1930, p. 634) is present, and that his upper sandstone
member was removed by pre-Tuscarora erosion.

The Martinsburg consists mostly of gray to dark-
gray shale interbedded with many beds of gray and
yellowish-brown silstone and sandstone and a few beds
of gray to dark-gray limestone. The shale is tabular
bedded in units a few inches to many feet thick and
is commonly silty or sandy. The siltstone is also tabular
bedded in units of similar thickness, is argillaceous,
and generally contains fragments of gray shale. The
sandstone is in beds 4 inches to 6 feet thick and is of
two types: a tabular-bedded very fine grained to me-
dium-grained argillaceous sandstone commonly con-
taining pellets and fragments of gray shale, and a cross-
laminated to tabular-bedded medium- to coarse-grained
sandstone. The limestone is dense, unfossiliferous, and
tabular bedded in units 6 inches to 3 feet thick.

The sediments of the Martinsburg Shale are marine
and are believed by the authors to have accumulated
below the depth of intensive wave agitation. The even
bedding of the finer clastics and the limestone suggest
that the sediments composing these rocks were little
affected by other types of strong curreuts during depo-
sition, but the fragments of gray shale in the siltstone
and sandstone units and the cross-laminations of the
coarser clastics indicate the existence of currents of
moderate strength during their deposition. The cross-
laminations dip northwest and suggest that the source
of the sediments lay to the southeast.

The Martinsburg Shale is generally considered to
be of Middle and Late Ordovician age. E. O. Ulrich
(in Stose, 1930, p. 643-644) and Willard and Cleaves
(1938, p. 6) correlated the fossil fauna from the upper-

most beds of the formation at Swatara Gap, 1 mile south
of the report area, and Sterretts Gap, west of the Sus-
quehanna River, with that of the Eden Group (of form-
er usage) of Ohio, Indiana, and northern Kentucky.
According to this correlation, the fauna is of Lete,
but not latest, Ordovician age (Twenhofel and others,
1954, chart 2) ; any younger beds, if deposited at the
gap and in the area, presumably were removed by
erosion that resulted from the Taconic orogeny and pre-
ceded deposition of the Tuscarora Sandstone.

ORDOVICIAN-SILURIAN UNCONFORMITY

The Martinsburg Shale and the overlying Tuscarora
Sandstone of the report area generally are believed to be
separated by an unconformity that resulted from the
Taconic orogeny. Evidence of the unconformity is lack-
ing in the area. Grabau (1921, p. 293), Miller (1924,
p. 508-505), and Stose (1930, p. 646) concluded that
an angular unconformity separates these formations at
Schuylkill Gap in Blue Mountain a short distance e~st
of the area. Chance (in White, I. C., 1882, pl. 5), Lesley
(in Lesley and others, 1892-95, p. 674), Schuchert (1916,
p. 549), Willard and Cleaves (1939, p. 1104), and Wil-
lard (1943, fig. 6) believed that the angular contact
between these formations at the gap is a fault. The
authors, after examination of the exposures in the g~p,

-agree with Grabau, Miller, and Stose that the contact

is an unconformity. We also believe that the uncon-
formity extends at least as far southwest as Swatara
Gap.

SILURIAN SYSTEM

The Silurian rocks that crop out in the report area
are, in ascending order: the gray Lower Silurian Ts-
carora Sandstone, the red and gray Middle Silurian
Clinton Formation, the Upper Silurian Bloomsburg
Red Beds, and the gray Upper Silurian and Devonian
Keyser Limestone. The gray, olive, and red Wills Craek
Shale and the gray Tonoloway Limestone of Late Silu-
rian age lie between the Bloomsburg Red Beds snd
Keyser Limestone a short distance west of the Kling-
erstown quadrangle, but they are absent in the Pine
Grove and Swatara Hill quadrangles.

Sediments that formed the Lower and Middle Silu-
rian rocks were derived from a landmass east and south-
east of the area which was uplifted during the Taconic
orogeny of Late Ordovician time. The landmass at f'rst
contributed a great volume of coarse detritus to a re-
stricted shallow inland sea. By early Late Silurian time
the landmass had been eroded greatly, and the detritus,
which had become much finer, accumulated on a delta
that gradually forced the inland sea northwestwsrd.
The uppermost Silurian rocks are carbonates and shales
that accumulated as the landmass was nearly base lev-
eled and perhaps submerged as the sea transgressed



10 GEOLOGY, SOUTHERN ANTHRACITE FIELD, PENNSYLVANIA

southeastward onto the delta and open shallow-sea con-
ditions prevailed for the first time since deposition of
the Martinsburg Shale.

TUSCARORA SANDSTONE

The Tuscarora Sandstone of Early Silurian age was
named by Darton (1896a, b) in his reports on the Pied-
mont and Franklin quadrangles of Maryland, West
Virginia, and Virginia. The formation was originally
named the Levant White Sandstone by Rogers (1858b,
p.- 105) and later the Medina White Sandstone by Les-
ley (in Lesley and others, 1892-95, p. 625). During
succeeding decades the term “Medina” was used with
so many stratigraphic and chronologic meanings that
the geologic nomenclature and correlations of Upper
Ordovician and Lower Silurian rocks in New York,
Pennsylvania, West Virginia, and Virginia became con-
fused. As a result, local names such as Tuscarora were
adopted.

The Tuscarora Sandstone underlies principally the
crest and southern slopes of Blue Mountain in the Pine
Grove and Swatara Hill quadrangles (GQ-689, 691),
but in a few localities, the upper part extends several
hundred feet down the north slope of the mountain.
The rocks of the formation generally break into large
talus blocks which mantle both the Tuscarora outcrop
and underlying and overlying stratigraphic units. The
Tuscarora is poorly exposed. No complete or nearly
complete sections have been found; therefore, the suc-
cession of strata and their stratigraphic relations are
not known,

The Tuscarora Sandstone rests on the Martinsburg
Shale unconformably. The upper contact is placed ar-
bitrarily at the base of the lowest red bed typical of the
Clinton Formation. It is rarely exposed in the area but
is rather easy to trace in the field with the aid of aerial
photographs because of the erosional-lithologic con-
trast between red beds of the Clinton and gray beds of
the Tuscarora. The contact seems to be consistently at
the same stratigraphic horizon and probably is
conformable.

Computed thicknesses of the Tuscarora Sandstone
along Blue Mountain in the Pine Grove and Swatara
Hill quadrangles average about 400 feet. Available data
indicate that the formation averages about the same
thickness wherever recognized as a separate strati-
graphic unit in eastern Pennsylvania. This consistency
suggests that the topographic and structural irregular-
ities of the Taconic disturbance were reduced to rela-
tive smoothness during the Ordovician and Silurian
erosion cycle before the wide and even deposition of the
Tuscarora.

Fresh exposures of the sandstone and conglomerate
of the Tuscarora are very light gray, medium gray,
yellowish gray, dark yellowish brown, light brownish
gray. and brownish gray (Goddard, 1948). Joint sur-
faces in freshly exposed rocks commonly are stained
by limonite, which seems to disappear gradually as
weathering continues. Weathered rocks are predomi-
nantly very light gray; but grayish-orang, yellowish-
oray, medium-gray, light-brown, and moderate-brown
colors are common.

Beds of the Tuscarora are 14 inch to 6 feet thick and
average about 1 foot in thickness. In the lower part of
the formation the average bed is about 3 feat thick, but
in the upper part, the average thickness is much less.
Most beds are tabular or lenticular; however, wedge-
shaped and irregular beds are rather common.

Cross-stratification is one of the principal character-
istics of the bedding of the Tuscarora. F anar cross-
stratification of the “torrential” type is very common
and simple cross-stratification is slightly less common.
Most planar cross-strata are small scale, being less than
1 foot long (McKee and Weri, 1953). Simple cross-
strata range in length from 1 foot to about 25 feet. Most
cross-strata originally dipped northwest, which sug-
gests that the source of Tuscarora sediments lay south-
east of the report area. Yeakel (1958) reached the same
conclusion as to the direction of the source in his study
of the formation in Pennsylvania and adjacent States.

The Tuscarora is composed largely of sandstone and
a subordinate amount of conglomerate, mostly in the
lower part of the formation. Medium- to coarse-grained
sandstone is present throughout ‘the formation and is
the principal constituent of the upper part. A few thin
beds of siltstone, silty shale, and fine-grained sandstone
are intercalated in the conglomerate and coarser grained
sandstone. Compositionally, the sandstone is chiefly sub-
graywacke, but protoquartzite and orthoquartzite are
common.

Pebbles in the conglomerate average about half an
inch in diameter but are locally as much gs 3 inches in
diameter. They are composed largely of light- to med-
ium-gray, milky, and white vein quartz and light- to
dark-gray, brownish-gray, and medium bluish-gray
quartzite; small amounts of dark-gray and moderate-
red chert; and a few irregularly shaped fragments of
gray to light-gray shale and slate. The clasts of vein
quartz, quartzite, and chert are mainly subrounded to
rounded, those of shale and slate are principally sub-
angular and were probably derived from the underly-
ing Martinsburg Shale. In most conglomerate beds the
clasts are scattered unevenly or are concentrated in
trains. The matrix of the conglomerate is fne- to coarse-
grained common quartz, vein quartz, qnartzite, and
chert and irregular fragments of mica and clay.
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The orthoquartzite and protoquartzite are composed
mainly of grains of vein and common quartz and
quartzite and of lesser amounts of chert, tourmaline,
and zircon. Interstitial material consists of biotite,
muscovite, sericite, and unidentified clay minerals, The
principal cementing material is silica. In a few thin
sections, extensive quartz overgrowths are present on
grains of vein and common quartz. The average diame-
ter of grains is about 0.4 mm (medium), but the range
in diameter is from 0.02 mm (silt) to 1.5 mm (very
coarse). Some orthoquartzite and protoquartzite have
a vague bimodal tendency; the lesser mode averages
0.25 mm in diameter and the greater averages about
0.5 mm.

The sorting of most orthoquartzite is excellent and
that of protoquartzite is moderate to excellent. Grains
in both types of sandstone are subangular to round but
are chiefly subround.

Quartzite grains tend to be slightly more angular
than grains of vein and common quartz, chert, tourma-
line, and zircon. Some almost perfectly rounded grains
of vein and common quartz were broken during trans-
portation from the source area. These almost perfectly
rounded grains probably were derived from sedi-
mentary rocks in the source area, whereas the quartzite
grains probably were derived from metamorphic rocks.

The mineral assemblage of the subgraywacke consists
of grains of vein and common quartz; blebs and plates
of sericite, biotite, chlorite, muscovite, and unidentified
clay minerals; films of limonite and hematite; a few
grains of leucoxene, rutile, tourmaline, and zircon; and
varying amounts of fragmeunts of quartizite, chert,
phyllite, shale and slate. Silica is the principal cement,
but some subgraywacke is cemented by hematite, limo-
nite, and clay.

The diameters of the mineral grains in the subgray-
wacke range from 0.01 mm (silt) to 2.0 mm (very
coarse). Many vein quartz grains and quartzite frag-
ments reach diameters of 2.0 mm, but the average diame-
ter is 0.5 to 0.75 mm (coarse). Common quartz grains
have an average diameter of 0.25 to 0.35 mm, which is
somewhat less than that of vein quartz and quartzite.
Most grains of tourmaline and zircon are less than 0.25
mm in diameter. In much of the subgraywacke, quartz-
ite, and quartz grains interpenetrate because of pressure
solution. In addition, about 50 percent of the vein quartz
grains have semicomposite extinction and comb
structure.

Sorting in the subgraywacke is poor to very good.
Grains are poorly to well rounded but average sub-
angular. Most quartzite fragments are less rounded
than are grains of vein and common quartz and chert,
whereas zircon and tourmaline grains are commonly
more rounded.
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The siltstone and shale of the Tuscarora contain a
high percentage of identifiable silt grains in addition to
unidentified clay minerals. The silt grains are chiefly
angular to subangular common quartz and smealler
amounts of vein quartz, quartzite, chert, mica, and
rock fragments.

The environment in which Tuscarora sediments were
laid down has been discussed for years, and the con-
clusions range from entirely marine deposition to
entirely nonmarine deposition (F. M. Swartz, 1948;
Folk, 1960, p. 21; Yeakel, 1958, 1962, p. 1586). The fos-
sils and sedimentary features of the rocks of the Tvsca-
rora are suggestive of accumulation in an environrment
that extended from the edge of a coastal plain for an
unknown distance into shallow marine waters. The fol-
lowing evidence supports such accumulation. Arthro-
phycus imprints, which are commonly believed to
indicate deposition in a strandline environment (Pelle-
tier, 1958, p. 1057), are numerous in the upper part of
the formation. Stream-channel deposits are absert in
the Tuscarora. Clay- and silt-sized particles are rela-
tively sparse in rocks of the formation, which suggests
that they were largely winnowed out and that sediment
sorting was probably accomplished by currents cther
than streams. The predominance of northwest-dipping
cross-strata suggests that deposition was from currents
that moved consistently from the southeast, prob~bly
normal to the trend of a strandline. .

Arthrophycus alleghaniensis, a worm burrow or ani-
mal track, is the only fossil found in the Tuscarora of
the area. Clarke and Ruedemann (1912, p. 419) repcrted
that Dr. Gilbert Van Ingen found Eurypterus maria,
Dolichopterus cf. D. ostius, Hughmilleria shawang-mnk,
Pterygotus globiceps, Stylonurus cf. S. myops, Eret-
topterus sp., and Arthrophycus alleghaniesis in float
from the Tuscarora Sandstone at Swatera Gap. C. K.
Swartz and F. M. Swartz (1930; 1931, p. 655) believe
that this fauna firmly fixes the age as Early Silurian.

The Tuscarora Sandstone is generally considered to
be the correlative of the Clinch Sandstone of the scuth-
ern Appalachians, the Albion Group of western New
York, and the lower part of the Shawangunk Con-
glomerate of eastern New York, easternmost Pennsyl-
vania, and New Jersey.

CLINTON FORMATION

The Clinton Formation of Middle Silurian age was
named for Clinton, N.Y., by Conrad (1842, p. 228-235).
In terms of modern stratigraphic nomenclature. the
formation as originally defined included the rocks
lying between the Albion Sandstone, as it was then
called, and the Rochester Shale. Shortly after the turn
of the century, Ulrich (1911, pl. 28) and Kindle and
Taylor (1913, p. 6-7) redefined the Clinton to include
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the Rochester Shale as the upper member. Many years
before this redefinition, I. C. White (1883, p. 104-114)
had correlated the Clinton southward into eastern
Pennsylvania. Unfortunately, the stratigraphic units
that bound the formation in New York by cither defini-
tion are not recognized in eastern Pennsylvania. On the
basis of regional correlations, therefore, the Clinton in
the area is considered to include the rocks between the
Tuscarora Sandstone and the overlying Bloomsburg
Red Beds of Late Silurian age.

The Clinton Formation underlies the northern slope
and, in a few places the crest of Blue Mountain in the
Pine Grove and Swatara Hill quadrangles (GQ-689,
691). Outcrops are sparse and generally small. The
rocks of the formation, as does the Tuscarora Sandstone,
weather into large talus blocks that mantle the south-
ern part of the outcrop belt of the overlying Blooms-
burg Red Beds.

The contact between the Clinton and the underlying
Tuscarora Sandstone is placed arbitrarily at the base
of the lowest red bed of typical Clinton lithology.
Although exposed at only a few places, it is easy to
trace because of a slight swale that has been eroded
in the basal beds of the Clinton and a small linear hill
that has formed in the uppermost resistant sandstone
beds of the Tuscarora. The contact between the red and
gray beds of the Clinton and the much less resistant
overlying Bloomsburg Red Beds is not exposed in
the report area. The contact is believed to underlie a
sharp topographic break in slope that resulted because
of the marked difference in erosional resistance be-
tween beds of the Clinton and beds of the Bloomsburg.
The break in slope is not well expressed on the topog-
raphy of quadrangle maps GQ-689 and 691, but is
easy to trace on the ground in the field with aerial
photographs. The contact between these formations as
shown on maps GQ-689 and 691 is also the boundary
between the Clinton and overlying Quaternary talus
deposits.

The thickness of the Clinton Formation in the re-
port area and nearby localities cannot be determined
because of thrust faulting. The maximum undupli-
cated thickness on Blue Mountain is about 2,300 feet;
therefore, the formation is more than 2,300 feet thick
at this locality, but how much thicker is unknown.
The thickness of 2,300+ feet is the maximum reported
for the Clinton in eastern Pennsylvania. It seems likely
that the formation thins gradually to the northwest
and west away from this maximum in the report area
to the approximate 1,000-foot average thickness re-
ported at other localities in eastern Pennsylvania
(Swartz and Swartz, 1931, p. 630, 640; Burtner and
others, 1958 ; Miller, 1961, pl. 2).

The Clinton is composed almost entirely of interca-
lated sandstoue, silty shale, and shale. A few thin beds
of conglomeratic sandstone are present in the lower
part of the formation near the crest of Blue Mountain
in the Swatara Hill quadrangle (GQ-689).

Rocks of the Clinton are predominantly grayish
red, moderate red, and pale red; some are pale brown,
light to medium dark gray, and light brovnish gray.
They commonly weather to the same colors and to
grayish orange, light olive gray, and yellcwish gray.

The sandstone beds in the Clinton Formation are
commonly thicker than associated beds of silty shale
and shale. Individual sandstone beds, which are gen-
erally about 1 foot 6 inches thick, range in thickness
from 14 inch to 4 feet. Shale beds locally are as much
as 2 feet thick, but are chiefly about 1 inch thick. Most
strata are tabular; however, a few are lenticular and
irregular. Small-scale planar and simple cross-stratifi-
cation is present in some outcrops, but is urcommon.

The sandstone of the Clinton is subgraywacke, pro-
toquartzite, and orthoquartzite in decreasing order of
abundance. The subgraywacke consists of grains of
common and vein quartz; fragments of quartzite,
schist, slate, shale, and sandstone; grains and plates
of biotite, chlorite, muscovite, sericite, and leucoxene;
grains of magnetite, ilmenite, rutile, tourmaline, zir-
con; and films of hematite and limonite and unidenti-
fied clay minerals. Several of the subgraywacke se-
quences are highly ferruginous and contain as much as
15 to 20 percent by volume of hematite as cement and
interstitial material. These sequences were named in-
formally the Center and Swatara iron sandstones by
C. K. Swartz and F. M. Swartz (1931, p. 638). Cement-
ing media of the subgraywacke are chiefly silica and
hematite, but in some beds are sericite, other micas,
a binder matrix of quartz flour, and unidentified clay
minerals. The grain size ranges from very fine to
coarse, the average being fine. Sorting is poor to ex-
cellent but is mainly moderate to good. Grains are
chiefly subround; however, subangular to round grains
are rather common. Many quartz grains that lie in con-
tact interpenetrate as the result of pressure solution;
whereas others do not interpenetrate because they are
surrounded by a matrix of mica fragments and clay
which seems to have prevented pressure solution.

The principal mineral constituents of the proto-
quartzite are grains of common and vein quartz. Ac-
cessory constituents are fragments of quartzite, schist,
slate, shale, and sandstone and grains of biotite, mus-
covite, sericite, chlorite, rutile, tourmaline, zircon,
magnetite, ilmenite, and leucoxene. Some sandstone of
this type contains as much as 10 percent by volume of
hematite, which occurs chiefly as cement and inter-
stitial material. Cementing media are silica and hema-
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tite and, in a few places, sericite, other micas, and un-
identified clay minerals. Although the diameter of
grains ranges from 0.1 to 0.8 mm, the average diameter
is about 0.2 mm (fine). Sorting is moderate to ex-
cellent. The degree of original rounding of grains is
difficult to determine in most protoquartzite because of
interpenetration due to pressure solution. Despite in-
terpenetration, the range of rounding seems to have
been from subangular to well rounded and to have
averaged subround.

The orthoquartzite of the Clinton is composed of a
greater percentage of common and vein quartz grains
than is the protoquartizite, but otherwise these two
types of sandstone are similar.

The silty shales of the Clinton are predominantly
quartzose and, to a much lesser extent, micaceous. They
are composed largely of silt-sized grains of common
and vein quartz embedded in a matrix of unidentified
clay minerals. The clay shales are also quartz rich, but
contain a much greater percentage of unidentified clay
minerals than do the silty shales. Some beds of both
types of shale contain a high percentage of hematite
in the matrix.

Clinton sediments probably accumulated in a near-
shore marine environment where oxidizing and reducing
conditions predominated at different times. The marine
environment is proven by fossils in the Clinton at Swat-
ara Gap and in correlative beds in the Shawangunk
Conglomerate of easternmost Pennsylvania (Swartz
and Swartz, 1931, p. 636-637, 655). The red color of
many of the shale, siltstone, and fine-grained sandstone
beds of the formation is due to hematite cement and
interstitial material. The hematite probably records
oxidizing conditions that predominated during and fol-
lowing deposition of these fine clastics. The medium-
and coarse-grained sandstone beds of the formation are
commonly gray and contain considerably less hema-
tite. The gray color of these beds probably records re-
ducing conditions during and after deposition. A sec-
ond, but less likely, possibility is that the marine cur-
rents that carried the finer clastics and iron either in
solution or as hematitic material were localized by topo-
graphic features on the sea bottom or were forced to
bypass localities where the coarser sediments were ac-
cumulating. A third, and much less likely, possibility
is that the iron was deposited only from the marine
currents either before or after deposition of the coarse
sediments. Folk (1960, p. 42), in support of the latter
theory, postulated that correlative red Clinton fine clas-
tics in West Virginia were deposited a short distance
offshore from the mouths of streams that carried large
amounts of iron in solution. He postulated that the iron
was precipitated as chlorite and glauconite along with
the fine clastics and that at a later time oxygenated

water converted these two minerals into hematite. The
absence of glauconite and the small amount of chlorite
in the fine clastic rocks of the Clinton suggests that
Folk’s postulate is not applicable in the report area.

Fossils have not been found in the Clinton Formation
in the report area. A short distance to the south, how-
ever, at Swatara Gap, C. K. Swartz and F. M. Swartz
(1931, p. 636-637) collected a large fauna. After study-
ing this collection and additional collections from other
localities in central and eastern Pennsylvania, they in-
dicated on chart 3 of the “Correlation of the Silurian
Formations of North America” (Swartz, C. K., and
others, 1942) that the formation is correlative with the
Niagara Series and is of Middle Silurian age. The T.S.
Geological Survey considers the Clinton to be Middle
Silurian.

BLOOMSBURG RED BEDS

The Bloomsburg Red Shale was named by I. C. White
(1883, p. 106) for the red rocks exposed along the east
bank of Fishing Creek at the northern boundary lin= of
Bloomsburg, Pa. Subsequent geologists have abandoned
the term “shale” and substituted “red beds” because the
formation contains a considerable amount of red send-
stone.

The Bloomsburg Red Beds are poorly exposed in the
area. Outcrops are in two gently rolling, subdued linear
belts in the Pine Grove and Swatara Hill quadrangles
(GQ-689, 691). The southern belt underlies a serier of
valleys between Blue and Swope Mountains; the north-
ern belt occupies the core of the Roedersville anticline
in the central part of the Swatara Hill quadrangle.

The contact between the Bloomsburg Red Beds and
the underlying Clinton Formation is not exposed in
the area. It is placed arbitrarily at a sharp topographic
break in slope at the lithologic change between resistant
beds of the Clinton and less resistant beds of the
Bloomsburg (see description of the Clinton Formation).

In the Pine Grove and Swatara Hill quadrangles,
the contact between the Bloomsburg and the overlving
Ridgeley Sandstone is unconformable. In its few ex-
posures the contact is sharp; red beds of the Blooms-
burg apparently parallel gray conglomerate beds of the
Ridgeley. North and west of the report area, several
hundred feet of uppermost Silurian and lowermost De-
vonian rocks intervene between these formations. The
unconformity at the base of the Ridgeley must trun-ate
these intervening rocks between the area to the north
and west and the exposures in the Pine Grove and
Swatara Hill quadrangles, but data are scanty to ascer-
tain where the unconformity truncates these inter—en-
ing rocks.

The Bloomsburg Red Beds range in thickness from
about 700 feet in the northwestern part of the area to
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about 1,800 feet in the southwestern part. Figure 3
shows the thickness of the formation in the area and the
surrounding region. It was prepared from thicknesses
measured by the authors, C. K. Swartz and F. M. Swartz
(1931), Miller (1961), Hoskins (1961), and I. C. White
(1883). The formation thickens southeastward across
the report area at a rate of about 35 feet per mile. This
average rate of thickening was calculated without ref-
erence to the structural foreshortening between locali-
ties where measurements were made. Tectonic analysis
based upon all available structural and stratigraphic
data indicates that the Silurian and Devonian rocks of
the area were shortened about 30 percent by folding
and faulting; therefore, before the shortening, the
Bloomsburg seems to have thickened southeastward at
about 25 feet per mile.

Where freshly exposed, the shale, siltstone, and finer
grained sandstone of the Bloomsburg are predomi-
nantly grayish red, some being pale to moderate red,
moderate reddish brown, or yellowish gray. The coarser
grained sandstone is generally greenish gray, but light
olive gray, dark greenish brown, and dusky brown are
not uncommon. Weathered rocks are mainly pale red-
dish brown to moderate reddish brown. Other weath-
ered rocks are grayish red, dusky red, light brown, dark
reddish brown, grayish brown, and moderate yellowish
brown.
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The beds of the Bloomsburg range in thickness from
about 14 inch to about 2 feet 6 inches, the average being
about 1 foot. Most are tabular but some ar> lenticular.
Small-scale planar and simple cross-stratification is
present in some medium- to coarse-grained sandstone.

The Bloomsburg is composed principally of siltstone
and very fine grained sandstone intercalatec with shale.
Fine- to coarse-grained sandstone is rare, and granular
to small pebble conglomerate is very rare. The sand-
stone consists, in decreasing order of abunde.nce, of very
fine-grained to fine-grained protoquartzite, very fine-
grained to fine-grained orthoquartzite, and fine- to
medium-grained subgraywacke.

Except for a difference in the amount of quartz, the
mineral constituents of the protoquartzite and ortho-
quartzite are similar. Both are composed largely of
common and vein quartz grains; scatterel grains of
quartzite, chert, shale, mica, tourmaline, rutile, zircon,
ilmenite, magnetite, and leucoxene; sparse grains of
andesine; and hematite and limonite. In either rock
type many grains are embedded in a matrix of hematite
and limonite, which in some protoquartzite constitutes
as much as 10- to 15-percent of the rock. The andesine
grains are the oldest observed occurrence of this min-
eral in rocks of the area.

The cement of the protoquartzite and or*hoquartzite

of the Bloomsburg is principally hematite and second-
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arily silica. Sorting ranges from very good to excellent.
Two distinct grain-size modes are common in both types
of sandstone. The grains of the larger mode are sparse,
constituting not more than 5 percent of the rock. They
are usually well rounded, in contrast to those of the
smaller mode which are subangular to subround. The
diameters of grains in the larger mode range from
0.15 to 0.9 mm and those of the smaller from 0.07 to
0.125 mm.

The subgraywacke in the Bloomsburg consists of
grains of vein and common quartz; small amounts of
biotite, muscovite, chlorite, sericite, tourmaline, zircon,
and unidentified clay minerals; also rock fragments of
quartzite, chert, and shale. Some subgraywacke contains
as much as 10 percent interstitial hematite. The cement-
ing media are silica, hematite, and clay minerals. Sort-
ing ranges from poor to good. The grain size ranges
from 0.01 mm (silt) to about 1.0 mm (coarse sand) and
averages about 0.256 mm (fine to medium sand). Many
quartz grains have overgrowths, and others have deeply
sutured margins because of pressure solution, The orig-
inal rounding of grains is difficult to determine because
of the sutured margins and overgrowths, but seems to
have averaged about subround.

The siltstone in the Bloomsburg is similar in composi-
tion to the protoquartzite and orthoquartzite. Two dis-
tinet grain-size modes are present in much of the silt-
stone. The larger mode averages about 0.3 mm in diam-
eter, and the smaller is silt size.

The shale in the formation is quartz rich, commonly
silty, and locally micaceous. Clay-sized particles consist
largely of quartz, mica, and illite.

The rocks of the Bloomsburg probably accumulated
on a great delta whose source lay to the southeast, Some,
however, may have been deposited in lagoons and shal-
low marine waters adjacent to the delta. No evidence
points exclusively to any of these environments other
than a general lithologic similarity between the rocks
of the Bloomsburg and the rocks of the Catskill and
Mauch Chunk Formations, both of which contain
deltaic and subaerial deposits (Barrell, 1907, 1913-14).
Alling and Briggs (1961, fig. 12) concluded that the
Bloomsburg accumulated on a large delta whose main
body lay in eastern New York and eastern Pennsyl-
vania.

The marine depositional environment of parts of the
Bloomsburg has been recognized for many years in cen-
tral Pennsylvania where red beds assigned to it inter-
tongue with marine gray shales and limestones of the
McKenzie Formation and the Wills Creek Shale (Wil-
lard, 1939b, p. 14; Swartz, F. M., 1946, p. 20; Hoskins
and Conlin, 1958, p. 156-161; Hoskins, 1961, fig. 6).

Fossils have not been found in the Bloomsburg Red
Beds of the area, and the only age assignment that lo-
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cally can be made is that the formation is younger than
the Clinton Formation of Middle Silurian age and is
older than the Ridgeley Sandstone of middle Early
Devonian age. A short distance west of the area, Hosl-ins
and Conlin (1958, p. 161) found in the Bloomsburg
Late Silurian ostracode assemblages, which they cor-
related with similar forms in the McKenzie Forma- .
tion and Wills Creek Shale of central Pennsylvania.
C. K. Swartz and F. M. Swartz (1931, p. 659) also de-
termined that the Bloomsburg in the region surrounc'ing
the area is of Late Silurian age and that it is laterally
equivalent to the McKenzie and Wills Creek, and per-
haps to the lower part of the Tonoloway Limestone.
They additionally correlated the Bloomsburg with the
Longwood and High Falls Formations of New Jevsey
and eastern New York and with the Vernon Shale of the
Salina Group of central New York. Alling and Briggs
(1961, fig. 12) correlated the Bloomsburg with the basal
part of the Caynga Series of Michigan, Ohio, and New
York and also considered it to be an equivalent of the
Vernon Shale.
WILLS CREEK SHALE

The Wills Creek Shale was named by Uhler (1905,
p. 20-25) for Wills Creek at Cumberland, Md. In 1911,
Ulrich (p. 522, 541, and pl. 28) correlated the forma-
tion into central Pennsylvania and stated that it under-
lay the Tonoloway Limestone and overlay the Blonms-
burg Red Beds.

The Wills Creek is not exposed in the area but is
believed to underlie much of it north of the Sweet
Arrow fault zone. It is absent south of the fault zone.
Where exposed in the surrounding region, the forma-
tion consists of medium- to olive-gray calcareous shale,
argillaceous limestone, and siltstone; red to olive s~nd-
stone; and olive-gray to brownish-red shale, siltstone,
and sandy limestone.

The thickness of the Wills Creek Shale is unkrown
in the subsurface of the area. The nearest outcrops are
at Dalmatia, about 8 miles west of the area, where sev-
eral hundred feet of the upper part of the formation
are poorly exposed. Between Dalmatia and the Sweet
Arrow fault zone, the Wills Creek thins in a south-
eastward direction to extinction. Synthesis of much re-
gional geologic and stratigraphic data indicates that
the formation thins in this direction because it has been
truncated by pre-Ridgeley erosion, which also trun-ates
all other pre-Ridgeley formations down to and includ-
ing the upper part of the Bloomsburg Red Beds. ""hus,
the Wills Creek Shale in the subsurface of the report
area probably is absent near the Sweet Arrow fault
zone, but it may reach a thickness of 400+ feet in the
northwestern part on the Hooflander Mountain
anticline.
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According to Alling and Briggs (1961, p. 544 and
fig. 21), the Wills Creek Shale accumulated during
Cayuga time in an open sea that was bounded on the
east by the Bloomsburg delta and on the west by Niag-
ara reef banks. The fauna of the formation is of Late
Silurian age. The formation is correlative with the
middle part of the Bloomsburg Red Beds of eastern
Pennsylvania (Swartz and Swartz, 1931, fig. 2) and
with the upper part of the Salina Formation of New
York, Ohio, and Michigan (Swartz, C. K., and others,
1942, chart 3).

TONOLOWAY LIMESTONE

The Tonoloway Limestone of Late Silurian age was
named by Ulrich (1911, p. 590) from Tonoloway Ridge
west of Rock Ford, W. Va. As presently defined, the
formation rests conformably on the Wills (C'reek Shale
and underlies conformably the Keyser Limestone of
Late Silurian and Early Devonian age.

The contact between the Tonoloway and the under-
lying Wills Creek Shale is arbitrarily placed at the
horizon where the amount of the limestone above ex-
ceeds that of the clastic material below. The contact
between the Tonoloway and the overlying Keyser Lime-
stone is placed where laminated limestone of the Tonolo-
way is overlain by nodular limestone of the Keyser.

The Tonoloway is not exposed in the area, but may
underlie much of the area north of the Sweet Arrow
fault zone. It is absent at outcrops south of the fault.
The nearest exposure to the area is a few hundred feet
west of the Klingerstown quadrangle on the axis of the
Hooflander Mountain anticline. There and elsewhere
in the Susquehanna Valley, the formation consists of
very thin bedded to thick-bedded medium-gray lami-
nated argillaceous limestone. Strata in the upper part
of the Tonoloway generally are thick bedded and are
characterized by vertical caleareous mud-filled cracks,
which commonly unite to form prisms. At most locali-
ties, strata in the lower part are thin bedded and shaly.

The formation is absent south of the Sweet Arrow
fault zone because of truncation by pre-Ridgeley Sand-
stone erosion or because of a depositional thinning and
pre-Ridgeley erosion. F. M. Swartz (1939, fig. 10)
showed that the area south of the fault was part of
a highland mass which he named the Auburn promon-
tory. In 1941, he (Swartz and Swartz, 1941, p, 1187)
postulated that the Tonoloway thinned south and south-
east toward the promontory because of depositional
thinning and pre-Ridgeley erosion. The authors believe
that the formation was truncated by erosion north of
the Sweet Arrow fault zone before thinning out deposi-
tionally. However, they recognize that the depositional
thinning indicates that the highland mass south of the
fault (Auburn promontory) was being uplifted and

eroded from Tonoloway time into early Ridgeley time.

Owing to the lack of exposures north of the Sweet
Arrow fault zone, the thickness of the Tonoloway in
the subsurface of the area is conjectural. F gure 4 de-
picts a series of measured sections which illustrate the
lithology and thickness of the formation at localities
near the area.

A map showing postulated thickness veriations of
the Tonoloway in the subsurface of the arsa is shown
in figure 5. It was constructed by using the measure-
ments shown on figure 4 and many other measurements
in a region much larger than that of figure 5. The
assumption was made in constructing the map that the
formation thins evenly southward across the area to
zero at the Sweet Arrow fault. Thus, north of the fault
the Tonoloway is believed to thicken nortl'ward from
0 at the fault to about 250 feet in the subsurface of the
northern part of the area. The average rate of thicken-
ing in that direction is about 20 feet per mile. The
Silurian rocks of the area were foreshortened about 30
percent by folding and faulting. Before the folding
and faulting, therefore, the rate of northward thicken-
ing was about 14 feet per mile.

The limestone of the Tonoloway accumulated in a
sea that was bounded on the east by the Bloomsburg
delta (Alling and Briggs, 1961, fig. 12) and on the
south by a low landmass, the Auburn promontory. The
sea in which the limestone was deposited seems to have
been widespread, as shown by the large area underlain
by the formation and its correlatives—Maryland to
New York, but in places it became so shallcw that mud
cracks formed.

The Tonoloway Limestone contains a sparse marine
fauna of middle Late to latest Late Silurian age
(Reeside, 1917, p. 193; Swartz, C. K., and others, 1942,
chart 8). It is correlative with the Bossardville Lime-
stone of eastern Pennsylvania, New Jersey, and south-
eastern New York and with the Bass Island Dolomite
of Michigan and Ohio (Alling and Briggs, 1961, p.
518).

) SILURIAN AND DEVONIAN ROCES

KEYSER LIMESTONE

The Keyser Limestone of Silurian and Devonian age
was named by Ulrich (1911, p. 563, 590-591, and pl. 28)
for Keyser, W. Va. Ulrich considered the I7eyser to be
the basal member of the Helderberg Formation. Many
years later F. M. Swartz (1939, p. 49) proposed raising
the Keyser to formation rank separate from the Helder-
berg and tentatively assigned it to the Silurian. In 1942,
two committees that studied the correlations of Silurian
and Devonian rocks in North America (Swartz, C. K,
and others, 1942; Cooper and others, 1942) followed
Swartz’s recommendation and raised the Keyser Lime-
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stone to a formation. The committee on Silurian corre-
lations assigned the Keyser to the Silurian but indicated
that it could be Devonian. The Devonian committee
considered it to be wholly Silurian. The U.S. Geological
Survey recognizes the Keyser as a formation and desig-
nates its age as Late Silurian and Early Devonian.

The upper part of the Keyser Limestone crops out
only in the western part of the Klingerstown quadrangle
where it is poorly exposed (GQ-700). The lower part
of the formation is well exposed in a series of quarries
that lie in the Pillow quadrangle a few hundred yards
west of this locality. There, it is a thin- to thick-bedded
medium- to dark-gray fossiliferous nodular limestone
with a few interbeds of laminated to medium-bedded
light- to medium-gray yellowish-gray weathering shale.
The limestone is finely to coarsely crystalline and is
commonly transected by numerous thin calcite veins.
The upper part is less well exposed in the quarries and
consists of a lower sequence of even-bedded light-gray to
medium-bluish-gray shaly to thick-bedded limestone
with a few interbeds of medium-gray nodular lime-
stone, and an upper sequence of laminated light-gray to
medium-bluish-gray finely crystalline limestone.

West and northwest of the area, the Keyser seems
to rest conformably upon the Tonoloway Limestone
and to be overlain conformably by the Coeymans Lime-
stoue Member of the Helderberg Formation. However,
Reeside (1917, p. 199) has suggested that both contacts
of the Keyser may be unconformities marked by faunal
and lithologic breaks. The lower contact lies between
laminated limestone typical of the Tonoloway and nod-
ular limestone characteristic of the Keyser. The upper
contact, which is more difficult to determine, is placed
above the laminated sparsely fossiliferous finely cry-
stalline limestones of the upper part of the Keyser and
below the thick-bedded finely to coarsely crystalline
highly fossiliferous limestone typical of the Coeymans
Limestone Member of the Helderberg.

The thickness of the Keyser Limestone in the sub-
surface of the area and in most of the surrounding re-
gion is uncertain. Figure 4 shows measured sections of
the formation on the Hooflander Mountain anticline
and at other localities adjacent to the area. It also
shows that the formation is absent south of the Sweet
Arrow fault zone (fig. 4, sections 3-5). '

In the past, many geologists have not distingnished
the Keyser Limestone from the overlying Coeymans
and New Scotland Limestone Members of the Helder-
berg Formation. As a result, precise regional data con-
cerning the thickness of the Keyser are sparse. In ad-
dition, the contact between the Keyser and these over-
lying rocks commonly is difficult to determine without
faunal evidence. Therefore, the Keyser, Coeymans, and
New Scotland are considered as a single stratigraphic

unit between the Tonoloway Limestone and the Man-
data Member of the Helderberg Formation. The
map (fig. 6) was compiled from the measured sections
illustrated in figure 4 and from additional thickness
measured in the region surrounding figure 6. The I"ey-
ser-Coeymans-New Scotland sequence is believed to
thicken northward in the subsurface of the area from
a featheredge near the Sweet Arrow fault zone to about
250 feet in the northern part at a rate of about 22 feet
per mile, The Silurian and Devonian rocks were short-
ened about 30 percent by folding and faulting during
the Acadian and Appalachian orogenies. Thus, before
deformation, the rate of northward thickening was
about 15 feet per mile.

Much of the region south of the Sweet Arrow fault
zone is believed to have been a part of a Silurian and
Devonian landmass, the Auburn promontory. F. M.
Swartz (1939, fig. 10 and p. 36, 39) postulated that the
Keyser thinned depositionally southward towards the
landmass. Regional evidence not only suggests south-
ward thinning, but also strongly suggests that the for-
mation was truncated north of the fault zone before
deposition of the Ridgely Sandstone.

The Keyser Limestone was deposited in a shallow
but widespread sea similar to that in which the urder-
lying Tonoloway Limestone accumulated. It is correla-
tive with the Decker, Rondout, and Manlius Forma-
tions of southeastern New York, New Jersey, and east-
ern Pennsylvania and with the Cobleskill Limestone
and Decker, Rondout, and Manlius Formations of cen-
tral New York (Swartz, C. K., and others, 1942, chart
3).

) DEVONIAN SYSTEM

Devonian rocks form the thickest systemic sequence
cropping out in the area. They range in thickness from
about 8,500 feet in the central part of the area to sbout
12,500 feet in the Lykens quadrangle.

Lower Devonian rocks consist of marine limestone,
sandstone, and shale. They are divided into the Helder-
berg Formation and the overlying Oriskany Group. The
Helderberg is divided, from the base up, into the Coey-
mans Limestone Member, New Scotland Limestone
Member and Mandata Member. The Oriskany Group is
composed, in ascending order, of the Shriver Cher* and
the Ridgeley Sandstone.

Middle Devonian rocks are composed of shale. silt-
stone, sandstone, and conglomeratic sandstone and ¢ thin
limestone sequence near the base. In ascending cvder,
they consist of the Needmore Shale, the Selinsgrove
Limestone, and the Marcellus Shale and Mahantango
Formation of the Hamilton Group. The Mahantango is
divided into a lower shale and sandstone member, the
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Section 8. R. Fox well 1, Angas Corp

One mile

south of Snydertown, Northumberland County.

Section 9.

G. Krick well 1, Angas Corp.

One mile

north of Paxinos, Northumberland County.

Section 10.

Knarr well 1, Farmers Gas & Oil Co. at

Numidia, Columbia County.

FIGURE 4.—Columnar sections of Silurian and Devonian ro-ks from the

Montebello Sandstone Member, and an upper shale
member.

Upper Devonian rocks are included in the Upper
Devonian and Lower Mississippian Susquehanna Group
which is divided into the Trimmers Rock Sandstone
and the overlying Catskill Formation. In the southern
part of the area the Catskill is divided, in ascending
order, into the Irish Valley, Damascus, Honesdale Sand-
stone, and Spechty Kopf Members. In the western and
northern parts of the area, the Honesdale Sandstone
Member thins out, and the indistinguishable Cherry
Ridge and Damascus Members are mapped together as
the Buddys Run Member.

HELDERBERG FORMATION

The name Helderberg was first used in 1€42 by Con-
rad (p.283) for the strata at the base of the Helderberg
Mountains in Albany County, N.Y. Conrad applied the
name to the rocks that, in terms of modern stratigraphic
nomenclature, extend from the base of the Rochester
Shale of the Clinton Group to the top of tke Oriskany
Group. Over the years, the rocks assigned to the Helder-
berg have been referred to by many names and have in-
cluded a great variety of strata which, in their widest
application, extended from the top of the Salina Forma-
tion of Late Silurian age to the base of the Marcellus
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base of the Tonoloway Limestone to the top of the Selinsgrove Limestone.

Shale of Middle Devonian age (Wilmarth, 1988, p.
9385-936; Rogers, 1858b, p. 107; White, I. C., 1883, p.
94-98; Swartz, C. K., 1913, p. 105-120; Reeside, 1917,
p. 186-189; Swartz, F. M., 1939, p. 50-91).

In the area of this report the Helderberg is of Early
Devonian age and includes the strata lying between the
Keyser Limestone and the Shriver Chert of the Oris-
kany Group. It consists, from the base up, of the Coey-
mans and New Scotland Limestone Members and the
recently recognized Mandata Member (deWitt and
Colton, 1964, p. 34-35). It has been mapped as a forma-
tion because the Coeymans and New Scotland are not

mappable units and so must be called members here,
rather than formations as they have been called in other
areas.

The Helderberg crops out at only one locality in the
western part of the Klingerstown quadrangle (GQ-
700). It is believed to underlie much of the area north of
the Sweet Arrow fault zone but is absent south of this
zone. Members of the formation are not shown sepa-
rately on GQ-700 because they are too thin to depict
adequately at the scale of the map.

In the stratigraphic sections illustrated in figure 4,
the Coeymans and New Scotland Limestone Memb~rs
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F16URE 5.—Isopach map of the Tonoloway Limestone (shaded where absent).

are combined because the Coeymans New Scotland con-
tact at Hooflander Mountain (fig. 4, section 2) is uncer-
tain. In fact, the two members can be separated only
at Dalmatia (fig. 4, section 1), 8 miles west of the area,
where Reeside (1917, p. 217) recognized 2 feet of sandy
limestone belonging to the Coeymans and 21.6 feet of
limestone belonging to the New Scotland.

At Hooflander Mountain the Coeymans and New
Scotland sequence consists, in descending order, of about
23 feet of dark-gray, medium bluish-gray to black, light-
gray weathering laminated to medium-bedded finely to
coarsely crystalline slightly cherty fossiliferous lime-
stone and 1 to 3 feet of dark-gray coarsely crystalline
sandy limestone.

The contact between the Helderberg and the under-
lying Keyser Limestone is covered in the area (GQ-
700). It was mapped where the percentage of float from
limestone typical of the Keyser equals the percentage of
float from limestone typical of the Coeymans and New

Scotland. The contact of the New Scotland with the
overlying Mandata Member is also covered and was
mapped where limestone and shale float are approxi-
mately equal in volume in the soil.

The Mandata at Hooflander Mountain is about 25
feet thick (fig. 4, section 2). Its outcrop kelt has been
eroded into a slight swale, which is almost completely
covered by soil containing numerous chips of ash-gray
or yellowish-gray calcareous chert and shale. The con-
tact with the overlying Shriver Chert seems to be at
about the place in the soil where the percentage of ash-
gray or yellowish-gray chert and calcareous shale frag-
ments from the Mandata equals the percentage of larger,
very light gray and pinkish-gray fragments of vuggy
chert from the Shriver. In wells north of the area (fig. 4,
sections 8-10), the Mandata is a dark-gray calcareous
shale, 70 to 107 feet thick, separating the lirestone and
shale of the Shriver from the limestone of the New
Scotland and Coeymans.
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Figure 6.—Isopach map of the Keyser Limestone and Coeymans and New Scotland Limestone Members of the Helderberg
Formation (shaded where absent).

Figure 7 is an isopach map of the Mandata Member.
The zero isopach line is a short distance north of the
Sweet Arrow fault zone. The map was compiled from
thicknesses shown on figure 4 and from other thicknesses
measured in the surrounding region. The Mandata may
reach a maximum thickness of about 80 feet in the sub-
surface of the northern part of the area. It is believed
to thicken northward at about 7 feet per mile. The
authors determined by structural analysis that the Silu-
rian and Devonian rocks of the area were foreshortened
about 30 percent during the Acadian and Appalachian
orogenies; thus, the pre-deformation rate of northward
thickening was about 5 feet per mile.

The Helderberg Formation is absent south of the
Sweet Arrow fault zone, presumably because of trunca-
tion by pre-Ridgeley erosion. The area south of the fault
zone is a small part of a Silurian and Devonian positive
mass, the Auburn promontory. F. M. Swartz (1939, p.
36, 39) noted a gradual increase in clastic detritus and

an attendant depositional thinning of the Helderkerg
southward towards the promontory. Much regional
stratigraphic evidence strongly suggests that the rocks
of the formation were truncated a short distance north
of the fault zone by pre-Ridgeley erosion. The thinning
of the Helderberg and the increase in clastic detritus
indicate, however, that the promontory was being up-
lifted and eroded at the time the formation was accumu-
lating.

The Coeymans and Néw Scotland Limestone Meml ~rs
of the Helderberg were deposited in an open sea that
had a large fauna. The Mandata apparently accumu-
lated somewhat closer to shore where siliceous ooze
formed and much silt and clay was deposited. The detri-
tus and silica probably were derived from high parts of
the Auburn promontory. The Mandata is less fossilif-
erous than the Coeymans and New Scotland.

The Helderberg Formation contains a large Early
Devonian fauna. The Coeymans and New Scotland
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F1eUure 7.—Isopach map of the Mandata Member of the Helderberg Formation (shaded where absent).

Limestone Members are widely recognized from west-
central Virginia to southeastern New York. The Man-
data Member has been traced southwestward into north-
ern Virginia and Maryland and is correlated to the
north with the Port Ewen, Alsen, and Becraft Lime-
stones of New York.

ORISKANY GROUP

The Oriskany Group of Early Devonian age was
named by Vanuxem (1839, p. 273) for Oriskany Falls,
N.Y. Throughout a long and involved nomenclatural
history, beds as old as the Port. Ewen Limestone of the
Helderberg Group and as young as the Esopus Shale
have been included by various authorities in the Oris-
kany of New York (Wilmarth, 1938, p. 1561-1562). In
Pennsylvania the U.S. Geological Survey restricts the
group to the Shriver Chert and Ridgeley Sandstone.

SHRIVER CHERT

The Lower Devonian Shriver Chert of the Oriskany
Group was named by C. K. Swartz (1913, p. 91-92) for
Shriver Ridge, Cumberland Mountain, Md. He (p. 121-
122) correlated it from the type locality northeastward
into central Pennsylvania and recognizedl equivalent
strata in New Jersey and New York.

The formation crops out only on the flanks of the
Hooflander Mountain anticline near the w-st border of
the Klingerstown quadrangle and is poorly exposed
(GQ-700). At this locality it is 30 to 60 feet thick and
consists of thick-bedded dark-gray to black chert ; thin-
bedded medium- to dark-gray moderately crystalline
fossiliferous cherty limestone ; and dark-gray calecareous
cherty shale. Relatively pure chert is largely concen-
trated in the upper part of the formation, vhereas lime-
stone and shale are more common in the lower part.
Most of the chert in the upper part weathers very light



STRATIGRAPHY 23

gray, but pinkish-gray and grayish-orange-pink frag- An isopach map of the Shriver (fig. 8) was compiled
ments are not uncommon. Most of the chert in the lower | from thicknesses at the localities illustrated on figure 4
part weathers grayish yellow. and from thicknesses measured at other localities out-

The lower contact of the Shriver at Hooflander | side the area of figure 8. The formation is absent soth
Mountain was described in the section on the Helder- | of the Sweet Arrow fault zone, but may be as mucl as
berg Formation. The upper contact with the overlying | 60 feet thick in the subsurface of the northwestern part
Ridgeley Sandstone is gradational and is located where | of the area. It seems to thicken northward at about 414
the rocks change from predominantly cherty limestone | feet per mile. Before the Acadian and Appalachian orog-
to predominantly coarse sandstone and conglomeratic | enies, which telescoped the rocks about 30 percent, the

sandstone. formation probably thickened northwestward at about
The sequence of beds of the Shriver is similar to that | 314 feet per mile.
at Hooflander Mountain throughout the region, except The Shriver is absent south of the Sweet Arrow feult

at Dalmatia (fig. 4, section 1), 8 miles west of the area, | because it was truncated by pre-Ridgeley erosion. F=ld
where tongues of sandstone similar to the Ridgeley | evidence from many localities in eastern Pennsylvania
Sandstone are intercalated in the upper part of the for- | indicates that the Auburn promontory was tilted north-
mation. At all places the upper part of the Shriver is | ward about the end of the deposition of the Shriver,
highly fossiliferous, whereas the lower part is much less | and the region was differentially eroded before the
fossiliferous and locally barren. Cleaves (1939, p. 115) | Ridgeley Sandstone was deposited. The region of thin
observed this difference in fossil abundance throughout | Shriver shown on figure 8 west of the report area seems

central Pennsylvania. to have been caused by a slowly rising linear positive
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element or arch (Harrisburg arch of Willard, 1941),
which extended northward from the promontory and
which lay west of similar less pronounced arches during
Helderberg and Keyser times (figs. 6, 7).

The upper part of the Shriver Chert scems to have
been a near-shore deposit of siliceous ooze, silt, and clay
like the underlying Mandata Member of the Helderberg
Formation, except that the percentage of clay and silt
was less and that of siliceous ooze, was significantly
greater. The abundance of fossils, the general lack of
fine clastic detritus, and the local presence of clay-free
tongues of sand may indicate that this part of the for-
mation was deposited in waters somewhat clearer than
those of the lower part and the Mandata.

The fauna of the Shriver Chert is of Early Devonian
age (Allan, 1935; F. M. Swartz, 1932; Cleaves, 1939).
Cleaves (1939, p. 109) determined that 23 percent of
the Shriver fauna is present in the underlying Helder-
berg Formation but that many common Shriver species
are not present in the overlying Ridgeley and “vice
versa” (p. 118). He also found that only 4 percent of
the combined Shriver-Ridgeley fauna is recognizable
in the overlying Needmore Shale and Selinsgrove Lime-
stone and concluded that the Shriver-Ridgeley fauna
was for the most part destroyed before the deposition
of the Needmore and Selinsgrove.

The Shriver underlies much of central Pennsylvania,
western Maryland, and eastern West Virginia. It is
correlated with the lower part of the Oriskany Group,
Formation, or Sandstone in Virginia, northeast Penn-
sylvania, and southeast New York.

PRE-RIDGELEY UNCONFORMITY

The Ridgeley Sandstone overlies the Shriver Chert
conformably on the Hooflander Mountain anticline
(GQ-700), but south of the Sweet Arrow fault zone
(GQ-689, 691, 698) it rests on the Bloomsburg Red
Beds. Between the anticline and the fault zone a pre-
Ridgeley erosion surface cuts across intervening strata
from the Shriver Chert to the Bloomsburg. Maps and
reports of the Second Pennsylvania Geological Survey
(Sanders, 1881; White, I. C. 1883; Prime and others,
1884 ; Smith, 1891) show that the Ridgeley rests on dif-
ferent formations in different areas, but the existence of
an unconformity was not postulated until 1939 (Cleaves,
1939, p. 106; Swartz, F. M., 1939, p. 87). More than
400 feet of beds is truncated in a general southerly dir-
rection between the anticline and the fault zone. The
average rate of truncation of about 28 feet per mile in-
dicates a northward tilt of the report area of about a
quarter of a degree.

RIDGELEY SANDSTONE

The upper unit of the Oriskany was named the Ridge-
ley Sandstone Member by C. K. Swartz (1913, p. 90)
for a town in West Virginia. In 1939, Cleaves (p. 92—
104) traced this unit from the Maryland-Pennsylvania
border to Dalmatia in Northumberland County, 8 miles
west of the area, and recommended classifying it as a
formation in the Oriskany Group. The U.S. Geological
Survey has accepted Cleaves’ designation.

The Ridgeley Sandstone crops out on the flanks of
the Hooflander Mountain anticline (GQ-700) in the
northwestern part of the area and in two belts south
of the Sweet Arrow fault zone (GQ-689, 691, 698);
it is poorly exposed at all places. On the enticline the
lower contact with the Shriver Chert is gradational, but
in the area south of the fault zone it is an urconformity,
the sandstone resting on the Bloomsburg Red Beds. In
the subsurface between the outcrops on the anticline and
the fault zone, the Ridgeley, from north to south, pre-
sumably overlies successively the Shriver Chert, Helder-
berg Formation, Keyser Limestone, Tonoloway Lime-
stone, Wills Creek Shale, and a part of the Bloomsburg
Red Beds. At Hooflander Mountain the upper contact
of the Ridgeley with the overlying Needmore Shale is
a poorly defined disconformity (Cleaves, 1939, p. 108).
South of the fault zone, the Needmore is absent, and
the Ridgeley is overlain unconformably by the Selins-
grove Limestone.

In the report area the Ridgeley ranges in thickness
from 0 to slightly more than 50 feet (fig. 4). An isopach
map (fig. 9) indicates that the formation probably is
thickest in the subsurface of the report area. It also
shows that the formation is absent locally north of the
area. The thickness trends shown in figure 9 are oriented
differently from the trends of the underlying Upper
Silurian and Lower Devonian formation- shown in
figures 5 to 8. This difference in orientation of thickness
trends may reflect the earliest deformation paralleling
that of the later Acadian and Appalachian orogenies.

Most weathered sandstone of the Ridgeley is grayish
orange. Fresh sandstone ranges from light gray to light
olive gray, pinkish gray, medium gray, ard yellowish
gray. Most beds are thin bedded, tabular, and cross-
bedded and have small-scale simple or planar cross-
strata.

The Ridgeley is commonly a fine pebble protoquart-
zite. The pebbles are largely vein quartz ard quartzite,
generally about half an inch in diameter; in a few places
they attain a maximum diameter of half an inch. The
grain size, except for the pebbles, ranges from very fine
to very coarse and averages medium. The grains range
from angular to well rounded but average subangular.
Cements are silica, limonite, hematite, and clay. At most
localities the Ridgeley is a sparkling conglomeratic
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FicUre 9.—Isopach map of the Ridgeley Sandstone (shaded where absent).

sandstone cemented by silica. South of the Sweet Arrow
fault zone, however, it contains some subgraywacke,
and in the Hooflander Mountain area it has a few thin
layers of intercalated chert.

In addition to grains of vein quartz, the Ridgeley
contains common quartz, biotite, chlorite, muscovite,
sericite, leucoxene, tourmaline, topaz, zircon, unidenti-
fied clay minerals, and fragments of chert, schist, phyl-
lite, quartzite, and slate. Feldspar is sparse, but about
one-half percent andesine is present in some specimens.
C. 8. Ross (oral commun., 1960) identified small quan-
tities of halloysite in thin sections from several localities.

The Ridgeley Sandstone accumulated in a sea that
advanced southward upon the pre-Ridgeley erosion sur-
face. The Auburn promontory, most of which lay south
of the report area, probably was uplifted and eroded
in late- or post-Shriver time. However, uplifting may
have been so early that the Lower Devonian rock se-
quence may not have been deposited in the southern part

of the area. This latter possibility is supported by the
occurrence in the Ridgeley of the clay mineral hallosite,
which is believed by some geologists to represent ex-
tremely weathered parts of shales (Rogers and Kerr,
1933, p. 287). The halloysite, however, may have been
deposited after being eroded and transported from land
areas to the south.

The formation is recognized from east-central Penn-
sylvania to West Virginia. The fauna has been inten-
sively studied by many geologists, most of whom
classify it as middle Early Devonian (Cleaves, 193?;
Allan, 1985; Swartz and Swartz, 1941). The Ridgeley
is correlative with the upper part of the Oriskany Sand-
stone of New York. It has been traced by the authors
into the Silurian () Inwood Sandstone of C. K. Swartz
and F. M. Swartz (1931, p. 635-638), whose type locel-
ity is at Swatara Gap, about 1 mile south of the central
part of the area. The lack of pebbles in the Ridgeley
at this gap led C. K. Swartz and F. M. Swartz to con-
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clude that the Ridgeley was absent and that its strati-
graphic position was occupied by an Upper Silurian
sandstone, which they named the Inwood.

POST-RIDGELEY UNCONFORMITY

An unconformity has been postulated at the top of
the Ridgeley Sandstone by Cleaves (1939, p. 108) and
Willard (1939a, p. 150). They based their belief on
(1) a thin limonite and hematite zone at the top of the
Ridgeley, attributed to erosion or nondeposition; (2)
regional variations in the thickness of the Ridgeley,
presumably because of post-Ridgeley erosion; and (3)
a faunal break between the Ridgeley and the Needmore
Shale and Selinsgrove Limestone.

The existence of an unconformity is supported by
the absence of the Needmore Shale, south of the Sweet
Arrow fault zone. There, the Selinsgrove Limestone,
rests npon the Ridgeley.

NEEDMORE SHALE

Willard (1939a, p. 149) defined the Needmore Shale
as follows:

Beneath the Selinsgrove limestone and supplanting it south-
ward is a limy shale. * * * It is here dubbed the Needmore.
* % * Tt is simply the downward continuation of the non-cherty
limestone, the Selinsgrove member, and is distinguished there-
from solely upon the greater proportion of argillaceous mate-
rial, and “pari parsu”, the decrease in limestone content.

In the northwestern part of the area and farther
north and west, the Needmore Shale rests unconform-
ably on the Ridgeley Sandstone and is overlain con-
formably by the Selinsgrove Limestone. South of the
Sweet Arrow fault zone, the shale is absent, presumably
because it was overlapped to the south by the limestone
which there rests unconformably on the Ridgeley.

The Needmore crops out only on the flanks of the
Hooflander Mountain anticline in the western part of
the Klingerstown quadrangle (GQ-700). There it is
largely covered, and the continuity of the unit was
determined by tracing shale float mixed with sand-
stone and limestone from the Ridgeley and Selinsgrove.
The outcrop belt of the member generally underlies a
gently rolling valley bottom.

The lithology of the Needmore on the Hooflander
Mountain anticline is virtually unknown. West of the
area at Dalmatia, however, the Needmore is well ex-
posed and is about 50 feet thick (White, I. C. 1833, p.
81). There the upper 25 feet consists of alternating very
thin and thin beds of medium- to dark-gray limestone
and very thin beds of dark-gray calcareous shale. The
lower 25 feet is largely dark-gray calcareous shale. The
contact of the Needmore and the underlying Ridgeley
is a disconformity between sandstone and shale. The

upper contact of the member and the overlying Selins-
grove is gradational and is arbitrarily located where
the amount of limestone exceeds that of shale.

The Needmore thickens from O feet near the Sweet
Arrow fault zone to 140 feet several miles north of the
report area (fig. 4). The thickness in the area and the
surrounding region is shown in figure 10. ""he Needmore
seems to thicken northward at average retes of 10 feet
per mile in the eastern part of the area end 5 feet per
mile in the western part. Deformation has shortened the
Devonian rocks of the area about 30 percent. The rate
of northward thickening was about 7 feet and 3.5 feet,
respectively, before deformation.

The rocks of the Needmore apparently accumulated
on an erosional surface of low relief (fig. 9) that was
cut in the Ridgeley Sandstone as the res~lt of a minor
rejuvenation of the Auburn promontory. The sea ad-
vanced from the north; shale accumulated first; then
limestone and calcareous shale alternately were laid
down, and finally limestone predominated. The abun-
dant fauna of the formation suggests that the sea was
shallow and rather clear.

Willard (1939a, p. 156-160) and Cleaves (1939, p.
109) considered the Needmore to be of Middle Devonian
age. The formation as recognized in the area probably
correlates with the Schoharie Grit, the lower part of
the Onondaga of New York (W. A. Oliver, Jr., oral
commun., 1967), and with the lower part of the Need-
more Shale of Maryland (deWitt and Colton, 1964, p.
40—12). Oliver considers the unit to be of Early and
Middle Devonian age.

SELINSGROVE LIMESTONIL

The Selinsgrove Limestone, herein adopted, was
named for Selinsgrove Junction, Pa. (V7illard, 1939a,
p. 146). It rests conformably on the Needmore Shale
on the Hooflander Mountain anticline and north and
west of the area. The contact is gradational and is
placed arbitrarily at the horizon where limestone pre-
dominates over shale. The Selinsgrove overlaps the
Needmore southward and rests unconformably on the
Ridgeley Sandstone with a sharp contact south of the
Sweet Arrow fault zone.

The upper contact is too poorly exposed in the area
to determine the relations, but farther north and west,
the Selinsgrove grades upward into the Marcellus Shale.
The contact is placed where shale precominates over
limestone.

The Selinsgrove Limestone is present in three belts
of outcrop in the area: the flanks of the Hooflander
Mountain anticline (GQ-700) ; the southern part of the
Swatara Hill, Pine Grove, and Tower City quadran-
gles (GQ-689, 691, 698) ; and the central part of the
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F1eure 10.—Isopach map of the Needmore Shale (shaded where absent).

Swatara Hill quadrangle near Sweet Arrow Lake
(GQ-689). It commonly underlies a subdued rolling
or valley-bottom topography and is poorly exposed.
The formation, however, is well exposed about 8 miles
west of the area at Dalmatia. There, it consists of thin
to thick beds of argillaceous fossiliferous finely crystal-
line limestone intercalated with very thin to thin beds
of fossiliferous silty calcareous shale. The fresh lime-
stone is dark gray, medium bluish gray, grayish black,
and brownish black, but it weathers light gray, dusty
yellow, and grayish yellow. Fresh and weathered shale,
in contrast, is dark gray to black. Much of the weath-
ered limestone splits along closely spaced bedding
laminae. The lithology of the unit in the poor exposures
of the area is consistent. with that at Dalmatia.

The Selinsgrove is 0 to 105 feet thick in the area and
sarrounding region (fig. 4). Its thickness is shown by
isopachs in figure 11. The unit thickens northward,
but is thin in a belt that trends north through the cen-
tral part of the area. This depositional pattern prob-

316-352 0—69——3

ably resulted from a slight rejuvenation of the Harris-
burg arch part of the Auburn promontory.

The limestone of the Selinsgrove was deposited in a
southward-advancing sea that overlapped previously
deposited Needmore rocks and lapped onto Ridgeley
rocks south of the Sweet Arrow fault zone. The pmlific
fauna of the limestone indicates that this sea was clear
and shallow, and the lack of clastic detritus sugxests
that the Auburn promontory was low.

The Selinsgrove is early Middle Devonian in age
(Willard, 1989a, p. 154-155; W. A. Oliver, Jr., oral
commun., 1961). Willard (1939a, p. 154-155) considers
the fauna older than, but similar to, that of the Mar-
cellus Shale and Mahantango Formation. Cleaves
(1939, p. 109) considers the fauna distinctly different
from that of the underlying Oriskany Group. The
Selinsgrove probably correlates with the upper part
of the Onondaga Limestone of New York and the upper
part of the Needmore Shale of western Maryland.
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FI1GURE 11.—Isopach map of the Selinsgrove Limestone.

HAMILTON GROUP

The Hamilton Group of Middle Devonian age in-
cludes, in ascending order in the report area, the Mar-
cellus Shale and the Mahantango Formation. The
latter is divided into a lower shale and sandstone mem-
ber, the Montebello Sandstone Member, and an upper
shale member. The group is underlain by the Selins-
grove Limestone and is overlain by the Trimmers Rock
Sandstone of Late Devonian age.

Vanuxem (1840, p. 380) named the Hamilton for
West Hamilton, N.Y. The group, as originally defined,
included only the rocks later assigned to the Ludlow-
ville Shale. In 1842, Vanuxem (p. 150-163) redefined
the Hamilton to embrace the strata between the over-
lying Tully Limestone and the underlying Marcellus
Shale. Clarke (1885) redefined the group in New York
to include the Marcellus, and Willard (1939a, p. 165
2005 1939b, p. 9) proposed that in Pennsylvania the
Hamilton Group include the Marcellus Shale and an

overlying stratigraphic unit which he nam2d the Ma-
hantango Formation. The authors here accey t. Willard’s
definition of the Hamilton Group in Pennsylvania.

MARCELLUS SHALE

The Marcellus Shale of Middle Devonien age was
named by Hall (1839, p. 295-296) for Marcellus, N.Y.
As originally defined, the formation included the rocks
between the overlying Ludlowville Shale anc the under-
lying Seneca Member of the Onondaga Limestone.
Cooper (1930) and Goldring (1931, p. 190-192, 369)
redefined the Marcellus of New York to include the
rocks between the Skaneateles Shale and the underlying
Onondaga Limestone and assigned it to the Hamilton
Group. In the area, the Marcellus rests on the Selins-
grove Limestone, correlative with the upper part of the
Onondaga, and is overlain by the lower shal> and sand-
stone member of the Mahantango Formation. The latter
member contains beds that are probably correlative with
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the Skaneateles Shale (Willard and Cleaves, 1933, p.
766-774).

The Marcellus crops out in three belts, where 1t 1s
poorly exposed. The northernmost belt underlies the
flanks of Hooflander Mountain anticline in the Kling-
erstown quadrangle (GQ-700). The central belt crops
out on the Roedersville anticline in the central part of
the Swatara Hill quadrangle (GQ-689), and the south-
ernmost belt underlies the slopes of Swope Mountain
and adjoining hills in the southern part of the Swatara
Hill and Pine Grove quadrangles (GQ-689, 691). The
belts are generally eroded into a subdued rolling topog-
raphy in valley bottoms or on adjacent hillsides.

The stratigraphy of the Marcellus Shale is not well
known because of cover and structural complications;
however, the upper part of the formation is well ex-
posed a short distance downstream from the dam at
Sweet Arrow Lake (GQ-689). Wherever exposed, the
Marecellus is a grayish-black to black laminated to non-
laminated nonfossiliferous to slightly fossiliferous
silty to nonsilty sooty fissile shale. The shale commonly
weathers to light-gray and medium-gray paper-thin
flakes. Septarian and calcareous concretions are abun-
dant in some outcrops but are absent at most.

The contact of the Marcellus Shale with the under-
lying Selinsgrove Limestone is not exposed in the area,
but in the surrounding region the change from lime-
stone to shale is gradational over a few feet. It is arbi-
trarily placed at the horizon above which fissile nonlimy
black sooty shale predominates over limestone and
dark-gray limy shale.

The boundary between the Marcellus and the over-
lying lower shale and sandstone member of the Mahan-
tango is generally covered, but where exposed, is located
where fissile black sooty shale predominates over very
fine grained sandstone or dark-gray, brown-gray, and
olive-gray shale and siltstone. Locally, the lower shale
and sandstone member of the Mahantango is absent in
the area south of the Sweet Arrow fault zone, and typi-
cal Marcellus shale is overlain by the Montebello Sand-
stone Member.

The Marcellus Shale is 50 to 700 feet thick in the area
and the surrounding region (fig. 12). The regional
trends in thickness are shown by isopachs in figure 13.
The formation is less than 100 feet thick over most of
the southern part of the area and gradually thickens
northward and north-northeastward to about 700 feet
in the northeastern part at an average rate of 35 to 50
feet per mile. The Devonian rocks of the area were tele-
scoped about 80 percent during the Acadian and Appa-
lachian orogenies. The Marcellus Shale thickened
northward in the northern part of the area before this
deformation at an average rate of 25 to 35 feet per mile.

The rocks of the Marcellus Shale were deposited in a
sea that overlapped upon the Auburn promontory far-
ther south than any preceding Late Silurian and Devo-
nian sea. The fine detritus in these rocks and the more
extensive overlap of the sea probably indicate that the

promontory was relatively low during Marcellus time.
Fossils are rare, which suggests that the detritus from
the promontory probably accumulated in rather muddy
waters.

The sparse fauna of the Marcellus Shale is of Middle
Devonian age (Willard, 1939a, p. 161, 172). The forma-
tion in the area is believed to be of the same age as the
type Marcellus of New York because the fauna is sim-
ilar and the formation is overlain and underlain by
rocks that contain similar fossil faunas. It is correlated
with the Delaware Limestone of Ohio and the Dundee
Limestone of southern Michigan (Cooper and others,

1942, chart 4).
MAHANTANGO FORMATION

Willard (1935a, p. 202, 205-223) named the Mahan-
tango Formation for the North Branch of Mahantango
Creek in Perry and Juniata Counties. He included the
rocks between the top of the Marcellus Shale and the
base of his Portage Formation.

The Mahantango is the upper formation of the
Hamilton Group in this area. It consists of a lower
shale and sandstone member, the Montebello Sand-
stone Member, and an upper shale member. It inclu-es
the strata between the underlying Marcellus Shale end
the Trimmers Rock Sandstone and all strata that
locally are assighed to the upper part of the Middle
Devonian Series. However, the Tully Limestone and the
Burket Black Shale Member of the Harrell Shale, which
overlie the Mahantango at the type locality but are
absent in the report area, are of Middle Devonian age.

LOWER SHALE AND SANDSTONE MEMBER

The lower shale and sandstone member includes the
strata from the top of the Marcellus Shale to the base
of the Montebello Sandstone Member. These strata have
not previously been accorded member status in the
vicinity of the report area and have been assigned to
the Marcellus by some authors and to the Montebello
by others (Lesley and others, 1892-95, p. 1217; Willard,
1939a, p. 172-200; Miller, J. T., 1961, p. 27-30; Dyson,
1963, p. 17-19).

The lower member of the Mahantango Formation
crops out on the Hooflander Mountain anticline (GQ~
700), on the Roedersville anticline (GQ-689), and on
the south slope of Swope Mountain and adjacent hills
(GQ-689, 691). In all three areas this member under-
lies slopes capped by the Montebello Sandstone Mem-
ber. It is largely covered by a heavy maitle of soil
and talus blocks, and as a result, the lithology is not ade-
quately known.

The lower contact of the lower shale and sandstone
member is at the top of the black sooty fissile shale
characteristic of the Marcellus. The basal bed of the
member at some places is a very fine grained sandstone
and at others is a dark-gray, brown-gray, or olive-gray
shale or siltstone. The upper contact of the member is
at the horizon where fine- to coarse-grained sandstone

-
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FIcURE 13.—Isopach map of the Marcellus Shale.

of the Montebello predominates over shale and siltstone.

The lower member is about 700 feet thick (fig. 14, sec-
tion 1) on the Hooflander Mountain anticline (GQ-
700). The upper 150= feet is poorly exposed, but seems
to consist of olive-brown, dark-olive-gray, dark-
greenish-gray, and medium-dark-gray siltstone and
shale. A few thin beds of very fine grained medium-gray
sandstone are present in the uppermost 50 feet of the
member. The lower 550 feet of the member is covered,
but a short distance west of the area, the rocks in this
part of the member crop out and are composed of inter-
bedded dark-greenish-gray to medium-dark-gray silt-
stone and shale and medium- to dark-gray very fine to
fine-grained sandstone.

Part of the lower shale and sandstone member is
exposed about 1.4 miles south of Pine Grove, where it
consists, from the base upward of about 90 feet of intex-
calated laminated to thin-bedded yellowish-gray to
light-olive-gray very fine grained sandstone and silt-

stone and about 20 feet of dark-gray shale (fig. 14,
section 3).

The member is well exposed in the spillway below
the dam at Sweet Arrow Lake (GQ-689). There, it con-
sists, from the base upward of a 20=% foot thin- to
thick-bedded olive-gray to dark-gray very fine- to
fine-grained sandstone overlain by a 95= foot unit of
dark-gray to brownish-gray laminated silty shale and
sandstone (fig. 14, section 4).

About 50 feet of dark-gray to brownish-gray lemi-
nated shale of the lower shale and sandstone member
similar to the 95= foot unit south of Sweet. Arrow Lake
is poorly exposed in the southeastern part of the Swa-
tara Hill quadrangle, a short distance south of Movers
(GQ-689) (fig. 14, section 6).

The lower shale and sandstone member in the revort
area ranges in thickness from 0 to about 700z feet
(fig. 14). Tt is absent in much of central Schuylkill
County (fig. 15) along a northeast-trending arch that
originated before deposition of the Montebello. The
member thickens northwestward and southeastward
away from the arch at an average rate of about 50
feet per mile. Crustal shortening of Devonian rocks in
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Northumberland County
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F16¢URE 14.—Columnar sections of the Mahantango Formation.

the area averaged about 30 percent, and the average
rate of thickening before shortening probably was
about 35 feet per mile.

MONTEBELLO SANDSTONE MEMBER

Claypole (1885, p. 67-68) recognized a resistant sand-
stone in the midst of the generally soft beds of the
Hamilton Group in Perry County and named it the
Hamilton Montebello Sandstone for Montebello Nar-
rows on the Little Juniata River. Subsequently, Wil-

lard (1939a, p. 180-200) defined the Montebello as a
facies or sandstone member of the Mahsntango For-
mation. The authors here adopt the Montebello Sand-
stone Member of the Mahantango Formation.

The existence of the arenaceous strata assigned to the
Montebello was not recognized by geologists who
worked in central Pennsylvania before I. C. White
(1883, p. 78-82) and Claypole (1885, p. 67-68). This
oversight is difficult to understand because some of the
more prominent mountain ridges in that part of the
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F16URE 15.—Isopach map of the lower shale and sandstone member of the Mahantango Formation (shaded where absent).

State are underlain by the member.

The Montebello crops out on Hooflander Mountain
and Fisher Ridge in the northwestern part of the area
(GQ-700) and on Stone Ridge and Swope Mountain
and adjacent ridges in the southeastern part (GQ-689,
691, 698).

The ridges underlain by this member generally are
rough and steep, and their slopes are commonly covered
by a heavy mantle of soil and talus.

The contact between the Montebello and the under-
lying lower shale and sandstone member is placed
where fine- to coarse-grained sandstone predominates.
In Hooflander Mountain and Fisher Ridge a 50+ foot
transition zone intervenes between distinct shale and
sandstone lithologies, but is absent in the spillway of
Sweet Arrow Lake and elsewhere in central Schuyl-
kill County. There, the basal fine- to coarse-grained
sandstone of the Montebello rests directly upon shale
and siltstone of the lower member. The local absence
of the lower shale and sandstone member of the Mahan-
tango Formation in central Schuylkill County and the
general absence of the transition zone (fig. 15) in
this same general area suggest that this part of the
county was subjected to pre-Montebello erosion that
locally cut as deep as the upper part of the Marcellus
Shale.

The Montebello Sandstone Member is 470 to 490
feet thick on Hooflander Mountain and Fisher Ridge

(GQ-700). It consists, in ascending order, of 2(0=
feet of fine- to medium-grained sandstone, 140+ fee* of
covered rock, presumably shale, and 150% feet of
sandstone that locally contains vein quartz and quartz-
ite pebbles as much as 1 inch in diameter in the ugmer
20 to 40 feet (fig. 14,section1).

About 1 mile south of Pine Grove (fig. 14, section 3;
GQ-689, 691), the Montebello consists of about 500
feet of fine- to coarse-grained sandstone. The ufver
50 to 60 feet of the unit contain pebbles of vein quartz
and quartzite as much as 1 inch in diameter and abun-
dant, but poorly preserved molds of brachiopods.

About 250 feet of the lower part of the Monteb~llo
crops out (fig. 14, section 4) near the dam at Svieet
Arrow Lake (GQ-689), where it consists largely of
fine- to coarse-grained sandstone and a few thin beds of
siltstone. The upper part of the member is cut off by
the Sweet Arrow fault.

About 1 mile east of Deturksville (fig. 14, section 5;
GQ-689) the Montebello is about 350 feet thick, and
near Moyers (fig. 14, section 6 ; GQ-689) it is about 400
feet thick. At these localities the lower part of the m~m-
ber consists of fine- to coarse-grained sandstone, the
medial part is covered, and the upper part consists of
conglomeratic sandstone containing pebbles as much
as 1 inch in diameter and brachiopod molds.

The Montebello is well exposed a short distance scnth
of the area at Swatara Gap (fig. 14, section 2), wher it
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is 476 feet thick and consists of fine- to medium-grained
sandstone with a few interbeds of siltstone.

The member is 290+ to 710= feet thick in the area
(fig. 16) and is thickest in an area extending from south-
ern Schuylkill County northwestward into central west-
ern Schuylkill County (fig. 16). The thick area
bifurcates in central western Schuylkill County, one
subarea extending northwestward into Northumberland
County and the other extending northeastward across
northern Schuylkill County.

Willard (1939a, fig. 46), in his description of the
Montebello, concluded that a landmass south of the
area shed a large volume of coarse clastics during deposi-
tion of the member. He named this landmass “Cape
Cumberland.” It seems likely that the Cape Cumber-
land of Willard was a rejuvenated part of the Auburn
promontory.

The discordancy of regional thickness trends between
the Montebello and the lower shale and sandstone mem-
ber (figs. 15, 16) suggests that the northeast-trending
arch of late or post-lower shale and sandstone time sup-
plied little sediment during Montebello time,

Fresh sandstone and siltstone in the Montebello are
principally light olive gray and greenish gray, but
light- to medium-dark-gray, olive-gray, and yellowish-
gray hues are not uncommon. Most weathered rocks are
medium- to medium-dark-gray; however, many are
brownish gray, yellowish gray, and olive gray; a few

GEOLOGY, SOUTHERN ANTHRACITE FIELD, PENNSYLVANIA

are dark greenish gray, olive black, and grayish brown.

The beds in the Montebello are chiefly tabular and
parallel laminated ; large-scale cross-stratificrtion is un-
common. The thickness of individual units ranges from
1/ inch to 20 feet and averages about 1 foot.

Most of the sandstone in the Montebello is medium
to coarse grained. Individual constituents range from
very fine grains to 2-inch pebbles. The larger clasts
consist almost entirely of vein quartz and quertzite, The
grains range from angular to well rounded and average
subangular. Many quartz grains interpenetrate. Others,
mostly embedded in a clay and sericite matrix, do not
interpenetrate and are rounded to well rounded. This
difference in rounding and interpenetraticn suggests
that the matrix protected the embedded grains from
pressure solution.

The Montebello is composed mostly of subgraywacke
and protoquartzite. The principal mineral constituents
of both rock types are grains and fragments of vein
and common quartz, sericite, quartzite, and unidentified
clay minerals. A few grains of halloysite, leucoxene,
muscovite, ilmenite, magnetite, tourmaline, and uniden-
tifiable plagioclase and fragments of schist and siltstone
are present in most thin sections. Much of the plagioclase
seems to be altered to sericite and clay and may be the
principal source of the unidentified clay minerals and
halloysite.
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F1GURE 16.—Isopach map of the Montebello Sandstone Member of the Mahantango Formation.
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UPPER SHALE MEMBER

The upper shale member of the Mahantango Forma-
tion includes the rocks from the top of the Montebello
Sandstone Member to the base of the Trimmers Rock
Sandstone. These are the strata that Willard (1935a, p.
202, 205-223) had in mind when he named the Mahan-
tango. From a regional viewpoint, he considered the
underlying Montebello Sandstone Member to be a local
rock sequence of importance only in Perry, Juniata, and
Dauphin Counties.

The member crops out in four belts in the area. The
northernmost of these belts fringes Fisher Ridge and
Hooflander Mountain (GQ-700). The member crops
out in two belts on the north and south limbs of the Pine
Grove syncline and in a fourth belt between the North
Sweet Arrow and Sweet Arrow faults (GQ-689, 691).
The member underlies valleys between ridges that are
held up by the Montebello Sandstone Member and the
Trimmers Rock Sandstone. These valleys in the south-
ern part of the area are generally wide, flat bottomed,
and alluviated. In contrast, the valleys adjacent to
Hooflander Mountain and Fisher Ridge are steep sided
and partly filled with talus from the Montebello and
Trimmers Rock.

The contact between the upper shale member and
the underlying Montebello generally is gradational and
most commonly placed where shale predominates over

sandstone. In the vicinity of Fisher Ridge and
Hooflander Mountain, however, it is at the base of a
50-foot transition zone that consists of shale and thin
sandstone beds. In the area south of the Sweet Arrow
fault zone, an abrupt change from sandstone to shale
marks the contact.

The contact of the upper member and the overlying
Trimmers Rock Sandstone is conformable, and regional
relations indicate that these units intertongue. It is well
exposed at many places on the limbs of the Pine Grove
syncline where it is at the change from shale, silty s"ale,
or siltstone to sandstone.

Figure 14 shows five incomplete measured strati-
graphie sections of the member. These sections and data
from the maps (GQ-689, 691, 698, 699, 700) indicate
that the member ranges in thickness from about 900
feet in eastern Schuylkill County to 1,250+ feet in
Dauphin, Lebanon, and central Schuylkill Counties
(fig. 17) and that the member thins east, north, and west
of Dauphin, Lebanon, and central Schuylkill Counties.

The rocks of the upper shale member are medium to
dark gray, brownish gray, olive brown, and olive gray
and weather to buff hues. Most beds are 1 to 2 irches
thick, but some are as thin as one-eighth inch, and a
few are as thick as 2 feet.

The member is composed principally of nonsilty
shale, lesser amounts of silty shale, and small amcnnts

76°45' 76°15’
40°
45" KLINGERSTOWN VvALCEY VIEW TREMONT MINEF\"SVILLE
-7
/ ///
1000 ﬁo 00 -
%
AT EXPLANATION
T ¢ S ‘000,
$0€‘§§\3*{ S 200
Isopachs

Contour interval 100 feet
%1000

Aeasured thickness, in feet

! #1000

N / somputed thickness, in feet

9
~ N 0 %1000+
e, Y N
4’0 \/’('}_.
o)
3 X&Q \000 1000+
) NS /
[=] {@ 0
4 23 + C
‘14)}\ 1000+,
P \ N 1150, _ __J
yd 2N | —— "7 BERKSTO
40° LYKENS TOWER CITY PINE GROVE L SWATARA HILL
30° 0 5

| I ) | ! |

10 MILES
J

F1eURE 17.—Isopach map of the upper shale member of the Mahantango Formation.
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F1eure 18.—Isopach map of the Mahantango Formation.

of intercalated very fine grained sandstone. The chief
mineral constituents of these rocks are grains of vein
and common quartz, unidentified clay minerals, and
sericitic material.

THICKNESS OF THE MAHANTANGO FORMATION

The Mahantango Formation is 1,200 to 2,190 feet
thick in the area (fig. 18) as shown by sections measured
at the localities in figure 14 and from other measure-
ments in the surrounding region. Relatively thick
Mahantango flanked by thinner areas extends south-
eastward from the vicinity of Hooflander Mountain and
Fisher Ridge into Berks County.

DEPOSITIONAL ENVIRONMENT, AGE, AND CORRELATION OF THE
MAHANTANGO FORMATION

Rocks of the lower shale and sandstone member were
deposited in the same transgressive sea as those of the
Marcellus Shale. Relations between these stratigraphic
units indicate that sedimentation continued without in-
terruption during deposition. The average grain size
in the lower shale and sandstone member, however, is
slightly greater than that in the Marcellus. This charac-
teristic suggests that the source lay somewhat closer to
t}{e report area, was more heavily eroded, or was
slightly higher during lower member deposition than
during Marcellus deposition.

The a.bsence of the lower member of the Mahantango
Formation in centra] Schuylkill County indicates that

this part of the area was uplifted late in the deposi-
tion of the member and that erosion removed any pre-
viously deposited sediments of the member and a part
of the Marcellus Shale. This uplift marked the begin-
ning of a rejuvenation of the Auburn promontory, as
recorded by the coarse clastics of the Montebello
Sandstone Member.

The transitional sequence of shale and sandstone at
Hooflander Mountain and Fisher Ridge indicates that
the Montebello accumulated upon the lover member
without sedimentary interruption. In central Schuylkill
County, however, the Montebello was laid down on a
erosion surface that had been cut through the lower
member into the Marcellus Shale. Deposition of Monte-
bello sediments at some localities took place first above,
then below, sea level. For example, the lower beds of
the member at the Rockville quarries, about 15 miles
west of the area on the Susquehanna River, probably
were deposited above sea level, as shown by remains
of land plants (Willard, 1939a, p. 198) ; but the upper
beds there and elsewhere were deposited below sea level,
as indicated by brachiopod molds.

The upper shale member seems to have been deposited
upon the Montebello Sandstone Member without an
interruption in sedimentation. It accumulated in the
sea as the influx of coarse clastics that had been eroded
from the Auburn promontory during Montebello time
lessened and finally ceased.

Willard (1939a, p. 176-194) described a large late
Middle Devonian fauna from the Mahantango Forma-
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tion. This fauna indicates that the formation is cor-
relative with the Skaneateles, Ludlowville, and Moscow
Shales of central and western New York, that is pos-
sibly is correlative with a part of the Skunnemunk
Conglomerate of New Jersey and southeastern New
York, and that it is correlative with the upper part of
the Romney Shale of Maryland, Virginia, and West
Virginia (Cooper, G. A., and others, 1942, chart 4).

SUSQUEHANNA GROUP

A thick sequence of marine and continental rocks,
the Susquehanna Group, principally of Late Devonian
age, rests with apparent conformity upon the Mahan-
tango Formation in the area.

Inclusion of the Upper Devonian rocks of Pennsyl-
vania in the Susquehanna Group was proposed by Ash-
ley in 1923 (p. 1106-1108). His proposal did not gain
widespread usage for many years, but in 1959 several
geologists working in the Commonwealth accepted the
group as a valid stratigraphic unit (Miller, J. T., and
Conlin, R. R., 1959; Arndt and others, 1959, p. 3).

The Susquehanna Group, as recognized by the U.S.
Geological Survey, includes the strata from the top of
the Tully Limestone of Middle Devonian age to the base
of the Pocono Formation of Early Mississippian. Where
the Tully is absent, as in the report area, the base of the
group is defined as the top of the Mahantango Forma-
tion. In the report area the group consists, in ascending
order, of the Trimmers Rock Sandstone and the Catskill
Formation.

The Trimmers Rock Sandstone and the Catskill
Formation represent a sedimentary cycle that consists,
in ascending order, of a marine rock sequence, a transi-
tional marine and continental rock sequence, and a con-
tinental rock sequence. The gradual change from marine
to continental sedimentation took place through several
thousand feet of rock. The marine sequence is included
largely in the Trimmers Rock. The transitional sequence
is embraced largely by the Irish Valley Member of the
Catskill, but it also includes some of the lower part of
the Damascus Member (GQ-689, 691) and an equivalent
part of the Buddys Run Member (GQ-699, 700). The
continental sequence includes the middle and upper
parts of the latter members and the overlying members
of the Catskill.

TRIMMERS ROCK SANDSTONE

The Trimmers Rock Sandstone, basal unit of the
Susquehanna Group in the area, was named by Willard
(1985¢) for Trimmers Rock, a prominent hill near New-
port in Perry County. As originally defined, it included
those beds underlying the Parkhead Sandstone member
of the Jennings Formation and overlying Willard’s
Losh Run Shale. Subsequently, Willard (1935d) rede-
fined the unit by reducing it to a member of his Fort
Littleton Formation, which, in ascending order, con-
sisted of the Harrell, Losh Run, Trimmers Rock-Bral-

lier, and Parkhead Members. The Trimmers Rock is the
dominant or only division of the Fort Littleton Forma-
tion of Willard that is present in the area and in the
region to the east. Therefore, Klemic, Warman, and
Taylor (1963, p. 15) reclassified the Trimmers Rock
Sandstone as a formation in the Lehighton 714-quad-
rangle, Carbon County. The authors concur with tl-eir
decision and consider the Trimmers Rock of the crea.
to be a formation that includes the strata between the
Mahantango and Catskill Formations.

The Trimmers Rock crops out in three belts in the
area. Each of these belts is hilly and has a topograrhic
relief that averages about 200 feet, but which at pleces
may be slightly more than 300 feet. Localities under’ain
by the formation commonly are mantled with a blo~ky
sandstone rubble.

The largest belt of outerop of the Trimmers RocY is
about 15 miles long and underlies the limbs and trongh
of the Pine Grove syncline in the Pine Grove, Swatara
Hill, and Tower City quadrangles (GQ-689, 691, 698).
Outcrops are poor, except near the base of the formation
where there are many good exposures in borrow pits.

North of the Sweet Arrow fault zone a second belt
of outcrop extends from the eastern boundary of the
Swatara Hill quadrangle to a point about halfway be-
tween Beuchler and Outwood in the Pine Grove quad-
rangle, where it is truncated at the fault zone (GQ-689,
691). This belt is about 0.4 to 0.5 of a mile wide. C 1t-
crops are sparse and poor, except locally in steep-sided
valleys.

The third belt of Trimmers Rock underlies both
limbs and the crest of the Broad Mountain anticlinor-
ium in the Klingerstown and Valley View quadrangles
(GQ-699,700). Exposures generally are poor, but along
some valley walls several hundred feet of the formation
crop out locally.

The Trimmers Rock Sandstone conformably overlies
the upper shale member of the Mahantango Formation
in the area. However, about 4 miles west of the avea,
near Mandata, the Burket Black Shale Member of the
Harrell Shale intervenes, and about 8 miles west of the
area, near Dalmatia, the upper part of the Harrell and
the Brallier Shale also intervene (D. M. Hoskins and
R. R. Conlin, oral commun., 1961). Detailed strti-
graphic work between these exposures and the report
area indicates that the Harrell and Brallier probably
tongue out eastward into the lower part of the Trim-
mers Rock. Eastward intertonguing of the Harrel and
Brallier into the Trimmers Rock was first suggested by
Willard (1935b, p. 39), who noted that the basal beds of
the Trimmers Rock east of the area, in Monroe County,
contain Hypothyridina venustula, the guide fossil of the
Middle Devonian Tully Limestone. On the basis of this
fossil, he postulated that successively older Late Devon-
ian Brallier Shale, Late Devonian Harrell Shale, and
Middle Devonian Tully Limestone tongued eastward
into the Trimmers Rock. Thus, in the area, the contact
between the Trimmers Rock and the upper shale mem-
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ber probably is older than the Burket Black Shale Mem-
ber of the Harrell and may be as old as the Tully Lime-
stone. The contact is at the sharp change from shale,
silty shale, and siltstone of the upper shale member to
very fine grained to fine-grained sandstone and siltstone
of the Trimmers Rock.

The contact of the Trimmers Rock with the overlying
Irish Valley Member of the Catskill Formation norm-
ally is placed at the base of the lowest red bed. Within
the area, these units intertongue at a scale so large that
individual tongues can be shown on 1: 24,000 maps (GQ-
689, 691, 699, 700). In the core of the Pine Grove syncline
(GQ-689) a discontinuous tongue of Irish Valley red
beds locally splits the Trimmers Rock in half. At this
one place, therefore, a sequence of olive and gray strata
of the Trimmers Rock is shown to lie above the lowest
red bed. Regionally, rocks at the base of the Irish Valley
tongue to the east and southeast with successively older
rocks at the top of the Trimmers Rock. The scale of
intertonguing is so great that much, if not all, of the
Irish Valley in the southeastern part of the area (GQ-
689, 691) may be the time equivalent of the Trimmers
Rock in the northwestern part (GQ-699, 700).

A few feet to several hundred feet of the Trimmers
Rock Sandstone crop out at numerous places in the area.
Only one of these outcrops, north of Pine Grove on the
west side of Swatara Creek, is sufficiently well exposed
so that a section can be measured and the lithology
studied (fig. 19, section 1). There, the basal part of the
formation is truncated by the Sweet Arrow fault zone,
and only 2,011 feet is measurable. Regional mapping
suggests that the original thickness of the formation at
this locality was about 2,100 feet.

Another outcrop of the Trimmers Rock, 2,259 feet
thick, which appears to be unfaulted, lies a few miles
east of the area. The exposure is about 2.4 to 2.85 miles
south of Pottsville on the east side of Schuylkill River
in roadcuts of the Pennsylvania Railroad and a county
road (fig. 19, section 2). The formation is not so com-
pletely exposed in this section as it is north of Pine
Grove, but the lithology is similar.

The thickness of the Trimmers Rock Sandstone was
caleulated at many places in the area. These computed
thicknesses, the thicknesses measured at the sections
shown in figure 19, and many other thicknesses deter-
mined in the surrounding region were used to construct
an isopach map of the formation (fig. 20). The Sweet
Arrow fault zone separates the Trimmers Rock into
two areas of contrasting thickness. North of the zone
the formation thickens northeastward from about 1,800
feet in the southwestern part of the area to more than
2,400 feet in the northeast. South of the zone it thickens
northwestward from about 1,300 feet to more than 1,500
feet. The contrasting thicknesses on opposite sides of the
fault zone probably did not develop during deposition.
Therefore, it is likely that faulting brought into juxta-
posttion parts of a depositional basin which previously
were far removed one from another. This probability is
supported by a similar difference in the thickness of the

overlying Irish Valley Member of the Cats*ill Forma-
tion across the zone.

North of the Sweet Arrow fault zone the Trimmers
Rock thickens northeastward at a rate of 27 to 33 feet
per mile. Before the 30 percent structural foreshorten-
ing of the Devonian rocks of the area, it probably
thickened northeastward at an average rate of 19 to 23
feet per mile. South of the fault zone, the Trimm?rs
Rock thickens northwestward at about 80 feet per mile.
Structural shortening in this part of the area seems
to have been negligible, and the original rate of deposi-
tional thickening has not changed. ]

Freshly exposed rocks in the formation are chiefly
light olive gray, light brownish gray, olive brown, and
medium gray, but grays, browns, and greens are not un-
common. Weathered rocks are largely light olive gray,
medium to dark gray, and brownish gray; a few are
greenish-gray.

Most beds in the formation are tabular, but some are
cross-stratified and wedge shaped. Beds range in thick-
ness from 14 inch to 10 feet and average shout 1 foot.
Sole markings, current laminations, crossbeds, and
other current-oriented sedimentary features indicate
that the source of the clastics of the Trimm-ers Rock lay
southeast and east of the area.

The rocks of the Trimmers Rock consist of slightly
to moderately fossiliferous well-cemented sandstone
and micaceous siltstone and some micaceous shale. The
repetition of sandstone and siltstone beds of approxi-
mately equal thickness is the outstanding characteristic
of the formation. The sandstones are protoquartzite
and subgraywacke with a small amount of orthoquartz-
ite. They are predominantly very fine grained; how-
ever, fine- to coarse-grained sandstone is no* uncommon,
and pebble conglomerate is present about two-thirds
of a mile southwest of Twin Grove Park (GQ-698) in
a roadcnt of the Reading Co. The sandstones are com-
posed of grains of common and vein quartz and sub-
ordinate amounts of quartzite, other rock fragments,
halloysite, unidentified clay minerals, biotite, ilmenite,
muscovite, sericite, and small percentages of andesine,
orthoclase, tourmaline, and zircon. Althorgh the aver-
age grain is subangular, the shape ranges from angular
to well rounded. Cementing media are silica and clay
with minor amounts of limonite and calcite.

The siltstone of the Trimmers Rock contains less
quartz and more sericite and unidentified clay minerals
than does the sandstone. The shale in the formation is
similar to the siltstone, except that the percentage of
sericite and clay minerals is greater.

The Trimmers Rock Sandstone seems to have accumn-
ulated without interruption upon the upper shale mem-
ber of the Mahantango Formation. The basal beds of
the sandstone in the area probably are laterally equiv-
alent through intertonguing with the Tully Limestone,
Harrell Shale, and Brallier Shale.

The clastic sediments of the formation were derived
from a landmass that lay east and southeast of the area,
possibly in New Jersey or eastern Pennsylvania. They
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seem to have been deposited in a westward-regressing
sea that was being filled with debris from the landmass.
The repetitious interbedding of siltstone and sandstone
was probably caused by slight changes in the compe-
tency of the streams carrying sediment to the sea and
by slight changes in the competency of marine and tur-
bidity currents distributing the sediment.

Frakes (1961) postulated that the Trimmers Rock
was deposited exclusively by turbidity currents. He
cites as evidence of turbidity-current deposition : graded
bedding, convoluted bedding, load casts, current lam-
inations, oriented plant fragments, sole markings and
alternating lithologies. Similar sedimentary features
in other parts of the United States commonly are inter-
preted to indicate deposition by turbidity currents, but
in many places they also can be interpreted to indicate
variations in the fluvial supply of sediment and the
marine currents depositing the sediments. The authors
believe that turbidity currents were active during depo-
sition of the formation, but they do not believe that the
widespread alternation of sandstone and siltstone beds
over thousands of square miles was accomplished solely
by turbidity currents.

An extensive fauna has been reported from the
Trimmers Rock (Willard 1939a, p. 212-215). The
abundance of this fauna indicates that the sediments of
the formation accumulated in relatively shallow waters
where food, oxygen, and light were plentiful.

The uppermost gray beds of the Trimmers Rock
Sandstone at any locality in the area cre laterally
equivalent through intertonguing east of that locality
with the basal red beds of the Irish Valler Member of
the Catskill Formation. The reason for tl'= change in
color at the Trimmers Rock and Irish Valley contact
is not definitely known, but the following is postulated
Sedimentary features and intertonguing relations in-
dicate that the sediment in these stratigraphic units
was derived from a source east and southeast of the
area (MclIver, 1960; Frakes, 1961, fig. 1). Much of the
detritus from the source arrived at the strand line as
a red sediment. Whenever deposition was rapid, the
sediment was quickly buried and was not exposed for
long periods to a marine reducing environment; it thus
retained its red color. When deposition wes slow, how-
ever, reduction of ferric iron to ferrous iron took place,
and the red color of the sediment was changed to gray
and olive. The basal red beds of the Irish Valley prob-
ably represent the oldest Upper Devonian rocks to ac-
cumulate so rapidly that they were buried before being
subjected to reduction and a consequent change in
color.

Although the contact between the Trimmers Rock
and Irish Valley is placed at the lowes‘ red bed in
the Upper Devonian sequence, marine sediments sim-
ilar to those of the Trimmers Rock were deposited as

tongues in the lower parts of -the Damascus and Bud-
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dys Run Members of the Catskill Formation. Most red
beds between these tongues, and some red beds in the
Irish Valley Member, contain macerated plant fossils,
fragments of coalified vegetation, raindrop impres-
sions, mud cracks, and animal tracks that are consid-
ered to indicate terrestrial deposition (Barrell, 1913
14, p. 455, 466). The interbedded marine and conti-
nental rocks in the Damascus, Buddys Run, and Irish
Valley Members indicate that the lower part of the
Catskill Formation accumulated in a generally regres-
sive sea in which minor transgressive phases were not
uncommon. The minor transgressions probably were
due to slight readjustments in the altitude of the sea
bottom and to variations in the amount of sediment
being deposited in the sea.

At any one locality it is uncertain where continental
accumulation began, but the intertonguing indicates
that such accumulation began at different times in dif-
ferent localities. It is possible that at some places the
oldest continental sediments coincide with, or slightly
underlie, the basal red bed of the Irish Valley, but it
is more reasonable to assume that terrestrial sedimen-
tation began later in Irish Valley time. Despite this
uncertainty, most geologists who have worked the Up-
per Devonian rocks of eastern Pennsylvania consider
the basal red bed of the Irish Valley to mark the upper
limit of wholly marine deposition which began in
Silurian time.

The Trimmers Rock Sandstone contains an early
Late Devonian fauna (Willard, 1939a, p. 211-215;
Cooper, G. A., and others, 1942, chart 4). The Harrell
and Brallier Shales of central Pennsylvania, the
Woodmont Shale of western Maryland, and the Son-
yea and Genesee Formations (de Witt and Colton,
1959) of central New York contain a similar fauna.
The regional intertonguing of the Trimmers Rock
with underlying rocks and the local occurrence of the
fossil Hypothyridina venustulo east of the area indi-
cate that the basal beds of the formation are equivalent
to the Middle Devonian Tully Limestone (Willard,
1935b, p. 39). The intertonguing between the rocks of
the formation and overlying rocks is suggestive that
the upper beds of the formation are equivalent with
part, and perhaps with all, of the Irish Valley Member
of the Catskill.

DEVONIAN AND MISSISSIPIAN ROCKS

CATSKILL FORMATION

The Catskill Formation of Late Devonian and
Early Mississippian age is the upper division of the
Susquehanna Group. It includes the rocks between the
top of the Trimmers Rock Sandstone and the base of
the Lower Mississippian Pocono Formation. These

rocks are divided into members that are classified dif-
ferently in the southern and northern parts of the
area. In the southern part (GQ-689, 691, 698, 701) the
formation is divided, in ascending order, into the Irish
Valley, Damascus, Honesdale, Cherry Ridge, and
Spechty Kopf Members. The Honesdale Sandstone
Member, which tongues or wedges out northward in
the subsurface of the area, separates the generally
finer grained red beds of the Damascus from similar
red beds of the Cherry Ridge. Where it is absent in
the northern part of the area (GQ-692, 699, 700), the
indistinguishable Damascus and Cherry Ridge Mem-
bers are mapped together as the Buddys Run Memker.

Mather (1840, p. 212213, 227-233) named the Catsl-ill
for the mountains in Delaware, Greene, Schoharie, Sul-
livan, and Ulster Counties, New York. He included in
it the rocks between the Onondaga Limestone and the
Pottsville Formation. Vanuxem (1842, p. 186-194) re-
defined the Catskill to include only the rocks younger
than the Chemung Formation. During the 20th cn-
tury, many geologists who worked in New York cis-
cussed the Catskill, the strata it should and should not
include, and its age relations at various places.

Meanwhile, I. C. White (1883, p. 49-75) solved the
problem of the base of the Catskill in Pennsylvania to
the satisfaction of most geologists who have studied
the formation there by placing the lower contact at
the lowest red bed. He assigned the marine strata be-
low the lowest red bed to the Chemung (Trimm-ors
Rock Sandstone of this report) and the transitional
red- and olive-hued alternating marine and continental
beds above it to his transitional Catskill-Chemung
Group (Irish Valley Member of this report).

Lesley (in Lesley and others, 1892-95, p. 1601-1607),
in his summation of the geology of Pennsylvania, in-
cluded White’s Catskill-Chemung Group in the Cets-
kill, which he reduced in rank from a group to a
formation. He followed White in placing the base of
the Catskill at the base of the lowest red bed.

The problem of the upper contact of the Catskill vas
solved by Lesley (1876) and Franklin Platt and W. G.
Platt (1877, p.xxvi) when they named the Pocono Sand-
stone (Pocono Formation of this report) and stated
that the gray rocks of this unit overlay red rocks of the
Catskill. The precise position of this contact at meny
localities has been the subject of much discussion; how-
ever, Lesley’s and the Platts’ definition of the ‘Catsl-ll
and Pocono contact generally has been accepted. 1. C.
White (1883, p. 49-52) states that his Pocono-Catsl-ill
Transition Group (probably the Spechty Kopf Member
of this report) was a transitional gray and red rock se-
quence between the gray Pocono and the red Catskill.
Lesley, in 1892 (Lesley and others, 1892-95, p. 1601-
1607), included this unit in his Catskill Formation, thus
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placing the top of the Catskill at the top of the upper-
most red bed, the contact recognized in this report.

Williams (1887, p. 27) and Hartnagel (1912, p. 86)
recognized that from east to west the basal beds of the
Catskill overlay successively younger beds in the strati-
graphic sequence. However, it remained for Chadwick
(1933a, b; 1935a) and Willard (1933, 1935b, 1936,
1939a) to comprehend and describe the intertonguing of
the Catskill with strata ranging in age from Middle
Devonian in New Jersey and eastern New York to latest
Devonian in western Pennsylvania and southern New
York.

IRISH VALLEY MEMBER

The Irish Valley Member was named by Arndt,
Wood, and Trexler (1962, p. C35) for a valley near
Shamokin, Northumberland County, Pa. The member
includes the strata between the Trimmers Rock Sand-
stone and either the Damascus or Buddys Run Member
of the Catskill Formation.

Geologists who have worked in eastern Pennsylvania
classified the strata assigned to the Irish Valley Member
as follows: I. C. White (1883, p. 63-67) assigned them
to his Catskill-Chemung Group. A few years later Les-
ley (in Lestey and others, 1892-95, p. 1594-1607) placed
them at the base of the Catskill. Barrell in 1913 (1913-
14, p. 455-458) assigned the upper beds of the unit to
his Catskill-Chemung transition beds and the lower
beds to his Chemung Group. Willard (1939a, p. 257
307) apparently did not recognize the strata included
in the Irish Valley Member. According to his figure 72
and the text of his report (p. 291-295), continental red
beds of his Damascus Red Shale (Damascus Member
of the Catskill in this report) rest upon gray beds of
the marine Trimmers Rock Sandstone in the vicinity of
the area. It, therefore, appears that he overlooked the
interbedded red and olive-gray marine and continental
rocks of the Irish Valley Member.

The Irish Valley Member crops out on the flanks and
crest of the Broad Mountain anticlinorium in the
Klingerstown and Valley View quadrangles (GQ-699,
700). A second, less extensive, belt of outcrop lies north
of the Sweet Arrow fault zone in the Pine Grove and
Swatara Hill quadrangles (GQ-689, 691). A third belt
is on the limbs and trough of the Pine Grove syncline
in the eastern part of the Swatara Hill quadrangle
(GQ-689).

Exposures in the various belts of outcrop of the Irish
Valley are usually limited to natural cuts along steep
valley walls and to manmade cuts along roads and rail-
roads. Despite the scarcity of outcrops, the belts are
easily mapped at most places by tracing alternating
bands of red and olive-gray varicolored float. Delinea-
tion of these bands during fieldwork made it possible

to determine the structural features and stratigraphic
changes that are shown on quadrangles GQ-689, 691,
692, 699, 700.

The member generally underlies a subdued rolling
upland that has shallow steep-sided valleys. The amount
of relief locally is as much as 300 feet.

The lower and upper beds of the Irisk. Valley are
conformable with underlying and overlying strata. The
member intertongues with the underlying Trimmers
Rock Sandstone and the overlying Buddys Run or
Damascus Members at a scale large enough to be shown
on 1:24,000 maps. The stratigraphic relations between
the Irish Valley and the Trimmers Rock sre described
in the chapter about the latter formation. The only part
of that description reemphasized here is that the con-
tact between these units is at the base of the lowest red
bed in the Upper Devonian rock sequence. The contact
of the Irish Valley with overlying rocks is at the horizon
above which the red beds dominate and belcw which red
and olive-gray beds are intercalated the percentage of
red beds decreasing stratigraphically downward.

Both the upper and lower contacts of the Irish Valley
Member gradually rise westward in the Devonian se-
quence by intertonguing. It is possible that much, if
not all, of the member in the southeastern part of the
area is the time equivalent of the Trimmers Rock Sand-
stone in the northwestern part. Similarly, the lower
beds of the Damascus Member in the southeastern part
may be time equivalents of the Irish Valley of the north-
western part.

The Irish Valley has been measured and described
at a locality a short distance north of Pine Grove on
the west side of the Reading Railroad tracks and Swa-
tara Creek (fig. 21, section 1). It has also been measured
east of the area at localities north of Cresrona (fig. 21,
section 2) and south of Pottsville (fig. 21, section 3).
An isopach map of the member, constructed from these
measurements and from many other thicknesses that
were calculated across the outcrop belts (fg. 22), indi-
cates that the Irish Valley thickens northwestward from
a minimum of 185 feet near Pine Grove to a maximum
of 2,250 feet in western Schuylkill and southern North-
umberland Counties and then thins in the same direction
to about 1,800 feet north of Hooflander Mountain. The
member is 900+ feet thick south of the S‘weet Arrow
fault zone and only 185 to 300 feet thick a short distance
north of the zone. This great difference in thickness
across the zone suggests that faulting has brought close
together rock sequences that originally lay far apart.
A similar difference exists across the zone in the Trim-
mers Rock Sandstone and also suggests considerable
foreshortening. The Irish Valley thickens northward at
an average rate of about 180 feet per mile north of the
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FI6URE 22 —Isopach map of the Irish Valley Member of the Catskill Formation.

fault zone in Schuylkill and Dauphin Counties. Before
the folding and faulting, which shortened the Devonian
rocks of the area about 30 percent, the member thickened
northwestward at a rate of about 125 feet per mile.

Fresh and weathered sandstones in the Irish Valley
Member are mainly light olive gray and pale brown,
but light greenish gray, greenish gray, light brownish
gray, brownish gray, pale red, and dusky yellows are
common. The siltstone is predominantly grayish red,
pale brown, and light olive gray, but some is light to
medium gray, light greenish gray, and yellowish gray.
The shale is pale to olive gray, greenish gray, yellowish
gray, yellowish brown, and pale red.

Beds of the Irish Valley are 2 inches to 50 feet thick
and average 3 feet. Most are tabular; but a few are
irregular and wedge shaped, and a very few are cross
stratified with small-scale planar crossbeds.

The coarser grained rocks of the Irish Valley are
chiefly protoquartzite and subgraywacke. They are
composed in large part of grains of common and vein
quartz and fragments of quartzite with lesser amounts
of biotite, muscovite, sericite, tourmaline, and zircon
grains; rock fragments of schist and slate; unidenti-
fied clay minerals; and a very small amount of ande-
sine and orthoclase grains. Grain size ranges from very
fine to fine and averages very fine. Cementing materials
are silica, limonite, hematite, and clay. The sorting is
poor to excellent but is usually good. The shale and

siltstone contain the same mineral assemb'ages as the
coarser grained rocks but the amount of mica minerals
and unidentified clay minerals increases gs the grain
size decreases.

The depositional environment of the Irish Valley was
discussed in the description of the Trimmers Rock Sand-
stone and will not be discussed at great length here.

The rocks of the Irish Valley are chiefly red and
olive gray. They are believed to have accumulated in
part, in a westward regressing sea; in part, at the
margins of the sea; and perhaps in part, in deltas and
on flood plains. Most of the sediment that accumulated
at or below sea level probably was red when it arrived
at the strand and retained its color becaus: deposition
and burial were rapid; however, when deposition and
burial were slow, reduction changed the red to olive
gray.

Marine fossils in the olive-gray beds and in some red
beds of the member suggest that the sea bottom sup-
ported prolific life. The interbedding of marine and
continental rocks further suggests that this marine life
flourished in shallow waters near the shore. "hese waters
were generally regressing to the west because of a grad-
ual filling of the depositional basin with sediment from
a rising landmass east of the area. Minor trrusgressions
took place from time to time and probably were caused
by temporary decreases in the supply of detritus brought
into a generally sinking basin. As time went on, how-
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ever, the supply of detritus increased intermittently, so
that by the end of Irish Valley sedimentation, the sea
was largely forced west of the area.

Most geologists have believed that wholly marine De-
vonian deposition ended in the vicinity of the area with
the end of Trimmers Rock deposition. Similarly, even
though marine tongues are present in the Buddys Run
and Damascus Members, the top of the Irish Valley
Member is believed generally to mark the final regres-
sion of the Devonian sea.

The fauna of the Irish Valley Member has not been
studied, but because the member tongues with the over-
lying Buddys Run and Damascus Members and with
the underlying Trimmers Rock Sandstone, it can be
assumed that the age is also early Late and middle Late
Devonian (Cooper, G. A., and others, 1942, chart 4).

Regional correlations of the Irish Valley into other
parts of Pennsylvania are uncertain because of the in-
tertonguing relations of the member and because the
stratigraphic relations of the lower part of the Catskill
Formation elsewhere in the Commonwealth are im-
perfectly understood. The Irish Valley, therefore, is
correlated only tentatively with part and perhaps all
of the Chemung Formation of central Pennsylvania,
with the Dellville Sandstone and Kings Mill Sandstone
and Shale of Claypole (1885) of Perry County, and
with the Shohola Formation of Willard (1936) of
northeastern Pennsylvania and southeastern New York.
The local discontinuous tongue of the Irish Valley near
the middle of the Trimmers Rock Sandstone in the Pine
Grove syncline (GQ-689) may be laterally correlative
with the Walcksville Sandstone Member of the Catskill
in Carbon County (Klemic and others, 1963, p. 26-27),
whicl, in turn, may be correlative with the Analomink
Red Shale of Willard (1935d) in Monroe County.

DAMASCUS MEMBER

The lowest persistent red division of the Catskill For-
mation on the Pocono Plateau of northeastern Pennsyl-
vania was named the Damascus Red Shale by Willard
(1936, p. 571, 584-585) for exposures near Damascus.
After an extensive field reconnaissance on the Pocono
Plateau (Harry Klemic, oral commun., 1959), Klemic,
Warman, and Taylor (1963, p. 28-29) accepted Wil-
lard’s correlation of the Damascus into the Lehighton
quadrangle at the east end of the Southern Anthracite
field. The authors also tentatively accept the Damascus
as a member of the Catskill Formation in the southern
part of the area. The term “red shale” is abandoned as
a lithologic modifier because the member at many lo-
calities consists in large part of gray, olive, green, and
brown sandstone, siltstone, and shale. As used in this re-
port, the Damascus Member includes all strata lying
between the Irish Valley and Honesdale Members. ,
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The Damascus Member crops out in two belts in the
area. The larger of these lies south of Second Momn-
tain (GQ-689, 690, 691, 698); the smaller is in the
upper reaches of Powell Creek valley (GQ-701). The
lower part of the Damascus in both belts underlies a
gentle rolling subdued topography. Stream valleys are
not dissected deeply, and this part of the unit is com-
monly farmed intensively. The upper part of the mem-
ber in the belt south of Second Mountain underlies steep
heavily wooded slopes, which are dissected by transverse
valleys only at wind and water gaps. The upper part of
the unit in Powell Creek valley underlies gentle to steep
moderately dissected heavily wooded slopes.

The lower contact of the Damascus with the Irish
Valley Member is difficult to pick because it is in a zone
of intertonguing. Individual tongues of Damascus or
Irish Valley strata at many places are large enougl so
that they can be shown on 1:24,000-scale maps (GQ-
689, 690, 691, 698). In general, the contact is arbitrarily
placed at the horizon above which the main red bed
sequence of the Damascus predominates over the red and
olive-gray beds of the Irish Valley. The stratigrarhic
position of this contact rises gradually from east. to vest
by intertonguing.

The upper boundary of the Damascus on the southern
slope of Second Mountain (GQ-689, 690, 691, 698) is
covered at most localities, but is placed where red and
gray fine-grained rocks of the member are overlain by
red and gray rock of the basal conglomeratic sequence
of the Honesdale Sandstone Member. In the southern
part of the Liykens quadrangle (GQ-701) this contact is
not exposed and is arbitrarily placed at the base of a
sequence of medium-grained to very coarse grained
sandstone of the Honesdale and at the top of grayish-
red fine-grained to very fine grained sandstone and sl'nle
of the Damascus.

The Damascus Member is best exposed within the srea
north of Pine Grove (fig. 21, section 1). Several miles
east of the area and north of Cressona on the vrest
branch of the Schuylkill River it is relatively well ex-
posed (fig. 21, section 2), and a short distance farther
east and south of Pottsville on the main branch of the
Schuylkill River it is less well exposed (fig. 21, section
3).

In addition to the measured sections, the thickness
has been calculated at many places in the member. Tl ose
calculated and measured thicknesses and the thickness
at places outside the area were used to compile figure 23,
an isopach map of the member. The Damascus is not
shown northwest of a line where the Honesdale Sand-
stone Member is inferred to wedge out, or south of the
Sweet Arrow fault zone where the member has been re-
moved by erosion. Between the fault zone and the wedge
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out of the Honesdale, the Damascus thins northward
from 4,650+ feet near the zone to slightly more than
2,500 feet at the wedge out at an average rate of 190
to 220 feet per mile. The rocks of the member were tele-
scoped about 30 percent during folding and faulting,
and before deformation they probably thinned north-
ward at an average rate of about 135 to 155 feet per mile.

The sandstone of the Damascus Member is largely
grayish pink to grayish red, light olive to olive gray,
pale brown, and dusky yellow. Some is light to dark
brownish gray, pale to dark yellowish brown, greenish
gray to dark greenish gray, and greenish to moderate
yellow. Conglomerate is pale to dark yellowish brown,
grayish red, and dusky yellow. The siltstone, in order of
decreasing abundance, is grayish red, pale brown, light
to olive gray, medium gray and light to brownish gray.
The shale iy largely light to olive gray and grayish red,
a few beds being pale brown, light to brownish gray,
and light to dark greenish gray, and dusky yellow.
Grayish-red and pale-brown rocks compose about 50 to
75 percent of the member, and rocks of other colors
constitute the remainder. The percentage of red beds in
the member decreases eastward from about 75 percent in
the southeastern part of the Tower City quadrangle
(GQ-698) to about 50 percent at the east border of the
Swatara Hill quadrangle (GQ-689), and is only about
40 percent east of the area near Cressona (fig. 21, sec-
tion 2) and Pottsville (fig. 21, section 3).

The beds of the Damascus range in thickness from 1/
inch to 15 feet and average about 3 feet. Most sand-
stone beds are about 8 feet thick, but many are much
thicker. The average siltstone and shale bed is about 1
foot thick, but many are as thin as 1% incl. or as thick
as 15 feet. Slightly more than 50 percent of the member
is tabular bedded, and the remainder is wedge bedded.
Many beds are cross stratified with simple and planar
cross-strata, which generally are less than 1 foot long
but which locally may be as long as 5 feet. Cross-strati-
fication is more common in the upper and middle parts
of the member than in the lower. Graded bec ding is com-
mon and reverse grading is rare.

Many shale and siltstone beds are int>rnally con-
torted. In most places the contortions developed after
consolidation and were caused by structural adjustments
of more competent strata moving differentially against
the less competent shale and siltstone. In a few local-
ities, however, the contortions developed sfter deposi-
tion and before consolidation.

Plant fragments, raindrop impressions, and mud
cracks are preserved in many sandstone end siltstone
beds. Ripple marks, whose crests generally trend north-
eastward, are common in the upper parts of some silt-
stone and fine-grained sandstone beds.

Rock types of the Damascus Member are, in decreas-
ing order of abundance, shale, sandstone, siltstone, and
conglomerate. The sandstone is predominantly fine
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grained, but much is very fine to medium grained.
Coarse-grained and very coarse grained sandstone is
present throughout the unit, whereas conglomerate is
confined to the upper part. The average diameter of the
pebbles in the conglomerate is about three-eighths of
an inch, and the maximum is as large as 2 inches.

Although most of the sandstone is subgraywacke, a
considerable amount is protoquartzite and graywacke.
The mineral assemblages of the three rock types are
similar; the principal difference between protoquartzite
and graywacke is an increase in the amount of feldspar,
clay minerals, micaceous minerals, and rock frag-
ments—such as quartzite, schist, phyllite, and slate in
the graywacke—and a proportionate decrease in vein
and common quartz. The principal mineral constituents
of all types of sandstone are grains of vein and common
quartz and fragments of quartzite. Accessory minerals
are grains of muscovite, tourmaline, zircon, ilmenite,
magnetite, leucoxene, sericite, unidentified clay min-
erals, and andesine and orthoclase altering to clay. In
addition, there are considerable but greatly variable
quantities of rock fragments of chert, schist, phyllite,
and slate. Feldspar is present in small quantities
throughout the member but is more common in the mid-
dle part. The matrix consists chiefly of sericitic material
and unidentified clay minerals with varying amounts of
hematite and limonite. Many red sandstone beds contain
as much as 15 percent hematite and limonite. The sort-
ing is commonly fair to good in the protoquartzite but
is generally poor in the subgraywacke and graywacke.
Most. quartz grains are subangular to subrounded, but
well-rounded quartz grains are relatively common. The
cements in the nonred sandstone are largely silica and
clay, but in the red sandstone the cement is largely
hematite.

The mineral assemblages of the siltstone and shale
of the member correspond to those of the three types
of sandstone. The essential difference is an increase in
the relative percentage of clay and micaceous minerals
as the grain size decreases. Many red siltstone and shale
beds contain as much as 15 percent hematite and limo-
nite as cementing and interstitial material.

The pebbles of the conglomerate are largely white
and gray vein quartz with considerable amounts of
quartzite and minor amounts of schist, phyllite, slate,
and shale.

Most of the lower part of the Damascus Member accu-
mulated above sea level, but a few transgressions of
the sea are recorded by thin tongues of olive-gray and
red beds containing marine fossils. The upper part was
deposited under wholly continental conditions.

Barrell (1913-14, p. 464-166) stated that the Catskill
was deposited on a subaerial plain where deltaic condi-
tions prevailed. His conclusion was based upon sedi-

mentary features, such as mud.cracks, raindrop impres-
sions, plant rootlets, and the lack of marine fossils in
most beds. He recognized, however, that the sea trans-
gressed and regressed many times upon the delta in
early Catskill time, but from the uniformity of red
shale (red beds?) in the formation, he concluded that
the delta was well drained when not beneath marine
waters. He also believed that the red color of most Cats-
kill rocks was due to sea-level oxidation during and
after deposition and that the rocks were not red before
that time. In addition, Barrell postulated that the gray
beds of the Catskill accumulated in the sea.

When the large number of gray beds in the Damascus
Member are considered, the theories advanced by Par-
rell demand that the sea fluctuate back and forth across
the delta many hundreds of times. Barrell’s concept of
sea-level fluctuation probably is incorrect because rost
of the gray beds contain plant fossils and only a few
contain marine fossils. An alternate postulate, here of-
fered may be more nearly correct. Much of the sediment
of the Damascus was deposited on a well-drained coastal
plain or above sea level on coalescing deltas or alluvial
fans and most probably was red at the time of deposi-
tion. When the sediment was deposited and buried
rapidly, it retained its red color; but if deposition was
followed by slow burial and if the area of deposition
was poorly drained, the sediment underwent reduction
and the color was changed to gray. The following illus-
trates the alternate postulate. In the south-central
part of the area, where the member is composed of about
75 percent red beds, sediment probably accumulate in
large part on a well-drained coastal plain, on coales:ing
deltas or on alluvial fans where reducing conditions,
possibly in swamps or lakes, prevailed only about 25
percent of the time. In the eastern part of the crea,
where the member consists of about 50 percent red beds
and farther east where it consists of about 40 percent
red beds, sediment probably accumulated about 59 to
60 percent of the time in a poorly drained environmrent,
possibly in swamps or lakes.

The marine fossils in some red and many gray beds
in the Damascus show that Barrell was not correct in
stating that the red versus gray color also indicates in
all places the dividing line between subaerial or marine
deposition. Because the red and gray colors were not
precisely related to subaerial or marine deposition, it
is necessary to rely upon sedimentary features and fos-
sils as well as color when attempting to determine the
environments of Damascus deposition.

The sedimentary features and fossils of the lower
part of the Damascus indicate deposition upon a coastal
plain in coalescing deltas, across which the sea occa-
sionally transgressed. Sedimentary features and f'ant
fossils in the upper part of the member indicate accu-
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mulation on a coastal plain dotted with swamps, lakes,
and meandering rivers.

The exact age of the Damascus Member is not known
because its fossils have not been studied, but its strati-
graphic relations with other members of the Catskill
suggest that it is of middle Late Devonian age (Cooper,
G. A.,and others, 1942, chart 4).

Correlations of the Damascus are difficult. Because
of intertonguing, the lower beds of the member are
laterally equivalent in westerly directions with the
upper beds of the Irish Valley. For the same reason,
they may be correlative with parts of the Chemung
Formation and the Trimmers Rock Sandstone farther
west in central Pennsylvania. The rest of the member
is correlative with the lower part of the Buddys Run
Member. Other correlations are uncertain, but Willard
(1939a, p. 251-252, 292) states that the Damascus is
equivalent to the Canadaway Group of Chadwick
(1935b) in Bradford and Tioga Ccunties, Pa.

HONESDALE SANDSTONE MEMBER

The Honesdale Sandstone Group was named by I. C.
White (1881, p. 66-69, 132, 140) for exposures at Hones-
dale in Wayne County. Willard (1939a, p. 288-291),
many years later, reduced the Honesdale Sandstone to
a formation in his Catskill Continental Facies. Both
Willard and White correlated the unit with beds in the
vicinity of the report area. Harry Klemic Warman, and
Taylor (oral commun., 1959), during an extensive field
reconnaissance on the Pocono Plateau, tentatively
accepted the correlation of the Honesdale into the
Lehighton quadrangle at the eastern end of the South-
ern Anthracite field (Klemic and others, 1963, p. 30).
The Honesdale is here accepted tentatively as the
Homnesdale Sandstone Member of the Catskill Forma-
tion in the southern part of the area. It includes the
strata lying between the Damascus and Cherry Ridge
Members.

The Honesdale crops out in two belts in the area. The
larger of these belts underlies the southern crest of Sec-
ond Mountain in the Tower City, Pine Grove, Swatara
Hill, and Minersville quadrangles (GQ-689, 690, 691,
698). The smaller belt occupies a part of the upper head-
waters of Powell Creek in the southern part of the
Lykens quadrangle (GQ-701).

In the larger belt the Honsedale forms the southern
crest of Second Mountain. The southern crest commonly
consists of two subcrests with an intervening swale. The
subcrests are underlain by resistant and laterally per-
sistent ledges of conglomerate and conglomeratic sand-
stone. The intervening swale is underlain by less resist-
ent conglomerate, conglomeratic sandstone, sandstone,
siltstone, and shale. The topography of the crestal area
locally is rough and steep, although regionally its alti-
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tude is remarkably even. The two resistent Jledges com-
monly form rock walls that rise as much as 50 feet above
the adjacent less resistent rocks.

In the southern part of the Lykens quadrangle the
member is considerably thinner than on Second Moun-
tain. It underlies a rough and steep terrain, but because
it is thinner than on Second Mountain and because the
dip is gentle, the relief is considerably less

The lower contact of the Honesdale on Second Moun-
tain is covered at most places. It is at the horizon below
which the red and gray sandstone, siltstone, and shale
of the Damascus predominates and above which the
basal red and gray conglomeratic sandstone and con-
glomerate of the Honesdale dominates.

The upper contact on Second Mountain is covered at
most, places, but where exposed, it is at the top of the
uppermost resistent conglomeratic sandstone and is
overlain by less resistent beds of red and gray sand-
stone, shale, and siltstone of the Cherry Ridge Member.

The Honesdale is not fully exposed anywhere in the
area. The upper part crops out at Mill CreeV Gap (fig.
24, section 1) in Second Mountain, and the upper and
lower parts are exposed in Swatara Creek Gap in Sec-
ond Mountain (fig. 24, section 2). Two other sections
of the member are partly exposed to the east of the area.
The closest of these is at West Branch Gap in Second
Mountain (fig. 24, section 3) ; the other is about 1 mile
farther east at Schuylkill River Gap (fig. 24, section 4).
An isopach map of the member (fig. 25) was constructed
from the thicknesses measured at these localities and
from thicknesses calculated at many places in the area
and the surrounding region. The Honesdale thins or
wedges out in the subsurface of the northern part of
the area. The line of zero thickness shown in figure 25
was drawn as far northward as possible in the subsur-
face to keep the rate of northward thinning to a mini-
mum. As shown, it lies just south of the Catskill outcrop
belt on Mahantango Mountain. The Honerdale thins
northward at average rates of about 60 to 100 feet per
mile in the western and central parts of the area, re-
spectively. The Acadian and Appalachiar orogenies
are believed to have shortened the Devonian rocks of
the area about 30 percent. Before deformation, the mem-
ber apparently thinned northward at average rates of
about 40 to 70 feet per mile in the same parts of the
area.

Most freshly exposed rocks of the Honesdale are pale
red ; others are grayish red and pale brown; and a few
are grayish pink, light to dark gray, brownish gray,
greenish gray, olive gray, grayish black, grayish green,
pale to dark yellowish brown, and pale to yellowish
orange. Weathered rocks are predominantl~ pale red,
but a few are grayish red, grayish pink, light to dark
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F16URE 24.—Columnar sections of the Honesdale, Cherry Ridge, and Spechty Kopf Members of the Catskill Formation.

gray, greenish gray, grayish green, olive gray, brownish
gray, pale to dark yellowish brown, and grayish black.

Many beds of the Honesdale are crossbedded with
simple and planar cross-strata 6 inches to 20 feet long.
These crossbeds and sparse ripple marks indicate that
the depositing currents flowed from the sourtheast and
east. This current pattern disagrees slightly with the

thickness pattern shown in figure 25 which seemingly
indicates that the source lay somewhat more to the south.
Bedding forms are tabular and wedge shaped in about
equal proportions. Bedding thicknesses range from
about 2 inches to 10 feet, and the average bed is about
2 feet 6 inches thick.

The rocks of the Honesdale are predominantly con-
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FIGURE 25.—Isopach map of the Honesdale Sandstone Member of the Catskill Formation (shaded where al vent).

glomerate, conglomeratic sandstone, and coarse sand-
stone. Fine-grained sandstone, siltstone, and shale con-
stitute only a small part of the member.

Conglomerate is concentrated largely in the upper
and lower parts of the member. Many conglomerate
beds are graded and contain pebbles whose maximum
diameters range from 14 to 2 inches. These clasts consist
largely of milky and gray vein quartz with lesser quan-
tities of gray and varicolored quartzite, gray and black
chert, schist, phyllite, and slate. The matrix of the
conglomerate is largely coarse to very coarse grained;
in some places, however, it is fine to medium grained.
The basal few inches of some conglomerate beds contain
numerous clay galls and shale fragments.

The sandstone in the Honesdale ranges from very
coarse grained to very fine grained with the predomi-
nant grain size being fine to medium. Much of the silt-
stone is sandy, and the shale is commonly silty.

The rocks of the Honesdale are similar mineralogi-
cally, varying only as to the amounts of specific min-
erals, grain size, and iron content. They range in
composition from rocks allied with the graywacke clan
to rocks allied with the protoquartzite clan. Most of the
coarser grained rocks are subgraywacke, and the finer
grained ones are chiefly protoquartzite. The principal
mineral grains in the three types of rock are common
quartz, vein quartz, and quartzite. Accessory minerals
are chert, leucoxene, hematite, and muscovite and frag-

ments of schist, phyllite, and slate. Most of the rocks
contain considerable quantities of sericite z nd unidenti-
fied clay minerals and small amounts of zircon and
tourmaline.

Generally, sorting in the Honesdale is poor to fair.
Grains range from angular to well rounded and average
subangular. Some quartz and chert grains are excep-
tionally well rounded and may represent detritus from
preexisting sedimentary rocks. In the coarser clastics
of the member, the margins of a large percentage of
the quartz grains are deeply sutured, probably because
of pressure solution. In the finer clastics suturing is
conspicuously absent, probably because individual
grains commonly are surrounded comyletely by a
matrix of clay, hematite, and sericitic material. The
cements are silica, hematite, sericitic material, and un-
identified clays. Many of the sandstone and conglom-
erate beds are slightly to moderately ferruginous. Al-
most all the shale and siltstone beds are highly
ferruginous, containing 5 to 15 percent hematite.

The sediments of the Honesdale are believed to have
accumulated a short distance downstream from a fall
line where steep gradient streams flowing from a high-
land area became low-gradient streams flowing upon
a flood plain. The rapid northward thinning of the
Honesdale indicates that during deposition the fall
line did not shift a great deal geographically.
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The conglomerate in the Honesdale represents the
coarse detritus eroded from a highland source known
as Acadia, to the east and southeast of the area. The
scattered conglomerates in the upper part of the
Damascus indicate that orogenic movements marking
the first major pulsation of the Acadian orogeny prob-
ably uplifted Acadia during the later part of Damascus
sedimentation. Acadia had existed as a low source area
for a considerable time before orogenic uplifting and
had contributed sediments to rocks as old as the Trim-
mers Rock Sandstone. During Honesdale sedimentation
it was so strongly uplifted that streams draining from
it could transport pebbles and cobbles. The abundance
of these clasts in the upper and lower parts of the
Honesdale suggests that the uplift consisted of two
phases or periods with an intervening period of rela-
tive quiescence. The abrupt transition from the sand-
stone, siltstone, shale, and fine conglomerate in the
underlying Damascus Member to the coarse conglom-
erates in the Honesdale indicates that development of
a mountainous terrain in Acadia was relatively rapid.
The rapid change from coarse Honesdale detritus to
fine Cherry Ridge detritus also indicates that the up-
lifted part of Acadia apparently was eroded rather
quickly. The relatively small size of the Honesdale
wedge of sediments in eastern Pennsylvania suggests,
in addition, that the size of the uplifted mountain
region probably was rather small.

The only fossils preserved in the rocks of the mem-
ber are fragments of plants that have not been studied.
The age of these rocks is believed to be middle Late or
late Late Devonian because of the stratigraphic posi-
tion of the member in the Catskill Formation and be-
cause Willard (1939a, p. 281) correlated the Honesdale
with part of the Canadaway Group of Chadwick
(1935b, p. 851). Within the area the member is cor-
relative with the middle part of the Buddys Run Mem-
ber; to the west it is correlative with the Clarks Ferry
Member of Dyson (1963).

CHERRY RIDGE MEMBER

The name Cherry Ridge Group was applied by I. C.
White (1881, p. 64-66) to a sequence of five strati-
graphic units exposed near Cherry Ridge in Wayne
County. As defined by White, the group included the
strata lying between his Honesdale Sandstone Group
and his Elk Mountain Lower Sandstone. Willard
(1936, p. 577-578) changed the name from Cherry
Ridge Group to Cherry Ridge Red Beds. Both White
and Willard correlated the Cherry Ridge from the type
locality into the vicinity of the Southern Anthracite
field. Harry Klemic and others (oral commun., 1959)
in a reconnaissance study of the Pocono Plateau sub-
stantiated the correlation, but they indicated uncer-

tainty by only tentative acceptance of the Cherry Ridge
in the Lehighton quadrangle (Klemic and others, 1963,
p. 33). It is here tentatively accepted as a member of the
Catskill Formation in the area. The Cherry Ridge
Member includes the strata between the Honesdale
Sandstone Member and Spechty Kopf Member. Where
the latter is absent, the top of the Cherry Ridge is the
unconformity at the base of the Pocono Formation.

The Cherry Ridge Member crops out in two belts
where it is poorly exposed. The larger of these belts
lies between the northern and southern crests of Second
Mountain in the southeastern part of the area (GQ-689,
690, 691, 698). The smaller belt is in the upper head-
waters of Powell Creek valley in the southern part of
the Lykens quadrangle (GQ-701).

Along Second Mountain the outerop belt of the mem-
ber is a narrow shallow topographic swale that is
largely surfaced by talus from the Honesdale and
Spechty Kopf Members and the Pocono Formation.
The swale deepens near each wind and water gap and
locally becomes a deep narrow valley that parallels the
trend of the mountain. It also deepens greatly where
the Beuchler and Blackwood faults offset the mountain.

In the southern part of the Lykens quadrangle, the
Cherry Ridge underlies a topographic swale on the
flanks and crest of the Joliet anticline between a low
ridge held up by the Honesdale and a high ridge formed
by the Spechty Kopf Member and the Pocono Forma-
tion. The topography near the ridge of Honesdale
Sandstone Member is characterized by moderate to
gentle slopes, but is steep, rough, and talus covered on
hillsides lying beneath the Spechty Kopf.

The contact between the Cherry Ridge Member and
the underlying Honesdale is covered at most places
along Second Mountain. Where exposed, it is at the
top of the uppermost resistant conglomerate or sand-
stone ledge of the Honesdale and at the base of much
less resistant beds of red and gray sandstone, siltstone,
and shale of the Cherry Ridge. In the southern part of
the Lykens quadrangle the contact is covered, but it is
believed to be where resistant red conglomerate and
sandstone beds are overlain by less resistant red beds

The Cherry Ridge Member in the Lykens quadrangle
and on Second Mountain west of the Beuchler fault is
overlain with apparent conformity by the Spechty Kopf
Member. The contact is not well exposed at any point,
but it is gradational and is arbitrarily placed where
red beds of the Cherry Ridge are succeeded by gray
and olive beds of the Spechty Kopf.

The Cherry Ridge is overlain unconformably by the
Pocono Formation in the southeastern part of the re-
port area. The unconformity is an erosion surface that
developed in Early Mississippian time during a late
phase of the Acadian disturbance (Trexler and others,
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1961). This ancient erosion surface truncates the
Spechty Kopf Member a few hundred feet west of the
Beuchler fault (GQ-691). From the point of truncation
eastward on Second Mountain, the Cherry Ridge is un-
conformably overlain by the Pocono Formation. Beds
near the unconformity are generally covered by talus
and soil mantle, and as a result the amount of angularity
is not measureable. In the 2 miles between Beuchler
fault and Swatara Creek Gap, however, the uncon-
formity cuts out about 400 feet of the Cherry Ridge
Member which indicates an angularity of about 2°.
The Cherry Ridge Member has been measured at two
localities in the area and at one locality a short distance
to the east. These localities are at Mill Creek Gap (fig.
24, section 1), Swatara Creek Gap (fig. 24, section 2),
and West Branch Gap, about 2 miles east of the area
(fig. 24, section 3). Other thicknesses have been com-
puted across the belts of outcrop at many places in and
adjacent to the area. A map showing the thickness of
the member (fig. 26) has been constructed from the
measured sections and computed thicknesses. The
Cherry Ridge is not recognized in the northern part
of the area because the Honesdale Sandstone Member
which separates the similar rocks of the Cherry Ridge
and Damascus Members wedges out. The thickness of
the Cherry Ridge in the subsurface, except near points
of measurement, may be in considerable error because of

uncertainty as to where the pre-Pocono erosion sur-
face truncated the Spechty Kopf and beran eroding
into the Cherry Ridge. If the general tlickness pat-
tern is approximately correct, the Clarry Ridge
thickens northwestward at an average rate of about 75
feet per mile in the western part of the area and at
an average rate of about 125 feet per mile in the east-
ern part. The Devonian rocks of the area were shortened
about 30 percent during the Acadian and Appalachian
orogenies; thus, the Cherry Ridge thickened north-
westward before deformation at about 50 feet per mile
in the western part of the area and about 90 feet per
mile in the eastern part.

Most rocks in the Cherry Ridge Member are grayish
red, pale yellowish brown, and pale red. The rest are
light red, light to brownish gray, light to medium dark
gray, light to olive gray, very pale to pale orange, gray-
ish orange, yellowish brown, yellowish gray, grayish
yellow gray, pale to moderate olive brown, dusky yel-
low, dusky yellowish green, and dusky yellowish brown.

The strata in the member range in thickness from
one-eighth inch to 15 feet. The average sardstone bed is
about 3 feet thick, and the average siltstcne and shale
bed is about 1 foot 6 inches thick. Most bed~ are tabular,
but some are wedge shaped. Simple and planar cross-
beds 2 inches to 15 feet long are present in many sand-
stone beds. Most shale and siltstone beds are structure-
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less but some are laminated and fissile and a few are
contorted. Some sandstone and conglomerate units are
graded ; others are reverse graded in their upper parts.

The Cherry Ridge is composed of about equal
amounts of shale, siltstone, and sandstone. A few beds
of conglomerate are scattered throughout the member.

The conglomerate in the Cherry Ridge is much less
resistant to erosion than that of the underlying and
overlying members. Some pebbles reach a maximum
diameter of 1 inch, but most are about a quarter of an
inch in diameter. They are composed mostly of milky
and gray vein quartz with some milky, gray, and vari-
colored quartzite; gray, brown, and black chert; and
varicolored schist, phyllite, and slate. The matrices are
principally medium to coarse grained, but they range
from fine to very coarse grained.

The sandstone is very fine to very coarse grained
and averages fine to medium grained. Most siltstone is
sandy, and the shale is chiefly silty.

The mineral assemblages of the rocks of the member
are similar and closely resemble those of the Honesdale,
except for a general decrease in grain size. These rocks,
regardless of grain size, are compositionally allied with
the graywacke, subgraywacke, and protoquartzite clans.
Most of the sandstone and conglomerate is subgray-
wacke, and the finer clastics are largely protoquartzite.
Common quartz, vein quartz, and quartzite are the
principal mineral grains. Other common grains are
chert, ilmenite, magnetite, leucoxene, muscovite, and
fragments of schist, phyllite, and slate. All rock types
contain considerable percentages of sericite and uni-
dentified clay minerals and small percentages of tour-
maline and zircon. Sorting in the coarser clastics is
poor to fair; rounding ranges from angular to well-
rounded and averages subangular. Many of the larger
quartz grains have been deeply sutured by pressure
solution. Most smaller quartz grains are not deeply
sutured because they are surrounded by a protective
matrix of clay, hematite, and sericitic material. Cement-
ing media in all rock types are silica, hematite, and clay.
Many of the red beds contain 5 to 15 percent hematite.

Sedimentary structures and plant fossils suggest that
the rocks of the Cherry Ridge were deposited on a
flood plain lying west and northwest of the highland
area known as Acadia. The generally fine-grained char-
acter of these rocks indicates that Acadia was low lying
during most, if not all, of their deposition, but the scat-
tered conglomerate beds may indicate either slight re-
juvenations of Acadia or climatic changes.

The mineral assemblages of the nonred and red beds
of the Cherry Ridge are similar, except for variations
in ferric versus ferrous iron content and differing per-
centages of clay matrix. Most of the nonred beds are

coarser grained and contain less interstitial clay then do
the red beds. The slightly coarser grain size and the
smaller quantity of clay matrix in the nonred beds
probably allowed a greater circulation of fluids than
was possible in the finer textured and clayier red beds.
Thus, the color of the nonred beds may have developed
during diagenesis and consolidation because of the cir-
culation of oxygen-poor water which reduced the ferric
iron to ferrous iron. If such circulation occurred, re-
ducing conditions prevailed in the coarser grained rocks
and nonreducing conditions in the finer grained ones.

The only fossils of the Cherry Ridge are fragmentary
fossil plants that have not been studied at present.
Within the area the member seems to be late Late De-
vonian in age, as determined from stratigraphic position
and from a correlation by Willard (1939a, p. 287), who
stated that this unit correlates with the Conewango of
western Potter and McKean Counties.

The Cherry Ridge Member of the southern part of
the area is correlative with the upper part of the Bud-
dys Run Member of the northern part.

BUDDYS RUN MEMBER

The Buddys Run Member of the Catskill Formation
was named by Arndt, Wood, and Trexler (1962, p. C35)
for a small creek in the southern part of Shamokin
quadrangle, Northumberland County. It includec the
strata lying between the Irish Valley and Spechty I"opf
Members.

The Buddys Run crops out on the flanks anc the
crest of the Broad Mountain anticlinorium in the Kling-
erstown, Valley View, and Tremont quadrangles (GQ-
692, 699, 700). The lower part of the member commonly
underlies a subdued rolling upland that has 100 to 250
feet of relief. The upland is characterized by a trellis
drainage pattern consisting of valleys that are ernded
parallel and perpendicular to the strike of the outcrop
belt. The upper part underlies gentle to steep, little dis-
sected slopes that rise above the rolling upland to near
the crests of Line and Mahantango Mountains.

The contact of the Buddys Run with the underling
Irish Valley Member is in the upper part of an inter-
tonguing sequence of red beds and gray and olive beds.
It is at the base of the main red-bed sequence of the
Catskill Formation and above gray and olive beds of
the Irish Valley that replace the red beds downward.
The scale of intertonguing is so great that it can be
shown on 1: 24,000 maps.

The upper contact of the Buddys Run with the Spe-
chty Kopf Member is nowhere well exposed but i+ be-
lieved to be comformable. Where observed, it is grad-
ational and is placed where gray and olive beds of the
Spechty Kopf predominate over underlying red beds
of the Buddys Run.
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The member is not completely exposed at any place in
the arca. Thickness variations, therefore, must be de-
termined entirely from computations based upon struc-
tural attitudes and the width of the outcrop. Figure 27,
an isopath map of the member, was constructed from
many thicknesses computed in and adjacent to the area.
The Buddys Run is not recognized south of a north-
castward-trending line that is the approximate north-
west 1imit of the Honesdale Sandstone Member. South
of this line, strata correlative with the Buddys Run are
divided into the Damascus, Honesdale Sandstone, and
Cherry Ridge Members.

The Buddys Run ranges in thickness from 4,200+ to
4,800 feet. The member is thickest in the western part
of the Lykens and Klingerstown quadrangles and thins
northeastward at an average rate of about 40 feet per
mile. Deformation shortened the Devonian rocks of the
northern part of the arca about 15 percent. Before de-
formation the member thinned northeastward at an
average rate of about 34 feet per mile.

Fresh and weathered rocks of the member are pre-
dominantly grayish red, pale red, and pale brown,
many being grayish pink, light olive to olive gray,
dusky yellow, and pale yellowish brown. A few are
light to dark brownish gray, dark yellowish brown,
greenish gray to dark greenish gray, light to medium
gray, grecnish yellow, moderate yellow, pale orange, and
dusky yellowish brown.

GEOLOGY, SOUTHERN ANTHRACITE FIELD, PENNSYLVANIA

The beds are 14 inch to 15 fect thick and average
about 3 feet. Most strata arc tabular bedded; wedge-
shapped beds, however, are relatively common. Simple
and planar crossbeds 2 inches to 5 feet long are com-
mon in the upper part of the member but are rare in the
lower. Many shale and siltstone units are internally
contorted, some because of structural adjustments and
others because of slumping during deposition.

Plant fragments, raindrop impressions, and mud
cracks are preserved in many of the finer griined rocks,
as are ripple marks, most of whose crests s*rike north-
castward.

Sandstone is present throughout the Buddys Run. It
ranges from very fine grained to very coarse grained,
but is chiefly fine to medium grained. Thin conglomerate
and conglomeratic sandstone beds are present locally
in the middle and upper parts of the member. The sand-
stone and conglomerate is largely subgraywacke, but
protoquartzite and graywacke are relatively common.
The mineral constituents of these three rock types differ
only in the comparative percentage of quartz to other
constituents. They consist of vein and common quartz,
muscovite, chlorite, biotite, tourmaline, zircon, ilmenite,
leucoxcne, plagioclase, orthoclase, sericite, unidentified
clay minerals, and rock fragments of quartzite, chert,
shale, slate, schist, and phyllite. Pebbles in the con-
glomerate are composed largely of white ard gray vein
quartz, quartzite, schist, phyllite, and slate.
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The matrices and cement of the nonred sandstone and
conglomerate consist largely of silica, unidentified clay
minerals, and sericite, whereas in the red sandstone they
are composed of these minerals and hematite and
limonite. Sorting ranges from fair to good in proto-
quartzite but is chiefly poor to fair in subgraywacke and
graywacke. Although most quartz grains are subangular
to subround, angular grains are commeon.

The siltstone and shale of the Buddys Run is com-
positionally similar to the sandstone and conglomerate,
differing only by increased percentages of clay and mica
minerals.

Most of the lower 1,000 to 2,000 feet of the Buddys
Run accumulated in subaerial environments but several
thin marine tongues record transgressions of the sea. The.
rest of the member was deposited on flood plains.

The depositional environments of the Damascus,
Honesdale, and Cherry Ridge Members, which are cor-
relative with the Buddys Run Member, have already
been discussed extensively in this report. Sediments of
the Buddys Run are believed to have accumulated under
conditions similar to those described and postulated for
these members.

The fossils of the Buddys Run have not been studied,
but the stratigraphic position of the member indicates
that it is probably middle Late and late Late Devonian
in age. The basal beds of the member tongue into the
upper beds of the Irish Valley in the area and the mem-
ber as a whole is correlative with the Damascus, Hones-
dale, and Cherry Ridge Members of the southern part

of the area.
SPECHTY KOPF MEMBER

The Upper Devonian and Lower Mississippian
Spechty Kopf Member of the Catskill Formation was
named by Trexler, Wood, and Arndt (1962, p. C36-37)
for a hill in the Lykens 7l4-minute quadrangle of
Dauphin County (GQ-701). It includes the strata lying
between the Cherry Ridge or Buddys Run Member and
the Pocono Formation.

The Spechty Kopf crops out on the slopes and crests
of Line and Mahantango Mountains in the Klingers-
town, Valley View, and Tremont quadrangles (GQ-
692, 699, 700) on Broad and Peters Mountains in the
southern part of the Lykens quadrangle (GQ-701) and
west of the Beuchler fault on Second Mountain in the
Pine Grove and Tower City quadrangles (GQ-691,
698). The upper part of the member also is exposed in
the canyon of Rattling Creek in the central part of the
Lykens quadrangle (GQ-701).

The member underlies a gentle to steep terrain on
Broad and Peters Mountains. Elsewhere, it underlies
rough, steep, and talus-littered slopes.

The lower contact of the Spechty Kopf with the

underlying Buddys Run or Cherry Ridge Member is
not well exposed in the area but is believed to be con-
formable. Where exposed, it is gradational and is ar-
bitrarily placed where gray and olive beds of the
Spechty Kopf predominate over red beds of the.two
lower members.

The contact between the Spechty Kopf and the over-
lying Pocono Formation is an angular unconformity
(Trexler and others, 1961). The greatest observed
angularity between these units is about 75° in Rattling
Creek canyon south of Lykens (GQ-701). In localities
where angular relations are not well developed, or wl ere
red beds of the Spechty Kopf are absent or covered,

geologists have commonly assigned all or part of the

member to the Pocono.

The Spechty Kopf is poorly exposed at most localities
in the area; therefore, data concerning its thickness and
lithology have been obtained from isolated outerops and
by computing thicknesses at many places across the belts
of outcrop. It is moderately well exposed in the area at
Mill Creek Gap (fig. 24, section 1) in Second Mountain
and east of the area at West Branch Gap (fig. 24, sec-
tion 3).

Figure 28 is an isopach map of the Spechty Kopf in
the area as compiled from the measurements at ITill
Creek and West Branch Gaps and from many com-
puted thicknesses. The member is absent in the south-
eastern part of the area, may have been absent before
modern erosion on the crest of Broad Mountain in the
northwestern part, and reaches a thickness of about 2.400
feet in the southwestern part.

Rocks in the lower part of the Spechty Kopf are prin-
cipally yellowish gray, brownish gray, and olive g-ay.
In contrast, rocks in the upper part are chiefly grayish
red and medium light gray to light olive gray. A few
are light red, moderate red, pale yellowish brown, and
pale brown throughout the member.

Most of the gray and olive rocks of the Spechty Kopf
are wedge bedded and cross stratified, and the red beds
are chiefly tabular bedded. Beds are % inch to 15 feet
thick; the gray and olive beds average about 3 feet
thick and the red beds, slightly less than 2 feet. Simple
and planar crossbeds as much as 5 feet long are common.

The Spechty Kopf is composed of sandstone, silt-
stone, shale, conglomerate, and coal in decreasing order
of abundance. Sandstone and conglomerate predomi-
nate in the lower part of the member and siltstone and
sandstone in the upper part.

The conglomerate is composed largely of gray, milky,
and light-olive-gray vein quartz pebbles and cobbles
that commonly are eratically distributed in an clive
matrix. The gray and olive sandstone and the matrix
of the conglomerate are mainly medium to corse
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F16URE 28.—Isopach map of the Spechty Kopf Member of the Catskill Formation (shaded where absent).

grained, some being very fine to very coarse grained.
Although most of the red sandstone is fine to medium
grained, much is very fine grained.

Regardless of their grain size and regardless of
whether they are gray and olive or red, the rocks of
the Spechty Kopf, in decreasing order of abundance,
are subgraywacke, protoquartzite, and graywacke. The
principal mineral constituents of all rock types are
grains of vein and common quartz with subordinate
amounts of biotite, muscovite, sericite, chlorite, unidenti-
fied clay minerals, plagioclase, orthoclase, leucoxene,
ilmenite, zircon, and tourmaline, and rock fragments of
quartzite, schist, phyllite, chert, slate, and shale. The
grains are subangular to subround in the protoquartzite
and angular to subangular in the subgraywacke and
graywacke. Sorting is poor to fair in the protoquartz-
ite and poor in the subgraywacke and graywacke.
Cementing materials in the gray and olive rocks are
silica, unidentified clay minerals, and sericite ; but in the
red beds they are chiefly limonite, hematite, and clay.

The sediments of the Spechty Kopf were eroded from
an ancient highland that lay southeast and east of the
area. These sediments are the sedimentary record of
the second uplifting of Acadia during the Acadian
orogeny.

The coarse sandstone and conglomerate in the basal
and upper parts of the Spechty Kopf suggest that these
parts of the member were deposited a short distance

downstream from piedmonts of Acadia. In contrast, the
finer grained sandstone, siltstone, and shale in the mid-
dle part of the member suggest that the source either
was lower or farther away during their deposition.

At the end of Spechty Kopf deposition the effects of
the third episode of the Acadian orogeny were felt far-
ther to the northwest and deformed the rocks of the
area. Subsequently, the rocks of the membe+ were com-
pletely removed by erosion in some places, end then the
area was covered by the basal sediments of the Beckville
Member of the Pocono Formation. (

The rocks of the Spechty Kopf are believed to have
accumulated on a flood plain in environments similar
to those described for the upper parts of the Damascus
and Buddys Run Members and for the Honesdale Sand-
stone Member and Cherry Ridge Member.

The Spechty Kopf Member is of Late Davonian and
Early Mississippian age. This assignment is based in
part on plant fossils and in part on stratigraphic posi-
tion. The assemblage of plant fossils from a coal bed
on Line Mountain and from another on Berry Mountain
contain Adiantites spp. (S. H. Mamay, oral commun.,
1960), which is indicative of an Early Mississippian
age (Read, 1955, p. 8). The stratigraphic po-ition of the
Spechty Kopf between the Lower Mississippian Pocono
Formation and the Upper Devonian Cherwy Ridge or
Buddys Run Member of the Catskill Formation sub-
stantiates the age determined from the fossil plants.
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Correlation of the Spechty Kopf with other strati-
graphic units in Pennsylvania is difficult because Upper
Devonian and Lower Mississippian rocks are rather
unfossiliferous, because the pre-Pocono unconformity
has not, as yet, been completely delineated, and because
rocks of this age have not been studied adequately in
most areas. The member may be partly or wholly cor-
relative with the Elk Mountain Sandstone and Mount
Pleasant Red Shale of Willard (1939a, p. 282-283) of
eastern and northern Pennsylvania, with the marine
Oswayo Formation of north-central Pennsylvania, and
with the Pocono-Catskill Transition Group of I. C.
White (1883, p. 49-52) of northeastern Pennsylvania.
The lower part of the Pocono Formation in central and
eastern Pennsylvania, as recognized in many published
reports, may contain rocks that would be assigned to
the Spechty Kopf by the authors.

THICKNESS OF THE CATSKILL FORMATION

The Catskill Formation ranges in thickness from
5,100 feet in the southeastern part of the area to 9,400+
feet in the southwestern part (fig. 29) ; the latter thick-
ness 1is the greatest recorded for Catskill rocks in
Pennsylvania.

The effects of the Acadian orogeny and pre-Pocono
erosion on the thickness of the Catskill are determinable
by comparing figure 30, a map showing the thickness of
the pre-Spechty Kopf rocks of the Catskill, with figures
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28 and 29. During the orogeny, the rocks of the arna
were folded into several northeastward-trending anti-
clines and synclines that were subsequently beveled by
the pre-Pocono erosion surface. The geographic posi-
tions of these ancient folds are approximately deline-
ated in figure 28 by the northeastward-trending thin
to thick belts of the Spechty Kopf Member. A compari-
son of figures 28 and 29 also indicates that these folds
are partly recorded by thickness variations of the entire
Catskill Formation.

PRE-POCONO UNCONFORMITY

For many years, geologists have speculated whether
the Acadian orogeny extended into eastern Pennsyl-
vania. Since the latter part of the 19th century there
has been little detailed geologic mapping that could be
used to solve this problem. C. D. White (1934) and
Willard (1936, p. 599-600) believed that a disconform-
ity separated the Pocono and Catskill Formations. 1t
may be deduced from the outcrop patterns on Willard’s
geologic map (fig. 72) and from the text of his repcrt
that the region northeast of the report area was tilted
down to the northwest and then eroded before the depo-
sition of the Pocono Formation. In 1961, Trexler, Wocd,
and Arndt described the unconformity in the area and
the surrounding region.

The unconformity between the Spechty Kopf Mem-
ber of the Catskill and the Pocono Formation is best
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F1GuRE 30.—Isopach map of members of the Catskill Formation older than the Spechty Kopf Member.

preserved on Broad and Peters Mountains in the south-
ern part of the Lykens quadrangle (GQ-~701). There,
the upper 2,000 to 2,300 feet of the member is truncated
by an erosion surface. Beds of the Spechty Kopf dip 10°
to 30° more steeply northward on the north limb of the
Joliet anticline than do overlying beds of the Pocono,
and they dip as much as 25° less steeply southeastward
on the south limb. These angular relations indicate that
the Spechty Kopf locally was folded or tilted about 30°
northward and northwestward and, subsequently,
eroded before accumulation of the Pocono.

The angularity between bedding planes of the
Spechty Kopf and the Pocono is as great as 75° in
Rattling Creek canyon about 1 mile south of Lykens
(GQ-701). Structural attitudes of Spechty Kopf rocks
on Berry, Broad, and Peters Mountains indicate that
the rocks were folded into a broad open syncline during
the Acadian orogeny. Subsequently, during the Appa-
lachian orogeny, the broad open syncline was further
folded and became the Joliet anticline, the Rattling
Creek syncline, and the Berry Mountain anticline
(Trexler and others, 1961, fig. 38.2).

Detailed mapping on Line and Mahantango Moun-
tams in the Klingerstown, Valley View, and Tremont
quadrangles (GQ-692, 699, 700) has shown that the
Sprechty Kopf Member varies greatly in thickness in
very short distances and that it is separated from the

Pocono by an erosion surface. The Spechty Kopf may
have been completely removed by erosion between these
mountains near the axis of the present Broad Mountain
anticlinorium (fig. 28).

Pre-Pocono erosion also removed the Spechty Kopf
Member from Second Mountain between a point a few
hundred feet west of the Beuchler fault in the Pine
Grove quadrangle and the east border of the Swatara
Hill quadrangle (GQ-689, 691). In the area, where the
Spechty Kopf is removed, the Pocono rests unconform-
ably upon beds of the Cherry Ridge Member of the
Catskill Formation at a divergent angle of about 2°,

MISSISSIPPIAN SYSTEM

Mississippian rocks range in thickness from about
5,000 feet on the Broad Mountain anticlinorium to
about 8,500 feet in the Minersville synclinorium.

Much of the Spechty Kopf Member of the Catskill
Formation is of Early Mississippian age. This member
is described in the chapter on Devonian and Mississip-
pian rocks. It is overlain unconformably by the Pocono
Formation, which is divided, in ascendirg order, into
the Beckville and Mount Carbon Memberz. The Mauch
Chunk Formation of Late Mississippian and Early
Pennsylvanian age rests conformably on the Mount
Carbon Member and is divided into three informal
members.
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POCONO FORMATION

In 1876, Lesley (p. 221-227), in his description of the
Boyd’s Hill well at Pittsburgh, introduced the name
Pocono Sandstone for the sequence of gray sandstone
and conglomerate that lies between the red beds of the
Mauch Chunk and Catskill Formations. The succeeding
year, Franklin Platt and W. G. Platt (1877, p. XXVTI),
in describing the new formations proposed by Lesley,
stated that the gray sandstone and conglomerate be-
tween the Mauch Chunk and Catskill on the Pocono
Plateau “should be called the Pocono Formation, for it
forms the mass of the great mountain plateau between
the Delaware and Lehigh Rivers.”

A few years later I. C. White (1882) proved that
most of the Pocono Plateau was surfaced by the Cats-
kill Formation. He (1883, p. 49) recommended that his
Mount Pleasant Conglomerate and 300 to 500 feet of
overlying red rock be reassigned to his Pocono-Catskill
Transition Group. Lesley (in Lesley and others, 1892-
95, p. XV) in his redefinition of the Pocono, ignored
White's recommendation by stating : “Therefore, to find
any Pocono on the Pocono Plateaun, one must go a num-
ber of miles to the north of the front edge of the plateau,
where ridges of the lowest Pocono rock, the Mount
Pleasant Conglomerate, remain uneroded.” Willard
(1936, p. 597-598) accepted White's recommendation by
removing White’'s Mount Pleasant Conglomerate and
the overlying red beds from the Pocono and assigning
them to the Catskill Formation. He, however, accepted
Lesley’s definition of a type area.

The Pocono is classified as a formation by the U.S.
Geological Survey. It includes the rocks between the
underlying Catskill Formation and the overlying
Mauch Chunk Formation as defined by White and Wil-
lard. The base of the formation in the area is the pre-
Pocono unconformity, and the top is the lowest red bed
of the Mauch Chunk. The formation, in ascending
order, consists of the Beckville and Mount Carbon
Members in the report area.

The Pocono is the principal ridge former of the area,
underlying from north to south: Line, Mahantango,
Berry, Broad, Peters, and Second Mountains. It gen-
erally crops out on narrow and precipitous ridge crests,
except on Broad Mountain, in the area where Line and
Mahantango Mountains join, and in the area where
Peters and Broad Mountains join. Dip slopes of the
formation on these mountains are eroded either into
subdued and poorly exposed cuestas and hogbacks or
are covered by large talus fields.

BECKVILLE MEMBER

The Beckville Member was established by Trexler,
Wood, and Arndt in 1962 (p. C38). It was named for
a village a short distance south of the type section at
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West Branch Gap in Second Mountain. This gay is
several miles east of the report area.

The member is poorly to moderately well exposed at
Mill Creek and Swatara Creek Gaps in Second Moun-
tain (GQ-691), is moderately well exposed at Rattling
Creek Gap in Berry Mountain (GQ-701), and is largely
covered at Pine Creek Gap in Mahantango Mountain
(GQ-700). It underlies Second, Peters, Broad, Berry,
Mahantango, and Line Mountains (GQ-689, 690, €91,
692, 698, 699, 700, 701). The Beckville commonly crops
out on the crests of ridges. The slopes beneath these
crests are generally rough and steep and are character-
ized by a series of subdued cliffs, cuestas, and hog-
backs. In those localities where the crests are underlain
by either the Spechty Kopf or Mount Carbon Memtor,
the outcrop belt of the Beckville is largely covered by
talus from those members.

The Beckville unconformably overlies the Spechty
Kopf and Cherry Ridge Members of the Catskill For-
mation. The unconformity is beneath a widespread
basal conglomerate. East of the Beuchler fault on Sac-
ond Mountain, the Beckville overlies the Cherry Ridge,
but elsewhere it rests on the Spechty Kopf. At most
localities the basal conglomerate rests on red beds, but
at a few places it overlies gray and olive conglomerate
and sandstone. The position of the unconformity in
these latter places can only be established with certainty
by careful lateral tracing, and in a few localities, by
angular discordance between underlying and overlying
beds.

The upper contact of the Beckville is placed at the
bottom of the basal conglomerate of the Mount Carbon
Member. At most places in the area the upper part of
the Beckville is sandstone, shale, siltstone, and ccal;
therefore, the contact between the finer grained clastics
of the Beckville and the basal conglomerate of the
Mount Carbon generally is easy to locate. Near the
northwest corner of the area, however, the basal con-
glomerate grades westward into very coarse sandstcme,
and the position of the contact becomes hard to deter-
mine. For this reason, it is not advocated that the Pocono
be divided into members to the north and west of the
area.

Sections of the Beckville were measured at Mill Cr-ek
Gap (fig. 31, section 1) ; Swatara Creek Gap (fig. 31,
section 2) ; West Branch Gap (fig. 31, section 3), which
lies several miles east of the area; and Schuykill Gap
(fig. 31, section 4), which is a short distance farther
east.

Figure 32 is an isopach map of the Beckville Mem-
ber. It was compiled from thicknesses at these sections
and from thicknesses calculated across the outcrop belts
in and adjacent to the area. The member is thickest on
Broad and Peters Mountains and is thinnest in the s1b-
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FicURE 31.—Columnar sections of the Pocono Formation.

surface of the central and northern parts. The thickness
trends of the member approximate those of the under-
lying Spechty Kopf Member (fig. 29), which suggests
that the Acadian orogeny lasted into Beckville time.
Freshly exposed rocks of the member are mainly very
light to medium gray, some being pale to olive gray,
dark gray, greenish gray, brownish gray, yellowish gray,
pale red, pale to dark yellowish orange, and grayish
pink. Weathered rocks are commonly similar in color,
but a few are moderate reddish orange, dark greenish
gray, light brownish gray, olive black, and light brown.
The Beckville is composed of conglomerate, sandstone,
siltstone, shale, and coal. Conglomerate is largely con-

centrated in lower part, and sandstone predominates
in the upper part.

The conglomerate is in beds 1 foot to 25 feet thick, but
most beds average about 4 feet. The average bedding unit
is cross stratified and wedge shaped ; the res* are tabular
and lenticular. Simple and planar cross-etrata range
from small to aslong as 20 feet.

The basal conglomerate is persistent throughout the
area, is more extensive than any other conglomerate, and
may be correlative with the Griswold Gap Conglomerate
of I. C.White (1881, p. 56-57) of northeastern Pennsyl-
vania. Pebbles and cobbles in this and other conglom-
erates range in diameter from 14 inch to 4 inches. Those
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FI1GURE 32.—Isopach map of the Beckville Member of the Pocono Formation.

of vein quartz and quartzite are commonly equidimen-
sional to ovoid, are less commonly elongate, and are
chiefly rounded to well rounded. The few clasts of other
rock types generally are elongate and flattened. The
long axis of most of the elongate and ovoid clasts are
oriented parallel to bedding.

The sandstone beds of the Beckville range in thick-
ness from 1 foot to about 10 feet and average about 3
feet. Most are tabular and cross stratified; the rest are
wedge shaped and parallel stratified. Abundant simple
and planar cross-strata are mostly less than 5 feet long,
but some are as long as 25 feet.

The siltstone is mainly in beds about 3 feet thick, but
Vs-inch to 10-foot beds are common. The thicker beds
are concentrated largely in the lower part of the member
where thin beds of fine-grained sandstone and shale are
intercalated at many places. Much of the siltstone con-
tains scattered fine to medium grains of well-rounded
quartz.

Most shale beds are 1 to 2 feet thick, but some are as
thick as 8 feet. Thin units of fine-grained sandstone and
siltstone are interbedded at many localities. Some shale
is sandy, some contains abundant plant remains, and
some contains thin lenses of coal. Elongate plant remains
are generally oriented parallel to the strike of nearby
crossbedding and ripple marks.

(‘fompositionally, the rocks of the Beckville are allied

with the orthoquartzite, protoquartzite, and subgray-

wacke clans. Regardless of differences in grain size, the
mineral assemblages of these rocks are similar and vary
only in the proportion of quartz to rock fragments, mica
minerals, and unidentified clay minerals.

The pebbles and cobbles in the conglomerate consist
of milky, white, light-gray, and medium-gray vein
quartz; light- to dark-gray, brownish-gray, pale-r~d-
purple, and medium-bluish-gray quartzite; and dark
varihued sandstone, siltstone, schist, gneiss, slate, snd
chert. Most of these clasts are well lithified and rounded
to varying degree. Poorly lithified angular shale chips
and clay galls are present in the basal parts of meny
conglomerate and sandstone beds.

The siltstone, sandstone, and the matrices of the con-
glomerate consist of detrital grains of vein and common
quartz; fragments of quartzite, sandstone, schist, slate,
phyllite, and chert; varying amounts of chlorite, bio-
tite, muscovite, and sericite ; and small amounts of l=u-
coxene, ilmenite, magnetite, rutile, sphene, tourmaline,
and zircon; sparse grains of andesine partly altered to
clay and sericite; and films of hematite and limonite.
The matrices of much of the protoquartzite and s b-
graywacke are composed largely of crushed rock fr-g-
ments, bent mica plates, quartz fragments, sericite, end
unidentified clay minerals. Cementing media are silica,
clay, sericite, and a binder of silt-sized rock and quartz
fragments.
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The borders of many quartz and quartzite grains have
been sutured by pressure solution, and a few exhibit
secondary overgrowths. Much of the quartzite consists
of large angular to rounded fragments of metamor-
phosed sandstone; the rest consists largely of small ir-
regular elongate fragments of metamorphosed siltstone.
Most chert grains are well rounded. Many fragments of
quartzite schist, slate, and phyllite are elongate, but
others seem to have been crushed and to have flowed
into the interstitial pore space.

Sorting is moderate to good in the orthoquartzite of
the Beckville, poor to moderate in the protoquartzite,
and chiefly poor in the subgraywacke. Although me-
dium-grained sandstone predominates over other sand-
stone, very fine grained, fine- and coarse-grained, and
very coarse grained sandstone is common. Most grains
in the sandstone and in the matrices of the conglomerate
are subangular to subround, but angular and rounded
grains are rather common.

MOUNT CARBON MEMBER

Trexler, Wood, and Arndt (1962, p. C39) named the
Mount Carbon Member of the Pocono Formation for a
village that lies about 2.5 miles east of the area.

The member generally crops out in dip slopes on Sec-
ond, Peters, Broad, Berry, Mahantango, and Line
Mountains, but locally, it underlies the crests (GQ-
689, 690, 691, 692, 698, 699, 700, 701). On Second, Mahan-
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tango, and Line Mountains it is largely covered by talus
fields. Localities underlain by the Mount Carbon are
either steep, rough, and talus-covered featureless slopes
or poorly formed, imperfectly exposed, and partly talus-
covered hogbacks and cuestas.

The lower contact of the Mount Carbon i« at the base
of a conglomerate that rests conformably upon finer
grained beds of the Beckville Member. On Line Moun-
tain near the west border of the area (GQ-701), the
conglomerate grades westward into a very coarse
grained sandstone. West and north of that border, the
Beckville and Mount Carbon Members merge, and the
Pocono is undivided.

The upper contact of the Mount Carbon Member is
at the base of the lowest red sandstone, siltstone, or
shale of the overlying Mauch Chunk Formation. The
rocks in the uppermost part of the Mount Carbon are
chiefly gray sandstone, but locally, are gray shale or
siltstone. A sharp topographic break has been etched
out at most places along the contact because of the
difference in erosional resistance between the competent
rocks of the Mount Carbon and the less resistant rocks
of the Mauch Chunk.

Sections of the Mount Carbon were measured at Mill
Creek Gap (fig. 31, section 1) and Swatars. Creek Gap
(fig. 31, section 2) in the Pine Grove quadrangle (GQ-
691). Two other sections were measured east of the
area at West Branch Gap (fig. 31, section 3) and Schuyl-
kill Gap (fig. 31, section 4).
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The thickness of the member is illustrated in figure
33. It is thickest in the southwestern part of the area,
where it exceeds 1,000 feet, and is thinnest in the north-
western part, where it is slightly less than 400 feet thick.
The thickness trends of the Mount Carbon approximate
those of the underlying Beckville Member (fig. 32), the
Spechty Kopf Member of the Catskill Formation (fig.
28), and the Catskill Formation (fig. 29), which sug-
gests that folding as a result of the Acadian orogeny
was still affecting the area slightly.

Fresh rocks of the member are chiefly light to dark
gray, light to olive gray, and light to dark greenish
gray; a few are light bluish gray, light to brownish
gray, pale to moderate yellowish brown, very pale to
grayish orange, grayish pink, grayish orange pink,
grayish olive, dusky yellow, greenish black, and black.
Weathered rocks are principally light to dark gray and
light to olive gray. Other weathered rocks are the same
color as the fresh rock, and are also dark yellowish
brown, moderate olive brown, brownish black, olive
black, yellowish gray, and moderate yellow green.

Individual beds are 2 inches to 40 feet thick and aver-
age about 3 feet. Wedge-shaped and lenticular beds are
common, but most are tabular. Many sandstone and
conglomerate beds exhibit simple and planar cross-strat-
ification of 2 inches to 25 feet.

The member consists, in decreasing order of abun-
dance, of sandstone, conglomeratic sandstone, conglom-
erate, siltstone, shale, and coal.

The conglomerate is composed of pebbles and cobbles
of milky, white, and gray vein quartz and varicolored
quartzite, schist, slate, shale, and sandstone. These clasts
are set in a matrix of very fine to very coarse sand. Most
vein quartz and quartzite clasts are equidimensional to
ovoid and rounded to well rounded ; and those composed
of other rock types are chiefly elongate.

Much of the siltstone and shale is arenaceous and
contains thin intercalated beds of very fine grained and
fine-grained sandstone. Abundant plant fossils and thin
lenses of coal are common in some shale beds.

Regardless of grain size, the rocks of the Mount
Carbon Member are compositionally allied to the ortho-
quartzite, protoquartzite, and subgraywacke clans. The
mineral assemblages of these rock types are similar and
differ only as to the percentage of specific minerals. The
principal constituents are grains of vein and common
quartz and fragments of quartzite. Accessory constitu-
ents are fragments of schist, slate, phyllite, and chert;
plates of chlorite, biotite, muscovite, and sericite : grains
of leucoxene, -ilmenite, magnetite, sphene, tourmaline,
and zircon; traces of altered and unaltered andesine;
and films of hematite and limonite. Even though the
margins of most grains of quartz and quartzite have
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been deeply sutured by pressure solution, many seem to
have been rounded to well rounded before suturing. All
rock fragments except chert and quartzite are character-
istically elongate and range from angular to well
rounded. Most chert grains are rounded. Many schist,
shale, and phyllite fragments seem to have been crushed
and to have flowed into interstitial pore space. The mat-
rices of much of the subgraywacke and protoquartzite
are composed of these crushed fragments, bent biotite
and muscovite plates, small fragments of quartz, sevi-
cite, and unidentified clay minerals. Cementing min-
erals in these rocks are silica, clay, sericite, crushed
rock fragments, and silt-sized quartz grains. The prin-
cipal cement in the orthoquartz'te is silica.

Sorting in the subgraywacke is poor to fair, in the
protoquartzite it is poor to moderate, and in the ortho-
quartzite it is moderate to good. Most of the sandstone
is medium grained, but very fine grained, fine-grain-d,
coarse-grained, and very coarse grained sandstone is
common.

THICKNESS OF THE POCONO FORMATION

Figure 34 is an isopach map of the Pocono Forr-a-
tion constructed from thickness data in and adjacent to
the report area. The formation is thinnest in the north-
western part, where it is probably less than 700 feet, and
is thickest in the southwestern part, where it exceeds
1,700 feet. The area of greatest thickness coincides partly
with the area of greatest thickness of the Spechty Kopf
Member and the Catskill Formation. This approximate
superposition suggests that the Acadian disturbance
continued during deposition of the Pocono.

DEPOSITION OF THE POCONO FORMATION

Pocono rocks seem to have accumulated principally
as flood-plain deposits, to a lesser extent as swamp de-
posits, and perhaps locally, as lacustrine deposits. Thoy
were deposited in an asymmetric northeastward-trend-
ing basin whose axis lay close to its southeastern marzin
and the source area. The sediment that formed these
rocks was eroded froin a mountainous region southeast
of the report area that was uplifted during the final
phase of the Late Devonian and Early Mississippian
Acadian orogeny.

Sedimentation began when coarse clastics eroded from
the mountainous region were distributed by streams as
broad sheets upon the pre-Pocono erosion surface. As
fluvial deposition continued, the mountain area was up-
lifted sltightly from time to time. Near the middle of
Pocono deposition the source was strongly rejuvenated,
and the basal conglomerate of the Mount Carbon Mem-
ber was deposited. During the remainder of Pocono
time, the source area was eroded so that by the begin-
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F1GURE 34.—Isopach map of the Pocono Formation.

ning of Mauch Chunk sedimentation it no longer con-
tributed coarse detritus.

Thin lenticular coal beds, formed from the plant re-
mains preserved in local swamps, are present at places.
Because these coal beds are thin and lenticular, it seems
likely that they were deposited in small shallow swamps.
The coal beds and the gray color of the rocks of the
Pocono indicate that reducing conditions prevailed dur-
ing accumulation, which contrasts strongly with the
general oxidizing conditions of Catskill and Mauch
Chunk times.

Near Taylorsville, in the Minersville quadrangle
(GQ-690), and in the northwestern part of the Kling-
erstown quadrangle (GQ-700), the pebbles in the rocks
of the Pocono reach a maximum diameter of 2 inches
and 134 inches, respectively. The maximum diameter
icreases gradually southeastward to 8 inches on Sec-
ond Mountain (GQ-689, 690, 691, 698).

Pelletier (1958, fig. 16) used the southeastward in-
crease in the maximum size of clasts in the Pocono at
any particular locality as the principal evidence for con-
cluding that the fall line of the Pocono basin of deposi-
tion lay about 25 miles northwest of Atlantic City, N.J.
The method used to determine the location of the fall
line was to plot a location graph transverse to the ob-
served increase in maximum pebble and cobble diam-
eter. He removed the effects of deformation by using

values for crustal shortening that were calculated by
Cloos (1940, p. 847). According to Pelletier (1958, p.
1056), 6-inch cobbles were probably the naximum size
transported at those points where Pocono streams
crossed the fall line into the basin of deposition.

Structural analyses made by the authors indicate that
the amount of crustal shortening of Lower Mississip-
pian rocks in the report area was about 25 percent, or
13 percent greater than the average calculated by Cloos.
Recent structural studies in the Reading Prong and the
Great Valley (A. A. Drake, Jr., oral commun., 1962)
indicate that crustal shortening there was more than 50
percent, a minimum of 10 percent greater than the value
calculated by Cloos.

Cobbles as much as 8 inches in diameter are rather
common in the upper member of the Maucl: Chunk For-
mation on Sharp Mountain, and cobbles of similar s'ze
are present in the Pottsville Formation in the southern
part of the Southern Anthracite field. These 8-inch cob-
bles certainly did not accumulate above a fell line. Their
occurrence in the Late Mississippian and Pennsylvanian
basin of deposition argues strongly against using 6-inch
cobbles to demarcate the Pocono fall line. "Vherever ob-
served by the authors, the present-day fall line of the
Atlantic Coastal Plain is marked by boulders that
greatly exceed the 6-inch limitation imposed by Pel-
letier. Much more complete data than are now available
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would be required to determine the average maximum
size of these boulders. Casual observations by the au-
thors, however, suggest that the average is between 10
and 12 inches. If stream velocities and gradients of the
Pocono source area were similar to those of the present
Piedmont, the Pocono fall line would have been marked
by boulders of similar size.

Assuming that boulders as much as 10 to 12 inches
in diameter marked the Pocono fall line, and using the
values for crustal shortening determined in the area
and those advocated by Drake to the south, the fall line
lay about 40 to 50 miles southeast of the area. Six-inch
cobbles, under this supposition, were deposited about 30
miles southeast of the area.

AGE AND CORRELATION OF THE POCONO FORMATION

The Pocono Formation is of Early Mississippian age
as determined from plant fossils (Read, 1955, p. 9-15).
It is correlative with the Price Sandstone, Big Stone
Gap Member of the Chattanooga Shale, and Maccrady
Shale of Virginia; with parts of the Chattanooga Shale,
Fort Payne Chert, New Providence Shale, and Maury
Formation of Alabama, Tennessee, and Georgia; and
with the Knapp Formation, Berea Sandstone, Bedford
Shale, and Cuyahoga Group of Western Pennsylvania
and Ohio (Read, 1955; Weller and others, 1948,
chart 5).

MISSISSIPPIAN AND PENNSYLVANIAN ROCKS

MAUCH CHUNK FORMATION

The Mauch Chunk Red Shale was named by Lesley
(1876, p. 221-222, and chart opp. p. 224) in his descrip-
tion of the Boyd’s Hill well near Pittsburgh in western
Pennsylvania. The name was derived from the village
of Mauch Chunk (now Jim Thorpe), in eastern Penn-
sylvania, near which the formation crops out. The unit
continued to be designated as a red shale until Roth-
rock, Wagner, Haley, and Arndt (1953) classified it
as a formation because of the large amounts of sand-
stone, siltstone, and conglomerate.

The U.S. Geological Survey recognizes the Mauch
Chunk as a formation that includes the strata between
the Pocono and Pottsville Formations. In this report
the Mauch Chunk Formation is divided into three infor-
mal members,

The Mauch Chunk Formation is one of the principal
“valley formers” of the area. From north to south it
underlies the valleys and adjacent mountain slopes of
Mahanoy Creek, Deep and Pine Creeks, Wiconisco,
Clark Creeks, and the valley between Sharp and Second
Mountains (GQ-689, 690, 691, 692, 698, 699, 700, 701).
The lower and upper parts of the formation underlie
moderate to steep slopes, are covered at many places by
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extensive deposits of talus and soil, and commeonly are
heavily forested. In contrast, the middle part generslly
underlies areas where the relief does not exceed 200
feet. Rocks in this part commonly are covered by a thin
to thick mantle of soil and talus.

The stratigraphy of the Mauch Chunk has been
studied more closely than that of any other rock unit,
except the DPottsville and Llewellyn Formations.
Despite this study, many facets of the stratigraphy are
poorly understood or unknown because of structvral
complexities and the lack of stratigraphic markers in a
thick monotonous red-bed sequence. In order to trace
structural features and to discern stratigraphic changes,
many 100- to 500-foot thick lithologic units were
mapped in the Mauch Chunk. These units consist of
resistant sequences of red sandstone interbedded with
lesser amounts of red siltstone and shale, or nonresistant
sequences of red siltstone and shale interbedded with
lesser amounts of red sandstone. Most of the units are
laterally persistent within a single belt of outcrop. This
persistency aided greatly in the tracing of faults and
folds, but because of soil cover at many localities, it was
not of material aid in the understanding of strati-
graphic changes.

LOWER MEMBER

The lower member of the Mauch Chunk Formation
is sporadically exposed on the lower slopes of Mah-n-
tango, Berry, and Peters Mountains (GQ-692, 699, 700,
701), and is poorly exposed at several localities on Line
Mountain (GQ-692,699,700),and at Lebanon Reservoir
(GQ-691).

The contact of the member with the underlying
Pocono Formation is placed at the base of the lowest red
bed above gray beds of the Pocono. It is usually mar'red
by a sharp topographic break. The top of the lower
member is at the top of the uppermost gray, light-
brown, or orange sandstone or conglomerate.

The thickness of the lower member is difficult to deter-
mine at most places because of cover and structrral
complications, but it ranges from 400 to 800 feet and
probably averages about 600 feet. Available data are not
sufficient to establish thickness trends.

In most localities the lower member consists, in
ascending order, of a 200- to 500-foot unit of grayish-
red and pale-brown shale, siltstone, and sandstone; a
10- to 75-foot unit of light- to medium-gray, light- to
olive-gray, light-brown, and grayish-orange to dark-
yellowish-orange sandstone and local conglomerate; a
200- to 300-foot unit of grayish-red and pale-brown
shale, siltstone, and sandstone; and a 0 to 75-foot unit
of sandstone and conglomerate similar to that of the
underlying 10- to 75-foot unit. The gray-hued rocks of
the member resemble those in the underlying Pocono
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Formation, except that mica minerals are more abun-
dant and rock fragments are less abundant.

In the few localities where beds of the lower member
are well exposed they are generally tabular and are
2 inches to 2 feet thick. However, near Taylorville
(GQ-692) the beds of the lower and upper gray sand-
stone units are 1 foot to 6 feet thick. Small-scale simple
and planar crossbeds are present at a few places but are
uncommon.

Rocks of the lower member consist of gray conglom-
erate and gray and red sandstone, siltstone, and shale.
The red sandstone is mainly very fine to fine grained.
The gray sandstone is chiefly medium grained, but it
ranges from fine grained to conglomeratic and has vein
quartz pebbles as much as 1 inch in diameter.

The mineral assemblages of the rocks of the lower
member are similar and, regardless of grain size, are
allied with the protoquartzite and subgraywacke clans.
They consist principally of grains of common and vein
quartz with fragments of quartzite, schist, shale, and
chert; plates and irregular masses of biotite, muscovite,
chlorite, sericite, and unidentified clay minerals; and
small amounts of leucoxene, ilmenite, magnetite, zircon,
tourmaline, and andesine. The red rocks contain con-
siderable percentages of hematite and limonite as inter-
stitial material and as films on grains of other minerals,
whereas the gray rocks contain only small amounts of
these minerals.

Cementing media of the red rocks are hematite, limon-
ite, clay, and silica; in the gray rocks they are largely
clay and silica. Sorting in both the red and gray rocks
is poor to fairly good and averages fair, but the gray
rocks are generally less well sorted. Rounding of grains
for all rock types ranges from angular to well rounded
and averages subangular.

MIDDLE MEMBER

The outcrop belts of the middle member are largely
covered by talus and soil, and as a result, only the belt
that underlies the valleys of Deep, Pine, and Mahanoy
Creeks in the Lykens, Tower City, Klingerstown, Valley
View, Tremont, and Minersville quadrangles (GQ-690,
692, 698, 699, 700, 701) was mapped in detail.

The basal contact of the middle member is at the top
of the uppermost gray, light-brown, or orange sand-
stone or conglomerate bed of the lower member. The
contact of the middle member with the upper member is
arbitrarily placed at the base of the lowest gray con-
glomerate, sandstone, siltstone, or shale that resembles
the overlying Pottsville Formation. The middle member
locally intertongues with, and elsewhere grades laterally
into, the upper member.

The wide range in apparent thickness of the middle
member is largely due to low-angle thrust faults. There-

fore, ideas concerning original thicknesses are only as
reliable as the structural interpretation and the strati-
graphic correlations and are not sufficient to establish
trends. At the outcrop the member seems to be 2,000
feet to 6,000 feet thick and to average 5,007 feet. It is
thinnest in the valley of Mahanoy Creek and in the val-
ley between Sharp and Second Mountains and is thick-
est in Deep Creek and Pine Creek valleys. In the sub-
surface of the Minersville synclinorium, it may reach a
structurally increased thickness of 7,000 feet, as is sug-
gested by structural reconstructions and stratigraphic
correlations.

Rocks in the middle member are chiefly grayish red,
but a considerable number are pale red or pale brown. A
few are light olive gray to olive gray, pale olive to
grayish olive, greenish gray to dark greenish gray,
brownish gray, dusky yellow green, and disky red to
moderate red.

Individual beds of the member are 14 inch to 16 feet
thick and average about 1 foot 6 inches thick. Most
seem to be tabular in small outcrops, but in larger out-
crops wedge-shaped and lenticular beds are more com-
mon. Some siltstone and shale is fissile, but platy- and
massive-bedded units are more numerous at most places.
Small-scale simple and planar crossbedding is present
locally and microcrossbedding and laminations are ex-
ceedingly common. Many microcross beds s2em to have
been deformed during deposition by slumping of partly
consolidated material. Greenish-gray reduction spots
and streaks are concentrated at many places along joints,
crossbedding planes, and bedding planes. I1ud cracks,
ripple marks, and raindrop impressions are common in
many siltstone and shale beds.

The middle member is composed of sandstone, silt-
stone, shale, and clay gall conglomerate, all of which
are allied with the graywacke, subgraywacke, and pro-
toquartzite rock clans. The red sandstone is predomi-
nantly very fine grained, and the gray sandstone is
largely medium to coarse grained.

The rocks of the middle member are similar mineral-
ogically, differing only in the percentages of the various
constituents, The principal minerals are grains of com-
mon and vein quartz. Accessory minerals ar> fragments
of quartsite, phyllite, slate, schist, and chert; variable
amounts of grains and masses of unidentified clay min-
erals, biotite, chlorite, muscovite, sericite, leucoxene,
ilmenite, magnetite, and specularite; and snall amounts
of grains of andesine, orthoclase, epidote, tourmaline,
and zircon. Some red sandstone in the upper part of the
member contains as much as 20 percent andesine. Ce-
menting media are silica, limonite, hematite, unidenti-
fied clay minerals, sericite, and calcite.
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Sorting ranges from poor to good but is somewhat
better in protoquartzite than in subgraywacke and gray-
wacke. Subangular to subround grains predominate in
all rock types, but angular, rounded, and well rounded
grains are not uncommon.

UPPER MEMBER

The upper member of the Mauch Chunk Formation is
largely covered. Its belts of outcrop underlie the steeper
slopes of Mahanoy, Broad, Bear, Short, Coal, Big Lick,
Stony, and Sharp Mountains (GQ-689, 690, 691, 692,
698, 699, 701).

The lower contact of the upper member is placed at
the base of the lowest gray conglomerate, sandstone,
siltstone, or shale of Pottsville type lithology. It is com-
monly at or near a sharp topographic break in slope.
The upper contact of the member is at the top of the
uppermost red bed of Mauch Chunk-type lithology. The
rocks bounded by these contacts constitute a transition
zone (Smith, 1895, p. 1921; O. D. White, 1900, p. 763;
Barrell, 1907, p. 453) where red rocks typical of the
Mauch Chunk Formation alternate and tongue with
gray rocks typical of the Pottsville Formation.

Detailed stratigraphic and mapping studies in the
western part of the Anthracite region have demon-
strated that beds of the upper member intertongue with,
and grade laterally northward into, beds of the under-
lying middle member of the Mauch Chunk and south-
ward into beds of the overlying Tumbling Run Member
of the Pottsville Formation. These stratigraphic rela-
tions are difficult to demonstrate conclusively in the area
because of cover and because the outcrop belts of the
members strike parallel or subparallel to their deposi-
tional strike. Regionaly, however, the coarse-grained
gray rocks of the Tumbling Run Member on the south
margin of the report area tongue locally with, and
grade laterally northward into, gray and red rocks of
the upper member in the Western Middle and Eastern
Middle Anthracite fields. They then seem to tongue and
grade into the upper red beds of the middle member
on the south margin of the Northern Anthracite field.
Thus, it seems that the Tumbling Run of the area is
equivalent to the upper part of the middle member of
the Mauch Chunk on the south margin of the Northern
Anthracite field.

The thickness of the upper member is difficult to de-
termine because of cover, because the basal beds are
truncated by faulting at many places, and because the
member tongues with the underlying middle member
and the overlying Pottsville Formation. The apparent
thickness ranges from 0 to 900 feet and averages
about 600 feet. Reliable thickness data are in sufficient
for the member to be isopached or its thickness trends
determined.
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Rocks of the upper member consist of a Mauch Chunk-
and a Pottsville-type facies. The Mauch Chunk-type
facies consists of conglomerate, sandstone, siltstone, and
shale that is predominantly grayish red and, to a lesser
extent, pale red, pale reddish brown, and pale to rrod-
erate brown. The Pottsville-type facies includes con-
glomerate, sandstone, siltstone, and shale that is medium
to dark gray, light to olive gray, pale to grayish olive,
greenish gray, yellowish gray, brownish gray, dusky
yellow, dusky yellowish green, and pale yellovish
brown.

Most of the finer grained rocks of the upper member
are tabular bedded, but about 50 percent of the coavser
grained rocks are wedge bedded, and the remainder are
tabular and lenticular bedded. Although the beds range
in thickness from 14 inch to 80 feet, most beds are less
than 5 feet thick and average about 2 feet. The coarser
grained sandstone and conglomerate are commonly
crossbedded with small- to medium-scale simple and
planar cross-strata. Some beds are graded and others
are reverse graded, but most are not graded. Many
finer grained rocks are ripple marked and contain
macerated plant fragments.

The rock composition of both the Pottsville- and
Mauch Chunk-type focus is protoquartzite and sub-
graywacke, regardless of grain size. Sandstone of the
Mauch Chunk-type facies is largely very fine to fine
grained and that of the Pottsville-type facies is gen-
erally fine to coarse grained.

Generally, most of the clasts in the conglomerat> of
the upper member are about three-quarters of an inch in
diameter, but cobbles as much as 3 inches in diamster
are present at many places and 8-inch cobbles are pres-
ent along Sharp Mountain. The average diameter de-
creases northwestward from a maximum 2% inches on
Sharp Mountain to a minimum of three-quarters of an
inch in Mahanoy Valley. More than 50 percent of the
clasts are vein quartz; the remainder, in decreasing
order of abundance, are quartzite, chert, schist, phyllite,
slate, sandstone, shale, and gneiss. Much of the conglom-
erate is gray and is similar to that in the overlying
Pottsville Formation. However, grayish-red to pale-
brown conglomerate is present at many localities. Beds
of both the gray and grayish-red conglomerate com-
monly contain irregularly shaped granule- to cobble-

‘sized fragments of red shale, siltstone, and sands‘one

in their basal parts. These fragments clearly indi~ate
that the conglomerate beds accumulated near previonsly
deposited finer grained red rocks which were bring
eroded or cannibalized.

The rocks of the upper member are composed I vin-
cipally of common and vein quartz and quartzite. Ac-
cessory constituents are fragments of chert, schist, slate,
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phyllite, shale, and sandstone; grains and irregular
masses of biotite, muscovite, sericite, chlorite, leucoxene,
magnetite, ilmenite, and unidentified clay minerals; and
small amounts of andesine, epidote, tourmaline, rutile,
sillimanite, sphene, and zircon.

The cementing media in the rocks of the Pottsville-
type facies are silica, sericite, unidentified clay minerals,
and calcite. The same cements are present in the Mauch
Chunk-type facies, but hematite and limonite predomi-
nate. Sorting in both facies ranges from poor to good,
but in general, it is better in rocks of the Mauch Chunk-
type facies. The degree of rounding in either facies is
angular to rounded, subangular and subround grains
dominating. Quartz grains and quartzite fragments in
the coarser grained sandstone and in the matrix of the
conglomerate of the Pottsville-type facies commonly are
deeply sutured; whereas in the finer grained rocks of
both facies, the amount of mica and unidentified clay
minerals is greater and the amount of suturing is much
less. This fact suggests either that suturing is related to
the amount of mica and clay separating the quartz and
quartzite grains or to a more even distribution of pres-
sure by the fine material over the surface area of each
grain.

SECTIONS OF THE MAUCH CHUNK FORMATION

The outerop belts of the Mauch Chunk Formation are
so poorly exposed in the area that it was impractical
to measure sections. Much of the formation, however, is
well exposed at two localities a short distance to the east
of the area in the Pottsville 714-minute quadrangle. Be-
cause the thickness and lithology of the formation in
the southwestern part of the Anthracite region have
not been well documented previously, sections were
measured at these places. The sections are on the east
side of West Branch Gap and the east side of Schuylkill
Gap (fig. 35, sections 1,2).

DEPOSITION OF THE MAUCH CHUNK FORMATION

The Mauch Chunk Formation accumulated in a sub-
siding asymmetric basin, probably as flood-plain
deposits. The thickest part of the formation in this
basin is in and near the report area (Rogers, 1858b, p.
830-831; Barrell, 1907, p. 451).

Rogers (1858b, p. 794) believed that Mauch Chunk
sediments accumulated in a sea that was foul with
poisonous sediments; that the ripple marks, mud cracks,
and raindrop impressions indicated nearby land; and
that the sea frequently regressed, leaving the sediments
exposed to terrestrial conditions. About a half century
later, Lesley, D’Invilliers, and others (1892-95, p. 1806—
1807) stated that these sediments were laid down on a
broad shore-bordered lowland occupied by marshes,
pools, and lagoons.

Barrell (1907, p. 474-475) concluded that the Mauch
Chunk was deposited upon a great well-drained delta
inundated by seasonal rains. He believed that animal
and plant Life flourished during the rainy seasons and
either retreated from the delta or withered and died
there during dry seasons. He also postulated that sand-
stone was laid down during wet seasons when stream-
flow was greatest and that shale was deposited during
dry seasons when streamflow was minimal.

The stratigraphy and lithology of the Mauch Chunk
in the area suggest that the rocks of the formation ac-
cumulated as flood plain deposits upon a broad well
drained coastal plain which was not part of a delta.
The abundance of mud cracks, animal tracks, raindrop
impressions, and plant debris in all types of rocks indi-
cates that the coastal plain was generally suitable for
animal and plant Life and was not subjected to great
seasonal variations of wet and dry weather, which is
inconsistent with Barrell’s correlation of sandstone with
wet seasons and shale with dry seasons.

The red color of the rocks of the Mauch Chunk prob-
ably was primary, and the coastal plain where they
were deposited probably was well drained ss suggested
by Barrell. It seems likely that a poorly drained plain
would have enhanced the reduction of the ab-indant iron
oxide in the rocks of the formation and would have
produced gray rocks. In this context, the gray beds in
the lower and upper members probably record periods
when the drainage was restricted and reducing con-
ditions prevailed.

The sediments in the lower and middle members were
eroded from the stumps of the Acadian Mountains and
were transported by streams northwestward to the
coastal plain where they were deposited. During deposi-
tion the mountains were uplifted slightly several times.
The coarse-grained gray beds of the lower member
record these uplifts and also record periods when drain-
age on the coastal plain was restricted ard reducing
conditions prevailed.

Near the middle of Mauch Chunk time, an andesitic
or a dioritic mass that contained andesine was exposed
in the source area. The quantity of andesine indicates
that the extent of this mass was probably much greater
than that of any other mass of similar comp osition that
had been exposed previously.

Calcite as cementing and interstitial material also ap-
peared suddenly during middle and late Meuch Chunk
time. This calcite indicates that a small part of the
source area may have been underlain by limestone, dolo-
mite, or marble. Although it is conceivakle that the
calcite was derived from rocks other than these, it is
unlikely because the mineral assemblages of all other
upper Paleozoic sedimentary rocks in the area lack
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calcite but are otherwise similar to these calcite-bearing
rocks.

During late Mauch Chunk time, a large region east
and southeast of the area was uplifted by the first pulsa-
tion of the Appalachian orogeny. Abundant pebbles and
cobbles of vein quartz, quartzite, mica, schist, phyllite,
slate, and gneiss in the upper member show that the up-
lifted region was underlain principally by low-rank
metamorphic rocks. Other pebbles and cobbles of sand-
stone, shale, and siltstone, however, indicate that a part
was underlain by sedimentary rocks; common or igne-
ous quartz fragments suggest that a small part was
underlain by igneous rocks; and the presence of traces
of sillimanite indicates that high-rank metamorphis
rocks were locally exposed.

AGE OF THE MAUCH CHUNK FORMATION

The Mauch Chunk Formation in the area is of Late
Mississippian and Early Pennsylvanian age. The Late
Mississippian age of the bulk of the unit has been known
and accepted for many years, but the Early Pennsyl-
vanian age of the upper beds was recognized only
recently (Wood and others, 1962, p. C40-C41).

The contact between the Mauch Chunk and the over-
lying Pottsville Formation at the type section of the
latter unit is also the type locality where the time bound-
ary between the Mississippian and Pennsylvanian pe-
riods was defined (Wood, and others, 1956, p. 2670-
2671; Moore and others, 1944, p. 665). The type section
is a short distance east of the report area at Schuylkill
Gap in Sharp Mountain on the south edge of the South-
ern Anthracite field. The upper member of the Mauch
Chunk intertongues with the Tumbling Run Member
of the Pottsville, and the contact rises stratigraphically
northward. Thus, at the type section of the Pottsville at
Schuylkill Gap, the Pennsylvanian and Mississippian
time boundary lies at the contact between the members,
but in the northern part of the area, the time boundary
lies at an indeterminate position in the upper member of
the Mauch Chunk because of the northward rise.

The Mauch Chunk correlates not only with the lower
part of the Pottsville Formation but also with many
other Upper Mississippian and Lower Pennsylvanian
units. It is correlative with parts or all of the Green-
brier Limestone of western Pennsylvania, Maryland,
Virginia, and West Virginia; with the Bluefield Shale,
Hinton Formation, Bluestone Formation, and Prince-
ton Sandstone of West Virginia; with the Glen Dean
Limestone, Pennington Formation, and Bluestone For-
mation of Virginia; and perhaps with the basal parts of
the Lee and Pottsville Formations of western Pennsyl-
vania, West Virginia, Virginia, Kentucky, and Ten-
nessee (Weller and others, 1948, chart 5).
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PENNSYLVANIAN SYSTEM

Pennsylvanian rocks in the area consist of an un-
determined part of the Mauch Chunk Formation, prob-
ably not more than 200 feet; the Pottsville Formation,
800 to 1,500 feet thick; and the Llewellyn Formation, as
much as 3,500 feet thick. The Pennsylvanian sequence
ranges in total thickness from about 4,300 to 5,000 feet.

The Pottsville Formation of Early and Middle
Pennsylvanian age consists, in ascending crder, of the
Tumbling Run, Schuylkill, and Sharp Mountain Mem-
bers. Each member is composed of conglomerate, con-
glomeratic sandstone, sandstone, siltstone, shale, and
anthracite.

The Llewellyn Formation of uppermost Middle and
Late Pennsylvanian age consists of sandstone, siltstone,
and shale; numerous thin to thick beds of anthracite;
and a considerable amount of conglomerate and con-
glomeratic sandstone.

POTTSVILLE FORMATION

The Pottsville was named by Lesley in 1876 (p. 221-
227) in the description of the Boyd’s Hill well near
Pittsburgh in western Pennsylvania. It was defined in
this description as a conglomerate overlying the Mauch
Chunk Red Shale of Lesley and underlying the Lower
Productive Coal Measures (Allegheny Formation of
modern usage).

C. D. White in 1900 (p. 755-756) ignored the existence
of the original type section in the Boyd’s Fill well and
stated that the type section of the Pottsv'lle, as com-
monly recognized by previous workers, lay south of the
city of Pottsville in Schuylkill Gap. He measured a
section on the east side of the gap along the tracks of the
Pennsylvania Railroad and partitioned th~ formation
into four paleobotanic divisions (p. 773-775). Since
1900, White’s section has been considered the type for
the formation. Recently, a better exposed reference sec-
tion was established about 150 feet east of the type sec-
tion on the eastern side of Pennsylvania Route 61
(Wood and others, 1956, p. 2671-2673).

The Pottsville has been classified as a conglomerate,
a sandstone, a formation, a group, and a s>ries. In the
Anthracite region, the U.S. Geological Survey classifies
it as a formation, which is divisible at many places into
the Tumbling Run, Schuylkill, and Sharp Mountain

Members.
TUMBLING RUN MEMBER

The lowest division of the Pottsville Formation in the
Anthracite region was named the Tumbling Run Mem-
ber in 1956 for a small stream southeast of Schuylkill
Gap (Wood and others, 1956, p. 2671). It includes the
Lower Lykens Division and the lower part of the Lower
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Intermediate Division of C. D. White (1900, p. 773-
775).

The Tumbling Run Member crops out on the slopes
and crests of Bear, Big Lick, Broad, Coal, Little,
Mahanoy, Sharp, Sherman, Short, and Stony Moun-
tains (GQ-689, 690, 691, 692, 698, 699, 701). Slopes un-
derlain by the members are commonly steep and rough
and are generally covered by a thick mantle of talus; in
contrast, where the member underlies the crests of the
mountains, the surface is smooth and featureless and
is characterized by small relief. All belts of outcrop are
overgrown with a dense scrub forest.

The lower contact of the Tumbling Run Member is
at the top of the uppermost red bed of the Mauch Chunk
Formation. The upper contact is placed at the bottom
of the basal pebble conglomerate of the Schuylkill Mem-
ber. The rocks in the upper part of the Tumbling Run
are generally finer grained than the overlying basal
conglomerate and are light to dark gray, olive gray,
greenish gray, grayish orange, moderate yellowish
brown, and dusky yellow, whereas the overlying basal
conglomerate is generally light to dark gray. Pebbles
in the upper part of the Tumbling Run are sparse, are
scattered at random in a sandstone matrix, are as much
as 114 inches in diameter, commonly are fractured and
generally are rounded. They consist of a variety of rock
types, such as vein quartz, quartzite, chert, schist, gneiss,
sandstone, siltstone, and shale. The clasts in the basal
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conglomerate of the Schuylkill Member are more abun-
dant, are evenly distributed in a sandstone matrix, are
as much as 3 inches in diameter, are not fractured, and
are generally well rounded. They are composed prin-
cipally of vein quartz and quartzite.

It is difficult to determine the thickness of the Tum-
bling Run Member at most places because of structrral
complications, a dense forest cover, and a mantle of
talus. Plates 1-3 show three lines of stratigraphic sec-
tions that cross the area from west to east. These lines
illustrate the variations in lithology and thickness of
parts or all of the Pottsville Formation and the lower
and middle parts of the Llewellyn Formation as meas-
ured in boreholes, in mines, and on the surface. Twerty-
three of these stratigraphic sections were measured,
partly in beds of the Tumbling Run.

The Tumbling Run Member ranges in thickness from
about 275 feet in the western and northwestern perts
of the area to about 600 feet in the southeastern part
(fig. 36). It thickens irregularly to the south and south-
east at 25 to 30 feet per mile. Structural calculations
indicate that the Pennsylvanian rocks of the area were
telescoped about 45 percent during the Appalachian
orogeny. Before deformation the Tumbling Run thick-
ened southward and southeastward at about 14 to 17
feet per mile.

Fresh and weathered rocks of the member exhibit
a. considerable range in color. Conglomerate, conglom-
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eratic sandstone, and sandstone are light to dark gray,
light to olive gray, yellowish gray, dusky yellow, green-
ish to dark greenish gray, grayish orange, yellowish
brown, and moderate olive brown. Shale and siltstone
are medium to dark gray, light to olive gray, dusky yel-
low, greenish gray, and black.

Conglomerate and conglomeratic sandstone compose
about 55 percent of the Tumbling Run and are concen-
trated largely in the lower and middle parts. The cob-
bles and pebbles in these parts of the member have an
average diameter of about 1 inch, but locally are as
much as 8 inches in diameter. In the upper part of the
member, the average diameter is about 14 inch, and the
maximum is about 114 inch. Cobbles and pebbles
throughout the member are composed largely of vein
quartz and quartzite and lesser amounts of chert, schist,
gneiss, sandstone, shale, siltstone, slate, phyllite, and
granite. Most are subrounded to well rounded and aver-
age subrounded to rounded.

The conglomerate of the Tumbling Run generally is
poorly sorted. The cobbles and pebbles commonly are
scattered in the matrix and exhibit no apparent linea-
tion, other than the more ovoid ones being orientated
parallel to bedding surfaces. The matrix is largely mod-
erate olive brown, greenish gray, and olive gray, which
contrasts with the light-to dark-gray matrix of the
conglomerate of the Schuylkill and Sharp Mountain
Members.

At natural exposures many cobbles and pebbles sepa-
rate from the matrix of weathered conglomerate in the
Tumbling Run Member in a broken or fractured state.
At manmade exposures in roadcuts and strip-pit faces
unfractured cobbles and pebbles separate from the same
conglomerate. Cobbles and pebbles of the Schuylkill
and Sharp Mountain Members are rarely fractured at
weathered exposures. The general fractured condition
of the clasts at weathered outcrops of the Tumbling
Run, therefore, provides one of the more reliable means
of distinguishing conglomerate of this member from
that of the two overlying members. This difference in
fracturing of clasts suggests that the conglomerate of
the Tumbling Run was more firmly cemented than were
the conglomerates of the other members. When defor-
mation took place, incipient fractures developed in the
clasts of the more firmly cemented Tumbling Run rocks
with the result that weathering cause them to disinte-
grate. In the less firmly cemented rocks of the other
members, adjustments in the cement protected the
clasts from incipient fracturing.

Fine- to coarse-grained sandstone composes about 30
percent of the Tumbling Run, but is largely concen-
trated in the upper part. Most sandstone beds are 2 to
15 feet thick, an appreciable number being 1 inch to

114 feet thick. Tabular bedding predominates over all
other types, but lenticular and wedge bedding are com-
mon. Small- to medium-scale simple and planar cross-
bedding is prevalent in all bedding types.

Shale and siltstone compose about 15 percent of the
Tumbling Run. Many siltstone and shale beds are 15
inch to 2 feet thick, the remainder being 2 to 20 feet
thick. Most are tabular, but lenticular and wedge-shaped
beds are common. Although some of the stale and silt-
stone is cross laminated, most is parallel laminated.

Six beds of anthracite are present in ths member in
the area. In ascending order, these are the Liykens Valley
Nos. 7, 6, 5, 4, 37, and 33/ coal beds. Three of these, the
Lykens Valley Nos. 6, 5, and 4 coal beds are persistent
and have been traced throughout the area, except for
the easternmost part (Wood and Trexler, 1968b, c).
The others are less persistent and are confined to the
western part of the area on the limbs of the Miners-
ville synclinorium. On the north limb ¢f the north
trough of the synclinorium, however, they are too thin
to be shown on the coal maps (Wood snd Trexler,
1968b). The lowermost of the less persistent beds, the
Lykens Valley No. 7, lies 50 to 110 feet below the Liykens
Valley No. 6 coal bed and 50 to 210 feet al ove the base
of the member. At several localities, the Lykens Val-
ley No. 834 coal bed lies directly beneath or within 10
to 15 feet of the bottom of the basal conglomerate of
the Schuylkill Member (pl. 1, secs. 7, 11, 14) and at
one locality the Lykens Valley No. 37 coal bed lies
directly beneath the conglomerate (pl. 1, sec. 3).

Most of the conglomerate, sandstone, siltstone, and
shale of the Tumbling Run is compositionally sub-
graywacke but some beds are orthoquartzite. The con-
stituents of these rocks are similar, regardless of grain
size, and differ only in the percentages of the various
minerals present.

The mineral assemblage of the subgraywacke con-
sists of grains of common and vein quartz, ilmenite,
magnetite, tourmaline, zircon, sphene, and leucoxene;
rock fragments of chert, schist, phyllite, slate, shale,
sandstone, and quartzite; extremely small amounts of
andesine, oligoclase, kyanite, staurolite, garnet, epi-
dote, sillimanite, limonite and hematite; plates and
irregular masses of biotite and muscovite; irregular
masses and blebs of chlorite, sericite, and unidentified
clay minerals.

Cementing media are silica, sericite, unidentified
clay minerals, and a clastic binder of clay- and silt-
sized quartz fragments, and films of h-matite, and
limonite. Most very coarse grains are rounded to well
rounded. Very fine to coarse grains range from angu-
lar to rounded and average subangular to subrounded.
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SCHUYLKILL MEMBER

The Schuylkill Member, medial division of the
Pottsville Formation, was named in 1956 (Wood and
others, p. 2671) for the Schuylkill River. The member
includes the upper part of the Lower Intermediate Di-
vision and all the Upper Lykens Division of C. D.
White (1900, p. 794-799).

The Schuylkill crops out in a long sinuous belt un-
derlying the crests or upper slopes of Bear, Big Lick,
Broad, Coal, Little, Mahanoy, Sharp, Sherman, Short,
and Stony Mountains and Mine Hill (GQ-689, 690,
691, 692, 698, 699, 701). The surface of most of this
belt is smooth; but in a few places it is rough and
steep, and locally, it is mantled by talus and covered
by a heavy forest. ’

The basal conglomerate of the Schuylkill conform-
ably overlies finer grained rocks of the Tumbling Run
Member.

The upper contact of the Schuylkill is at the bottom
of the basal conglomerate of the Sharp Mountain
Member which rests conformably upon finer grained
rocks in the upper part of the Schuylkill. The pebbles
and cobbles in the basal conglomerate of the Sharp
Mountain Member are much coarser than those in the
underlying Schuylkill. This characteristic coarseness
and the resistance of this conglomerate to erosion aid
greatly in distinguishing the boundary between these
members.
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Plates 1-3 illustrate three lines of stratigraphic sec-
tions in and adjacent to the area. These lines show the
variations in lithology and thickness of the Pottsville
and Llewellyn Formations. Of the 46 illustrated sec-
tions, 24 include part or all of the Schuylkill Member.

The Schuylkill is about 300 feet thick in the north-
eastern part of the area on Broad Mountain and is
about 700 feet thick in the southwestern part near
Lykens and Williamstown (fig. 37). The abuncant
thickness data (pls. 1-3; fig. 37) indicate that the
member thickens southward at 30 to 60 feet per mile.
Much structural information also indicates that the
Pennsylvanian rocks of the area were shortened an av-
erage of about 45 percent during the Appalachian
orogeny. Thus, before the orogeny, the Schuylkill
Member thickened southward at about 1614 to 33 feet
per mile.

Weathered and fresh rocks of the member are light
to dark gray, the average being medium gray. At fresh
manmade outerops, many rocks are lightly stained by
limonite. This staining is absent at most natnural
exposures.

Most of the beds in the Schuylkill are tabular, but a
few are wedge shaped and irregular. Parallel-lariin-
ated beds predominate over cross-laminated beds. The
cross-stratification is in general simple and planar and
ranges from small to large. Most conglomerate and
sandstone beds are 2 to 25 feet thick, and most shale
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and siltstone beds are 14 inch to 134 feet thick. Graded
and reverse graded beds are relatively common in the
coarser grained rocks. Carbonized plant fragments are
abundant in many shale units and are relatively com-
mon on bedding planes in the coarser grained rocks.

Conglomerate and conglomeratic sandstone compose
about 50 percent of the member. The pebbles in these
rocks are composed largely of vein quartz and quartz-
ite. Chert is the next most common constituent. Schist,
phyllite, gneiss, sandstone, shale, siltstone, and granite
pebbles are present, but in general, are sparse. Most of
these clasts are well rounded and equidimensional to
ovoid. They are generally scattered evenly throughout
a light- to dark-gray matrix consisting of very fine to
very coarse grains of quartz, quartzite fragments,
other rock fragments, and accessory mineral grains.
The largest clasts are usually concentrated in the basal
conglomerate of the member, where they locally are
as much as 3 inches in diameter. Pebbles in the overly-
ing conglomerate beds rarely exceed 1 inch in diameter,
and average 14 to 14 inch.

Much of the conglomerate and conglomeratic sand-
stone in the Schuylkill weathers into a pebble gravel
that is distinctive because of the small diameter, the
well-rounded shape, and the unfractured condition of
the pebbles.

Sorting in the conglomerate and conglomeratic sand-
stone of the member is poor to moderate. Lineation at
most localities is nil, except that the long axis of the
more elongate and ovoid pebbles commonly parallels the
bedding. Cementation in these rocks is weak to quartz-
itic but generally is moderate.

The sandstone in the Schuylkill ranges from very
fine to very coarse grained and averages medium to
coarse grained. It constitutes about 30 percent of the
member and is distributed evenly throughout. Most
sandstone beds are 2 to 15 feet thick, but some are as thin
as 14 inch. Graded bedding is more common in sand-
stone than in the finer or coarser grained rocks. Sorting
ranges from moderate to excellent and averages good.
Cementation generally is moderate but ranges from
weak to quartzitic.

Four relatively persistent beds of anthracite are pres-
ent in the member. In ascending order, these are the
Lykens Valley Nos. 3, 2, 114, and 1 coal beds (Wood
and Trexler, 1968b, c). Several thin and nonpersist-
ent coal beds locally lie below the Lykens Valley No. 3,
and others are present between the Lykens Valley Nos.
2 and 114 coal beds. Only one of these, the Lykens
Valley No. 314 coal bed, underlies an area large enough
to warrant naming.

The Lykens Valley Nos. 3, 2, 114, and 1 coal beds
are recognized at many places in the area. The No. 3
and No. 1 beds underlie most. of the part of the Southern

Anthracite field that is within the report area. The No.
1 bed is generally thin. However, it and the underlying
Lykens Valley No. 4 bed of the Tumbling Run Member
are perhaps the most widespread of the coal beds of the
Pottsville Formation. The consistent stratigraphic posi-
tion of the No. 1 bed at 5 to 50 feet below the basal
conglomerate of the Sharp Mountain Memb>r supports
the concept that the Schuylkill and Sharp Mountain
are conformable.

The Lykens Valley No. 2 and No. 114 cosl beds thin
rapidly east of the latitude of Sherman and Little
Mountains and are not recognized in the e~stern part
of the area.

The rocks of the member are compositionally proto-
quartzite and subgraywacke regardless of differences
in grain size. The principal mineral constituents of
both types of rock are grains of vein and common quartz
and fragments of quartzite. Accessory minerals are
varying amounts of ilmenite, magnetite, zircon, sphene,
tourmaline, rutile, and leucoxene; traces of andesine
and oliogoclase ; varying amounts of fragments of chert,
schist, phyllite, slate, siltstone, and shale; irregular
masses and blebs of sericite, chlorite, biotite. muscovite,
hematite, limonite, and unidentified clay minerals; and
varying amounts of clay- to silt-sized quartz fragments.
Cementing media are silica, sericite, clay minerals, a
binder matrix of clay- to silt-sized gqnartz fragments,
and films of hematite and limonite. Most of the coarse
to very coarse grains are well rounded, whersas the very
fine to medium grains are generally subrounded. The
margins of many quartz grains and quartzite fragments
have been deeply sutured by pressure sol1tion.

SHARP MOUNTAIN MEMBER

The Sharp Mountain Member, youngest division of
the Pottsville Formation, was named in 1956 (Wood
and others, p. 2671) for Sharp Mountain at Schuylkill
Gap. C. D. White (1900, p. 801) assigned the beds in-
cluded in this member to his Upper Intermediate Divi-
sion of the Pottsville. He and Read (in Moore and
others, 1944, p. 680) recognized the persistence of the
basal conglomerate of this member throghout the
Southern Anthracite field.

The member crops out at or near the crests of Bear,
Big Lick, Broad, Coal, Little, Sharp, Short, and Stony
Mountains and Mine Hill (GQ-689, 690, 6981, 692, 698,
699, 701). It is the principal “ridge forrer” in the
part of the coal field that is in the area. At most places
it underlies cuestas or hogbacks covered by dense for-
ests. Elsewhere, as on Broad Mountain, the member un-
derlies a smooth rather featureless terrain.

The contact between the Sharp Mountain and Schuyl-
kill Members is at the bottom of the basal conglomerate
of the Sharp Mountain Member, which res*s conform-
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ably upon conglomeratic sandstone, sandstone, siltstone,
and shale in the upper part of the Schuylkill. The basal
conglomerate commonly weathers into a ledge, a series
of ledges, or a stone wall that rises above the finer
grained beds of the Schuylkill. In some localities it
weathers into a gravel that mantles the surrounding
terrain.

The upper contact of the Sharp Mountain with the
Llewellyn Formation is at the base of the underclay
or shale that underlies the Buck Mountain (No. 5) coal
bed. Where the shale is absent, the contact is at the
base of the coal bed.

The Sharp Mountain Member is the most distinctive
stratigraphic unit in the Pottsville and Llewellyn For-
mations. Its widespread distribution and characteristic
conglomerate lithology are helpful in determining the
base of the Lilewellyn and in delineating structural
features that cross the outcrop belt.

Plates 1-3 illustrate three lines of stratigraphic sec-
tions within and adjacent to the area. These lines of
sections show 46 localities where the thickness and
lithology of the Pennsylvanian rock sequence has been
measured and studied. Of the 46 sections, 31 include
part or all of the Sharp Mountain Member. The mem-
ber is thickest, 315+ feet, in the vicinity of Tower City
No. 1 Tunnel (pl. 1, section 10; Wood and Trexler,
1968b, sheet 4) and is thinnest, 120=+ feet, north of
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Trexler, 1968b, sheet 3). The abundant thickness data in-
dicate that the member thins northwestward at about 40
feet per mile in the northeastern part of the area, at
50 feet per mile in the central part, and at about 20 feet
per mile in the southwestern part (fig. 38). Before the
crustal shortening resulting from the A ppalachian orog-
eny, which is estimated to have been about 45 percent,
the member thinned northwestward at 22 feet, 27.5
feet, and 11 feet per mile, respectively.

The beds of the Sharp Mountain Member accumu-
lated in a series of north- and northwest-trending thick
and thin lobes. The conglomerate in the thick lobes con-
tains cobbles as much as 8 inches in diameter, whereas
the cobbles in the thin lobes reach a maximum diameter
of about 5 inches (fig. 39). The greater size of the cob-
bles in the thick lobes suggests that these lobes were the
sites of large alluvial fans formed by streams capable
of transporting much larger and heavier detritus than
the streams that deposited the material in the thin Jobes.
The thin lobes, in fact, may represent interfan alluvia-
tion from small streams.

Fresh and weathered rocks in the Sharp Mountain
Member are principally medium gray, but they range
from light to dark gray.

Tabular and lenticular beds are about equally ebun-
dant in the member. Wedge-shaped and irregular beds
are uncommon. Most strata are cross laminated, but

Colket Water Level Tunnel (pl. 1, section 17 ; Wood and

many are parallel laminated. The attitudes of the small-
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to large-scale simple and planar cross-strata and the
orientation of ripple marks generally indicate deposi-
tion from northwest-flowing currents. Most beds are 4
to 10 feet thick; the rest range in thickness from 4
inches to 4 feet. Conglomerate and sandstone beds are
generally thicker than adjacent siltstone and shale beds.
Graded bedding is common, and reverse grading, al-
though well developed locally, generally is rare. Plant
debris is abundant in all rock types, but is well pre-
served only in siltstone and shale.

Conglomerate is largely concentrated in the basal part
of the member, and finer grained rocks predominate in
the upper part. Over most of the area, the Sharp Moun-
tain is composed of about 45 percent conglomerate, 25
percent conglomeratic sandstone, 15 percent sandstone,
5 percent siltstone, 9.5 percent shale, and 0.5 percent
anthracite. From south to north across the area, the
percentage of conglomerate decreases slightly and the
percentage of sandstone increases proportionately.

At places on Sharp and Broad Mountains, cobbles
and pebbles in the basal conglomerate of the Sharp
Mountain Member reach a maximum diameter of 8
inches. The average diameter of the clasts in this unit
i1s about three-quarters of an inch for the area as a
whole. Above the basal conglomerate the clasts reach a
maximum diameter of about 2 inches, but generally are
less than half an inch in diameter. They are composed
of 60 to 85 percent vein quartz, 15 to 35 percent quartz-

ite, and small percentages of chert, schist, gneiss, sand-
stone, slate, siltstone, and granite. Most are rounded to
well rounded and are scattered evenly in a very fine to
very coarse grained light- to dark-gray matrix.

The conglomerate of the Sharp Mountsin Member
weathers at many places into a gravel that mantles the
outcrop belt and adjacent rock units. This gravel is
distinctive because of the coarseness, rounded and well-
rounded shape, and unfractured condition of the cobbles
and pebbles.

Sorting in the conglomerate of the Sharp Mountain
ranges from poor to excellent and averages moderate to
good. There is little apparent lineation of tho clasts, ex-
cept that the long axis of the more elongate and ovoid
ones commouly parallels the bedding. Most. of the con-
glomerate is well cemented, but locally, the bonding
ranges from weak to quartzitic.

Fine-grained to very coarse grained s~ndstone is
largely concentrated in the upper part of the member-.
Sandstone beds are 2 inches to 20 feet thick, but most
are between 2 and 5 feet thick. Tabular bedded units
predominate, lenticular units are relatively common,
and wedge-shaped and irregular units are rare. Many
beds are crossbedded, and the rest are paralle! laminated.

Most of the shale and siltstone is in the upper part of
the Sharp Mountain Member and is in beds 1 inch to
9 feet thick. Locally, however, some beds are as thick
as 10 feet. Nearly all the shale and siltstone is carbona-
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ceous and contains much macerated to well-preserved
plant debris.

Three anthracite beds are present in the upper part of
the member. In ascending order, these are the Scotty
Steel Nos. 2 and 3 coal beds and the Little Buck Moun-
tain (No. 4) coal bed. The Scotty Steel beds underlie
much of the area (Wood and Trexler, 1968b, c). The
No. 3 bed is slightly thicker and more widespread than
the No. 2 bed. The Little Buck Mountain coal bed is
known only in the northern and central parts of the
Minersville quadrangle (Wood and Trexler, 1968b,
sheets 1, 2).

The conglomerate, sandstone, and shale of the Sharp
Mountain Member are compositionally protoquartzite
and subgraywacke. The principal constituents of both
rock types are grains of vein and common quartz and
fragments of quartzite. Other constituents are frag-
ments of chert, schist, gneiss, slate, siltstone, and sand-
stone; plates, blebs, and irregular masses of muscovite,
biotite, chlorite, sericite, and unidentified clay minerals;
grains of ilmenite, leucoxene, magnetite, sphene, tour-
maline, and zircon; sparse grains of andesine, stauro-
lite, epidote, and rutile; films of hematite and limonite;
and varying amounts of silt- and clay-sized quartz frag-
ments. Grains of quartz, chert, and quartzite range from
subrounded to well rounded but average rounded. In
contrast, other types of grains are generally sub-
rounded. The margins of many quartz and quartzite

grains are commonly sutured deeply by pressure solu-
tion, but where they are surrounded by a mat-ix of
mica and clay minerals, their original shapes are pre-
served and suturing is negligible.

THICKNESS OF THE POTTSVILLE FORMATION

The Pottsville Formation thins northwestward from
about 1,500 feet on Sharp Mountain to about 809 feet
on Broad Mountain (fig. 40). Thickening of the forma-
tion southeastward at the southernmost outcrops on
Sharp Mountain indicates that the axis of the Potts-
ville depositional basin lay south of this mountain, but
the distance to the axis is unknown because of erosion.

DEPOSITION OF THE POTTSVILLE FORMATION

Sediments of the Pottsville Formation accumulated
on a broad flood plain that overlay a slowly subsiding
asymmetric depositional basin. They were laid down
as fluvial and swamp deposits. The gray and olive colors
of the rocks, the preservation of carbonaceous meterial
in rocks of all types, and the presence of anthracite all
suggest that deposition was in a reducing environment.
Many swamps existed during deposition, and the vege-
table matter that accumulated in them was later trans-
formed into coal in the numerous anthracite beds.

The end of Pottsville deposition was marked by the
formation of a very large swamp in which the vegrtable
matter of the Buck Mountain (No. 5) and correlative
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coal beds accumulated. This swamp apparently extended
over the entire Anthracite region and may have ex-
tended into parts of western Pennsylvania, West Vir-
ginia, and Ohio. The concept that this swamp extended
over such a large area is based upon the paleobotanical
equivalency of the Buck Mountain coal bed of the An-
thracite region and the Lower Kittanning coal bed of the
Allegheny Formation of western Pennsylvania (C. B.
Read, oral commun., 1954).

Sedimentary structures, thickness patterns, and the
direction of increase in grain size indicate that the rocks
of the Pottsville were derived from a source southeast
and east of the area. During late Mauch Chunk time, a
large part of the source region was uplifted by the first
pulsation of the Appalachian orogeny. Coarse detritus
from this uplifted part of the source region accumulated
in the area during deposition of the upper member of the
Mauch Chunk and the lower part of the Tumbling Run
Member of the Pottsville. The rocks of the upper part of
the Tumbling Run and the Schuylkill Members are finer
grained than those of the lower part. This decrease in
grain size probably records the erosional reduction of
the source region and marked the end of the first
pulsation of the orogeny.

Shortly before the end of Schuylkill deposition, the
second pulsation of the Appalachian orogeny rejuve-
nated the source. A large volume of coarse detritus was
eroded from the uplifted region and is preserved in the
lower part of the Sharp Mountain Member. During
deposition of this member, the second pulsation lessened
in intensity, and finer detritus was eroded thereafter
from the source. This finer detritus is preserved in the
rocks of the upper part of the Sharp Mountain Member
and the lower part of the Llewellyn Formation.

Pelletier (1958, p. 1059-1060) postulated that the fall
line of the Pottsville Formation lay near Philadelphia.
He determined the fall line by preparing a location
graph of maximum pebble and cobble sizes from which
the effects of deformation were removed by using crustal
shortening data calculated by Cloos (1940, p. 841). His
fall line was based upon the location where 6-inch cob-
bles theoretically would have been deposited.

Crustal shortening in the Pennsylvanian rocks of the
area averages 45 percent, or 15 percent more than the
value determined by Cloos (1940, p. 847). South of the
report area, in the Great Valley and Piedmont regions,
crustal shortening was a minimum of 50 percent (A. A.
Drake, Jr., oral commun., 1962), or 10 percent more than
the value calculated by Cloos.

Cobbles as much as 8 inches in diameter are present
in the Pottsville Formation on Sharp Mountain (GQ-
689, 690, 691). Obviously, these cobbles were deposited
below a fall line. Therefore, 6-inch cobbles did not mark
the Pottsville fall line as advocated by Pelletier. Casual
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observations by the authors indicate that 10- to 12-inch
boulders mark the fall line of the Atlantic Coastal
Plain. Many more data would be required than are now
available to determine accurately the average maximum
size of these boulders. Nevertheless, the size is much
greater than that advocated by Pelletier. If stream
velocities and gradients in the Pottsville source area
were similar to those of the modern Piedmont, it seems
likely that the Pottsville fall line would also have been
marked by 10- to 12-inch boulders.

When the effects of crustal shortening have been nul-
lified by using the data determined by the authors and
Drake, a Pottsville fall line based upon 10- to 12-inch
boulders lay at about the position of the modern Read-
ing Prong, or about 40 miles northwest of the 6-inch fall
line determined by Pelletier. The Reading Prong is
underlain by metamarphic and igneous rocks similar to
those believed to have supplied much of the detritus pre-
served in the Pottsville.

The Tumbling Run and Sharp Mountain Members
of the Pottsville Formation and the upper member of
the Mauch Chunk Formation are the only stratigraphic
units in the area in which garnet, epidote. staurolite,
kyanite, aud sillimanite and clasts of gneiss and granite
have been found. These minerals and clasts suggest that
an igneous mass and a high-temperature m-tamorphic
mass were exposed in the source region.

AGE AND CORRELATION OF THE POTTSVILLE FORMATION

The Pottsville Formation is of Early end Middle
Pennsylvania age (Read and Mamay, 1960, table 176.1).
For many years the formation at its type section has
been considered the type basal unit of the Pennsyl-
vanian System.

The Tumbling Run Member of early Early Pennsy!-
vanian age contains fossil plants of the zone of Newrop-
teris pocahontas and Mariopteris eremopteroides and
of the overlying zone of Mariopteris potisvillea and
Amneimites spp. These plants indicate that the member
correlates with the Pocahontas Formation and the lower
parts of the Lee and New River Formations of southern
West Virginia, southwestern Virginia, Kentucky, and
Tennessee.

The Schuylkill Member of late Early Perusylvanian
age contains plant remains from the zone of Mariop-
teris pygmaea and Neuropteris tenmessceana. These
fossils indicate that the Schuylkill correlates with the
upper part of the New River Formation, the Bloyd
Shale of the Morrow Series (Read and Mamay, 1960,
table 176.1), and with the upper part of tI'» Lee For-
mation of southwestern Virginia, Kentuck;7, and Ten-
nessee (Read, 1947, table 1). Bode (1958, p. 254) as-
signed the flora of the Liykens Valley No. 1 coal bed to
the Westphalian zone A of Europe.



STRATIGRAPHY 79

The upper part of the Sharp Mountain Member con-
tains a fossil flora of the zone of Neuropteris rarinervis
and the upper part of the zone of Neuropteris tenuifolia
(Wood and others, 1956, table 2) or Westphalian zone D
of Europe (Bode, 1958, p. 254). The lower part of the
zone of Neuropteris tenuifolia and the zone of Mega-
lopteris spp., and their European equivalents West-
phalian zones B and C, may be present in the lower
coarsely conglomeratic sequence of the member, but
they have not been identified (Wood, and others, 1956,
p. 2684-2685).

The upper beds of the Sharp Mountain Member cor-
relate with the lower part of the Allegheny Formation

of western Pennsylvania, Ohio, and West Virginia, and |.

with the lower part of the Des Moines Series of the
midcontinent region. The lower part of the member

probably correlates with the Kanawha Formation of -

West Virginia, Virginia, and Kentucky.

Read and Mamay (1960, table 176.1) classified the
Sharp Mountain as late Middle Pennsylvanian. The
Buck Mountain (No. 5) coal bed at the base of the
Llewellyn Formation contains latest Middle Pennsyl-
vanian plants of the zone of Neuropteris rarinervis;
the authors, therefore, tentatively suggest that the mem-
ber may represent all but the uppermost part of Middle
Pennsylvanian time.

LLEWELLYN FORMATION

The Llewellyn Formation was named in 1962 (Wood
and others, p. C41-C42) for a town in the Minersville
quadrangle. The rocks assigned to this formation were
originally referred to an informal stratigraphic unit
known as the “coal measures” (Smith, 1895, p. 1920).
Geologists later assigned them to the Allegheny and
Conemaugh Formations (Willis, 1912, 439-442; Loh-
man, 1937, p. 47; Rothrock and others, 1950) and to an
informal unit known as post-Pottsville rocks (Wood
and others, p. 2678, fig. 3, and table 2).

Much of the complexly folded and faulted Miners-
ville synclinorium is underlain by the Llewellyn Forma-
tion (GQ-689, 690, 691, 692, 698, 699, 701; Wood and
Trexler, 1968b, c). The west-central part of the Southern
Anthracite field is underlain by this formation and by
the Pottsville Formation.

There are few natural exposures of the rocks of the
formation, but there are many manmade outcrops in
strip pits and in underground mines. Millions of tons
of debris from these strip pits and underground mines
have been dumped between the strip pits; therefore,
much is known about the rocks in the pits, but relatively
little is known about the rocks between them.

The Llewellyn underlies a series of gentle to steep,
rolling to rough parallel ridges and valleys that have

been eroded into a trellis drainage pattern. The drain-
age system has been greatly modified at many hund-eds
of places by strip and underground mining for anthra-
cite.

The contact between the Llewellyn Formation and the
underlying Sharp Mountain Member of the Pottsville
Formation is placed at the base of the underclay or
shale of the Buck Mountain (No. 5) coal bed. In a few
localities the shale is absent, and the contact is placed
at the base of the coal bed. The upper limit of the
Llewellyn is the present erosion surface at most places,
but in a few places the formation is overlain by Quster-
nary alluvium.

The Llewellyn reaches a maximum thickness of about
3,500 feet in the central part of the Minersville qad-
rangle near the village for which it was named. It is
impractical to construct a thickness map of the for-
mation because of structural complications and the
small area in which the youngest beds are preserved.

The thickness and lithology of the lower and middle
parts of the Llewellyn Formation are illustrated ot 39
localities (pls. 1-3). The upper part is so poorly exposed
that its variations in thickness and lithology coulc' not
be determined and studied. The lower and middle parts
of the formation are characterized by many lateral vari-
ations in rock type. Despite these variations, the con-
tinuity and equivalency of thin to thick rock sequemces
over large areas is indicated by the associated anthracite
beds. The persistency of the anthracite beds has been
proven by mapping and by underground and strip
mining. It is impossible, however, to show many of the
data that prove this persistency on the coal maps and
coal structure sections prepared simultaneously with
this report (Wood and Trexler, 1968b,c).

The Llewellyn is characterized by sharp t]ucl ness
changes between datum horizons that are only a few
feet to several hundred feet apart. It is also character-
ized by rather even or uniform thicknesses between
datum horizons that are much farther apart. For ex-
ample, local thickness variations are numerous and
sharp between the Buck Mountain (No. 5) coal bed and
the coal beds of the Mammoth coal zone, between in-
dividual coal beds of the Mammoth coal zone, and be-
tween the uppermost coal bed of the coal zone and the
Diamond (No. 14) or Peach Mountain (No. 18) coal
beds (pls. 1-3). However, the average thickness be-
tween the Buck Mountain and Diamond coal beds is
about 900 feet, and the greatest variation in thiclmess
between these beds is 775 to 950 feet. Similarly, the
average thickness between the Buck Mountain and
Peach Mountain coal beds is about 1,400 feet, and the
variation is only 1,300 to 1,475 feet. The sharp local
variations between nearby datum horizons probably re-
sulted from unequal volumes of sediment of different
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grain size being deposited from place to place at the
same time. The overall uniformity in thickness between
datum horizons that are many hundreds of feet apart
seems to be due to each part of the basin of deposition
being filled by approximately equal volumes of each
textural size.

Freshly broken rocks of the Llewellyn Formation
are very light to dark gray, grayish black, light brown-
ish gray, greenish gray, and grayish orange. Weathered
rocks are commonly the same colors, but are also pale
to light brown, pale to dark yellowish brown, and light
olive gray. Many weathered rocks have a salt-and-
pepper appearance where hues of gray are combined
with the colors listed above.

Tabular, lenticular, and wedge-shaped beds are com-
mon in the Llewellyn. Most beds are 1 to 2 feet thick,
but some are as thin as half an inch, and others are as
thick as 20 feet. Thin- to thick-channel sandstone de-
posits are present at many places but are sparse enough
to be noteworthy. Many beds are graded, but reverse
grading is rare. Although parallel laminations predomi-
nate over cross-laminations, small to large simple and
planar cross-strata are abundant. The cross-laminations,
ripple marks, oriented plant fragments, and the direc-
tion of increase in pebble diameters generally indicate
deposition by streams flowing from the southeast. The
ripple marks and oriented plant fragments are pre-
served principally in very fine grained to medium-
grained sandstone, siltstone, and silty shale. Well-pre-
served plant fossils are most common in shale adjacent
to anthracite beds, but macerated plant debris is abun-
dant in all rock types.

Conglomerate and conglomeratic sandstone are scat-
tered at random in the Llewellyn. Most are in small
lenticular bodies, but several conglomerate lenses be-
tween the Buck Mountain (No. 5) coal bed and the Bot-
tom Split (No. 8) coal bed are widespread in the Miners-
ville and Tremont quadrangles (GQ-690, 692). A con-
glomerate bed overlies the roof shale of the Primrose
(No. 11) coal bed and is traceable over much of the
Tower City (GQ-698), Tremont, Pine Grove (GQ-
691), and Minersville quadrangles. A series of wide-
spread conglomerate beds crop out in the southern part
of the Minersville, Pine Grove, and Swatara Hill (GQ-
698) quadrangles between the 22-25 coal beds.

The conglomerate beds below the Peach Mountain
(No. 18) coal bed contain pebbles as much as 2 inches in
diameter and average half an inch. Conglomerate above
this coal bed commonly contains pebble averaging about
three-quarters of an inch in diameter and locally con-
tains cobbles as much as 3 inches in diameter. These
large clasts are composed mainly of vein quartz with
substantial amounts of quartzite and lesser amounts of
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chert, schist, gneiss, slate, sandstone, siltstone. and shale.
The percentage of clasts derived from metamorphie
terranes seems to increase stratigraphically upwards.

Most of the conglomerate in the Llewellyn is poorly
to moderately sorted. However, locally, some is well
sorted and closely resembles the basal conglomerate of
the Sharp Mountain Member of the Pottsville
Formation.

Fine- to coarse-grained sandstone is presert through-
out the Llewellyn. The bedding ranges in thictuess from
1 inch to 15 feet and averages about 1 foct 6 inches.
Tabular beds predominate, but lenticular beds are com-
mon, and wedge-shaped and irregular beds are abun-
dant locally. Although most strata are parallel lami-
nated, small- to large-scale simple and planar cross-
strata are common at many places.

Most siltstone and shale beds are 1 inch to % feet thick,
but many sequences of these beds are 20 to 5C feet thick.
Much of the siltstone and shale is carbonaceous and
commonly contains large amounts of plant debris and
intercalated beds of anthracite at many places. The
underclay or shale of some anthracite beds is charac-
terized by abundant Stigmarie impressions, and a few
beds contain upright tree trunks. Well-preserved plant
leaves and stems are common in the roof shales of many
anthracite beds.

Forty beds of anthracite are economically and strat-
igraphically important enough to be identified in this
report by name and number or only by number (Wood
and Trexler, 1968b, c). The beds have beer. numbered
from the base of the formation upward, starting with
5 and ending with 29.

The more widely persistent and thicker h~ds of an-
thracite are the Buck Mountain (No. 5) coal bed, Skid-
more (No. 7), Bottom Split (No. 8), Middle Split
No. 81%), Top Split (No. 9), Holmes (No. 10), Prim-
rose (No. 11), Diamond (No. 14), Tracy (¥o. 16), and
Peach Mountain (No. 18) coal beds. These b>ds are con-
fined to the lower 1,475 feet of the formation, and most
lie in the lower 650 feet.

Eleven other, generally thinner, slightl~ less per-
sistent, and somewhat more lenticular coal beds are in
the lower 1,600 feet of the Llewellyn. They are the Seven
Foot (No. 6), Lower Four Foot (No. 91;), Orchard
(No. 12), Little Orchard (No. 13), Little Diamond
(No. 15), Clinton (No. 1514), Little Clinton (No. 1515),
Upper Four Foot (No. 1614), Little Tracy (No. 17),
Tunnel (No. 19), and Rabbit Hole (No. 20) coal beds.

Numerous, local, lenticular, and generall~ thin beds
of anthracite are present at many places in the area.
From the base upward the economically and strat-
igraphically more important of these antlracite beds
are the 6L, 7L, 814, 10L, 1815, Diamond Levder (14L),
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14Y,, 1414 Faust (No. 20), 22, 22L, 23, 2314, and 24—
29 coal beds.

The conglomerate, sandstone, siltstone, and shale in
the Llewellyn is predominantly subgraywacke. Some of
the coarser grained sandstone and conglomerate ap-
proaches protoquartzite in composition and is here clas-
sified as “clean” subgraywacke. The rocks in the lower
part of the formation contain higher percentages of
common and vein quartz and smaller percentages of
rock fragments, unidentified clay minerals, sericite, and
other mica minerals than do those in the upper part. The
principal constituents of Llewellyn rocks are common
and vein quartz, fragments of quartzite, and blebs and
plates of sericite and muscovite. Other constituents are
fragments of chert, schist, slate, and siltstone; blebs of
chlorite; grains of ilmenite, leucoxene, magnetite, rutile,
tourmaline, zircon, and sphene; films of limonite and
hematite; a few grains of andesine; rare interstitial
fillings of halloysite; and varying amounts of uniden-
tified clay minerals, silt- and clay-sized fragments of
quartz, and carbonaceous material.

The rocks of the Llewellyn are cemented principally
by silica, sericite, and silt- and clay-sized quartz frag-
ments. Other cements are limonite, hematite, clay min-
erals, and carbonaceous material. Grains of quartz and
fragments of chert and quartzite range from angular to
well rounded and average rounded. Other rock frag-
ments and grains range from angular to rounded and
average subrounded. Chert fragments are generally bet-
ter rounded than are other constituents. Many quartz
grains and quartzite fragments are deeply sutured, but
where they are embedded in a fine-grained matrix of
nonquartz minerals, suturing generally is absent.

Llewellyn sediments accumulated in an oxygen-poor
or reducing environment upon a broad flood plain as
fluvial and swamp deposits. The flood plain was
bounded to the southeast by a nearby highland area that
had been uplifted during late Mauch Chunk and Potts-
ville time. It was bounded to the west and northwest
by a distant fluctuating coastline. A slowly subsiding
asymmetric depositional basin underlay the flood plain.
The short southeastern limb of the basin probably ex-
tended only a few miles southeast of the report area. The
much broader northwestern limb may have extended
into central and north-central Pennsylvania.

The scattered conglomerate, conglomeratic sandstone,
and coarse-grained sandstone of the Llewellyn indicate
that the highland area southeast of the report area was
uplifted intermittently. The small areal extent of the
coarse detrital deposits and the small average size of the
clasts in the lower and middle parts of the formation
suggest that uplifted parts of the highland were eroded
quickly during early and middle Llewellyn time. In

contrast, the greater areal extent of the coarse detrital
deposits and the greater average diameter of the clasts
in the upper part of the formation suggest that the
uplifted parts of the highland were considerably larger
than they had been earlier or that they had advanced
northwestward towards the report area.

The lithology, sedimentary features, and plant fossils
of the finer grained rocks of the Llewellyn indicate that
these rocks were carried onto the flood plain by mean-
dering sluggishly flowing streams. The flood plain
apparently had little topographic relief and was easily
flooded by slight changes in base level, precipitation, or
depositional habits of streams. Such changes resulted
in repeated flooding of parts of the flood plain and the
development of local and regional swamps that, in some
instances, covered hundreds of square miles. Abrupt
lithologic changes from conglomerate and coarse-
grained sandstone to carbonaceous shale, siltstone, and
anthracite indicate that in many places the transition
from fluvial to swamp deposition, and the reverse was
rapid. Vegetation grew rapidly and profusely in the
swamps. The 20 to 40 feet or more of anthracite pre-
served locally in coal beds of the Mammoth coal rone
(pls. 1-3) indicate that such growth apparently con-
tinued for long periods of time. Calculations based upon
Ashley’s (1907, p. 42) rates of deposition of vegetable
material converted to old peat and coal indicate that the
40 feet or more of anthracite locally present in individ-
ual beds of this zone accumulated during periods of as
long as 12,000 years. Most beds of anthracite in the srea
are considerably less than 40 feet thick and therefore,
took far less time to accumulate, the numerous anthracite
beds, however, undoubtedly indicate that many swamps
existed for hundreds, and in some instances for thou-
sands, of years during Llewellyn time.

The swamps of the Llewellyn were each successively
destroyed by blankets of fine to coarse detritus from
the highland southeast of the flood plain. No regional
blankets of coarse sand and gravel seem to have boen
deposited during accumulation of the lower and middle
parts of the Llewellyn, but many extensive coarse se.nd-
stone and conglomerate sequences were deposited dur-
ing accumulation of the upper part. These more ex-
tensive coarse deposits record uplift and erosion of the
highland mass that lay southeast of the area during
the third major pulsation of the Appalachian orogny.
The oregony may have consisted of more than three
major pulsations, but this is uncertain because Paleo=oic
rocks younger than the Llewellyn have been removed by
erosion. If there were only three pulsations, the co~rse
detritus in the upper part of the formation presumably
records the beginnings of the pulsation that later ad-

vanced northwestward and deformed the area. How-
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ever, several pulsations unrecorded by sedimentation
may have taken place before the orogeny drew to an
end.

The Llewellyn Formation is of latest Middle Penn-
sylvanian and Late Pennsylvanian age. Its plant fossils
were originally studied by Lesquereux (1880-84). Sub-
sequently, Read (in Wood and others, 1956, table 2; in
Wood and others, 1958, table 1) concluded that the rocks
of the formation contained fossil plants from the up-
per part of his zone of Neuropteris rarinervis, and from
his zone of Neuropteris flexuosa and Pecopteris spp.
C. D. White (1900, p. 830) stated that the lower unit
of the formation, the Buck Mountain (No. 5) coal bed,
correlates with the Lower Kittanning coal bed in the
middle part of the Allegheny Formation of central
and western Pennsylvania. Read (oral commun., 1954,
1955 ; written commun., 1955 ; in Wood and others, 1956,
table 2; in Wood and others, 1958, table 1) confirmed
this correlation and stated that these coal beds contain
a flora characteristic of the upper part of his zone of
Neuropteris rarinervis. In 1960, Read and Mamay (p.
B381) assigned the zone of Neuropteris rarinervis to the
Middle Pennsylvanian but incorrectly indicated that
the basal part of the Llewellyn equivalent to the post-
Pottsville rocks of Wood, Trexler, Arndt, Yelenosky,
and Soren (1956, p. 2678), which includes the Buck
Mountain coal bed, was entirely in the zone of Neurop-
teris flexuosa and Pecopteris spp. Thus, despite Read
and Mamay’s 1960 placing of the rocks equivalent to
the Llewellyn in the Upper Pennsylvanian, Read’s
1954-58 identifications indicate that the basal part of
the formation is of latest Middle Pennsylvanian age.

Information is scant concerning the fossil plants in
Pennsylvanian rocks younger than the Pottsville For-
mation. Table 1 shows the observed range of fossils in
the area. It was compiled from field and office identifi-
cations by Read, Mamay, and Bode and from published
identifications by Bode (1958, p. 253-254). Fossils were
not collected from above the Faust (No. 21) coal bed
because they are so poorly preserved and fragmental
that they are largely unidentifiable. Some species may
have actual ranges, therefore, which extend above the
Faust. All fossils listed are from the floor or roof shales
of coal beds.

According to Read (in Wood and others, 1956, table
2) and Read and Mamay (1960, table 176.1), the rocks
included in the Llewellyn Formation correlate with the
upper part of the Allegheny Formation and the lower
part of the Conemaugh Formation of central and west-
ern Pennsylvania, Maryland, Ohio, and West Virginia
and with the upper part of the Des Moines Series of the
midcontinent region. Bode (1958, p. 254 and fig. 13)
agreed with Read and Mamay that the Llewellyn cor-

relates with the upper part of the Allegheny and the
lower part of the Conemaugh Formation and, in addi-
tion, stated that the youngest rocks of th> Llewellyn
contain fossil plants characteristic of the D zone of the
Westphalian Stage of Europe.

QUATERNARY DEPOSITS

The youngest naturally occuring sedimentary depos-
its of the report area are Pleistocene and Recent talus
and alluvium. Recent manmade deposits of mine waste
resulting from the intensive mining have been indis-
criminately deposited during the last 150 years on the
Pottsville and Llewellyn Formations as w>ll as on the

talus and alluvium.
TALUS

Extensive talus fields rest unconformably on the un-
derlying rocks and blanket the slopes of many of the
mountain ridges in the area. The larger of these fields
are on the slopes of Bear, Big Lick, Blue, Broad, Coal,
Line, Little, Mahantango, Second, Sharp, Sherman,
Short, and Stony Mountains (GQ-689, 620, 691, 692,
698, 699, 700, 701). Many other smaller fields are present
in the area, but are not shown on the maps of this report.
The talus fields generally are only a few tens of feet
thick and are composed of small to large rectilinear
blocks of sandstone and conglomerate mixed with
smaller fragments derived from siltstone, shale, and
anthracite beds.

At many places talus deposits have hampered the dis-
covery and exploitation of coal beds in the Pottsville
and Llewellyn Formations. Numerous deposits mantle
considerable areas in the west-central part of the South-
ern Anthracite field.

The talus fields appear to have been forming since at
least the beginning of Pleistocene time. This age assign-
ment is based on the fact that glacial deposits in nearby
areas are adjusted to preexisting topography similar to
that in the area, which suggests that the relief of the
area was partially developed before glaciation. Some
talus deposits, therefore, must have been forming before
the beginning of glaciation.

ALLUVIUM

Alluvial deposits, which rest unconformably upon
underlying rocks, are shown only on the quadrangle
maps (CQ-689, 690, 691, 692, 698, 699, 707, 701) along
Deep, Little Mahantango, Lower Little {'watara, Ma-
hanoy, Mahantango, Mill, Pine, Swatara, Upper Little
Swatara, and Wiconisco Creeks. Most of these deposits
are thin, but they commonly mask the outcrops of strati-
graphic units, folds, and faults in the valleys of these
creeks. :
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Tahble 1.—Observed ranges of plant fossils in the Llewellyn Formation and upper part of the Pottsville Formation

[Plant dentifications by C B. Read, S H. Mamay (U S Geological Survey) and H. Bode { West German paleobotanist, Munster)
stratigraphic assignment by G. H Wood, Jr.]

Pottsville

Formation Liewellyn Formation

Coal bed and number

Fossil plant species

Buck Mountain
(No. 5)
Bottom Split
(No. 8)
Holmes (No. 10)
Orchard (No. 12)
Diamond (No. 14)
Tracy (No. 16)
Upper Four Foot
(No. 16%)
Peach Mountain
(No. 18)
Faust (No. 21)

Alethopteris lonchitica __ __ _ _

Acserii - ______

Annulari sphenophylloides _ _ __

A. stellata

Asterophyllites equisetiformis _ _ -
Awlacotheeca sp — -—

Bowmanites sp
Callipteridium sp — — _ _ _ __ _ —_— .
C. pteridium — — —_ _____ ___ —

Cordaites sp

Linopteris rubella — _ _ _ __ __ _

Muvriopteris cordata-ovata _ __ _

M. ef. M. muricata ____ __ __ -

M. cf. M. sphenoptervides_ _ _ __

M. cf. M. nervosa

Neuropteris clavksoni_ _ _ _ __ _

N.faleata _ _ __ _ __ ___ ___ -

N. fleavosa — —
N.cf. N.grangeri _ _ ___ ___ _ -
N. ef. N. heterophylla _ _ _ ___ _ -
N. missouriensis— — _ ___ ___ _

Novata _ _____________

N.rarinervis __ —_—

N. scheuchzert

N. tenuifolia _ __ _ ____ ____ -

N. vermicularis ——_ __ _____

Odontopteris spp_ _ _ ____ _ __ -

Pecopteris arbarescens _ _ _ __ _

P. candolliana

P. feminaeformis _ _ __ __ ___ -
P.lamuriana —____ _ _____ -

P. untta

Povestita__ _ -—

Sigillaria sp

Sphenophyllum emarginatum — _

Somajus - ______________ -

S. oblongifolivon -
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Deposits of alluvium are present along most of the
permanent stream courses in the Southern Anthracite
field, but they are not shown on the coal maps or quad-
rangle maps because they would make the maps unnec-
essarily difficult to read.

In addition to the naturally developed alluvial depos-
its, many hundreds of large to small deposits of mine
waste have been derived from strip pits, underground
mines, and breaker plants. Most underground mine-
waste deposits were accumulated during the period
from 1870 to 1945 and the strip-pit waste deposits, since
1930.

The natural alluvial deposits are Pleistocene and Re-
cent. This age assignment is based on the assumption
that most stream channels probably had their greatest
development during the advances and retreats of the
glaciers of Pleistocene time. Therefore, it seems prob-
able that part of the detritus in these deposits accumu-
lated during these advances and retreats and that the
rest was laid down in Recent time.

STRUCTURE

The rocks of the area have been folded and faulted
during three episodes of mountain building: the Ta-
conic, Acadian, and Appalachian orogenies. Structural
features that formed during the Appalachian orogeny
are superimposed on and obscure those formed during
the earlier orogenies. Consequently, much more is
known and described below about the structural fea-
tures formed during the Appalachian orogeny than
about those of the earlier events.

The report area lies in the southeastern part of a
large poorly defined north-northeast-trending struec-
tural depression or sag that occupies much of east-
central and northeastern Pennsylvania (Gray and
others, 1960). The depression has been largely obscured
by a multitude of superimposed east-northeast-trending
faults and folds. The trough of the depression, which is
interrupted at many places by the superimposed faults
and folds, is sinuous and trends about N. 20° E. from
the vicinity of Pottsville to the vicinity of Wilkes-
Barre, both of which lie east and northeast of the area.
Structurally, the boundary of the depression is difficult
to define; but to the north it is at the structural front of
the Appalachian Mountains, to the east it is at the west
edge of the Pocono Plateau, to the west it lies in the
contorted outcrop belt of the Middle Devonian rocks,
and to the south it is in the outcrop of the Tuscarora
Sandstone.

Other than the great depression, the principal strue-
tural elements of the area are the Broad Mountain and
New Bloomfield anticlinoria and the Minersville syn-
clinorium. Superimposed upon these structural elements
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and their subsidiary folds are numerous sriall to large
thrust, underthrust, high-angle reverse, bedding-plane,
and tear faults.

STRUCTURAL FEATURES FORMED DURING THE
TACONIC CROGENY

The Taconic orogeny of Late Ordovicien time pro-
foundly affected the region south, southeast, and east of
the area. Its effects are poorly known in the area be-
cause rocks of Odrovician age are largely covered. How-
ever, these rocks were folded during the disturbance,
then eroded, and finally, covered unconformably by the
Tuscarora Sandstone of Early Silurian age. The un-
conformity is not exposed in the area, but is believed
to be angular as it is to the east at Schuylkill Gap in
Blue Mountain. Some field evidence observed on Blue
Mountain and to the south in the southern part of the
Swatara Hill quadrangle (GQ-689) suppor*s this belief.
In these localities the Tuscarora Sandstone dips 35° to
45° N., and the Martinsburg Shale, about 4,000 feet to
the south, dips 10° to 45° S. There is no indication of
a modern anticline between these exposurer; therefore,
when the Tuscarora Sandstone was deposited, the Mar-
tinsburg beds probably dipped 45° to 90° S.

STRUCTURAL FEATURES FORMED DURING THE
ACADIAN OROGENY

A few structural features that formed during the
Acadian orogeny of Late Devonian and Early Missis-
sippian time have been identified in the area.

The Spechty Kopf Member of the Catskill Formation
is overlain angularly by the Beckville Member of the
Pocono Formation on Broad and Peters Mountains in
the southern part of Lykens quadrangle (GQ-701),
(Trexler and others, 1961, fig. 38.2). Structural atti-
tudes indicate that rocks of the Spechty Komf dipped an
average of 20° N. when the Beckville was deposited.

Several miles north of Broad and Peters Mountains
in Rattling Creek gorge through Berry Mountain (GQ-
701), a generalized anticinal feature consi-ting of two
anticlines and a syneline in the Spechty Koy f Member of
the Catskill is overlain by a single anticline in the Beck-
ville Member of the Pocono. Locally, the angularity
between the beds of these members isas grest as 75°.

About 2,400 feet. of Spechty Kopf rocks underlie the
southern part of Broad Mountain, but only about 450
to 500 feet of the lower part of these rocks is preserved
in the core of the complex anticlinal and synclinal
feature at Rattling Creek. This thickening indicates
that an Acadian syncline underlies the srea between
Rattling Creek and Broad Mountain. This syncline and
the anticlinal feautre in Rattling Creek gorge are sub-
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stantiated on the isopach map of the Spechty Kopf (fig.
28).

Two other Acadian folds can be inferred from thick-
ness variations of the Spechty Kopf Member. An anti-
cline seems to have formed in Northumberland County
at the approximate position of the crest of the modern
Broad Mountain anticlinorium (GQ-692, 699, 700). The
postuated crest and trend of this Acadian anticline are
depicted on figure 28 by the elongate area where the
member is absent. In addition, a syncline south of this
anticline seems to have formed in Dauphin and central
Schuylkill Counties.

Acadian anticline and synclines seem to have had
nearly the same trend as those formed later during the
Appalachian orogeny. This similarity in trend probably
means that some Acadian folds have not been identified.
The modern Broad Mountain anticlinorium and Berry
Mountain anticline appear to be rejuvenated Acadian
folds. Although other modern folds may also have been
rejuvenated, definite evidence is lacking.

Faults that formed during the Acadian orogeny have
not been identified, but some of the faults that are con-
fined to pre-Pocono rocks may originated during this

orogeny.

STRUCTURAL FEATURES FORMED DURING THE
APPALACHIAN OROGENY

Many thousands of folds and faults were formed in
thearea during the late Paleozoic Appalachian orogeny.
Only the larger of these are shown on the quadrangle,
coal, and tectonic maps and the structure sections (GQ-
689, 690, 691, 692, 698, 699, 700, 701; Wood and Trexler,
1968b, ¢).

The principal structural features formed during the
Appalachian orogeny were two anticlinoria and a syn-
clinorium. Superimposed upon these complex fold sys-
tems are a multitude of low-angle, high-angle reverse,
underthrust, tear, and bedding-plane faults.

FOLDS

The largest structural features in the area from south
to north are: the south, or main, trough of the Miners-
ville synclinorium, the New Bloomfield anticlinorium,
the north trough of the Minersville synclinorium, and
the Broad Mountain anticlinorium. Each of these com-
plex fold systems is composed of many en echelon sub-
sidiary folds which trend east-northeast. The crests and
troughs of subsidiary folds large enough to depict at
scales of 1:12,000 and 1:24,000 are shown on the maps
and structure sections (GQ-689, 690, 691, 692, 698, 699,
700, 701; Wood and Trexler, 1968b, ¢). Many hundreds
of other folds too small to be shown are present both at
the surface and in the subsurface.

Individual folds range in length from less thsn 1
inch to about 27 miles and range in amplitude from a
fraction of an inch to about 16,000 feet. None extend
across the full width of the area from west to east; but
several cross two to three quadrangles, and many cross
a single quadrangle.

Typically, the folds of the area are doubly plunging,
but because of the regional northeast plunge, more folds
terminate in that direction than to the southwest. All
folds, however, die out eventually to the southwest,
whether in the area or west of it.

The anticlines and synclines that formed during
the Appalachian orogeny trend N. 55° E. to N. 85° E.
and generally plunge northeast at 4° to 8°. Loc-lly,
where folds are dying out, however, the plunge may
be as great as 30° NE. or 30° SW. The rate of regional
northeast plunge and the maximum rate of plunge near
fold terminations were determined from extensive mine
and field data.

Most large anticlines north of the Branchdale anti-
cline (GQ-690) are simple open folds with broad crastal
areas; in contrast, most large synclines are acute or tight
folds. In their midparts the larger synclines generally
are V-shaped in cross section, whereas near their termi-
nations they are U-shaped. This change from V- to
U-shaped cross sections does not seem to be related to
rock competency. Locally, where anticlines and syn-
clines are closely spaced and smaller, the anticlines com-
monly are tightly folded but less so than the adje<ent
synclines. Southeast of the Branchdale anticline and
northwest of the Sweet Arrow fault zone (GQ-689), all
folds are tight, many are broken by high-angle reverse
faults that truncate the crests and troughs, and many
have overturned limbs.

Parallel folding is the principal style of fold defor-
mation. Mining data indicate that many folds approach
parallelism so closely that their shapes, as illustrated
on the structure sections (GQ-689, 690, 692; Wood and
Trexler, 1968¢), could have been reconstructed mechan-
ically with little error. Most folds die out at depth and
show little stratigraphic thinning on their limbs. f'ome
larger synclines locally are similar folds that exhibit
pronounced thickening in their troughs and thinnirg on
their limbs. Many folds, even though nearly par-llel,
are locally disharmonic. Disharmonic relations af wear
invariably to be associated with incompetent sequences
of shale or coal and are most common in the troughs or
on the lower limbs of synclines.

BROAD MOUNTAIN ANTICLINORIUM

The Broad Mountain anticlinorium is one of the
largest structural features in the area. To the south west
it extends at least as far as the Maryland-Pennsylvania
boundary, and to the northeast it dies out against the
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Pocono Plateau. It trends N. 65° to 80° E. across the
central and northern parts of the Klingerstown, Valley
View, and Tremont quadrangles (pl. 4; GQ-692, 699,
700). The crest of the anticlinorium in the Klingers-
town and western Valley View quadrangles is the Hoof-
lander Mountain anticline, and in the eastern Valley
View and Tremont quadrangles it is the Frackville
anticline.

The principal subsidiary anticlines and synclines of
the Broad Mountain anticlinorium are the Locust
Mountain, Mahanoy Creek, North Hooflander Moun-
tain, Eisenhuth Run, Powder Hill, Hans Yost, Mine
Hill, West West Falls, Peaked Mountain, Crystal Run,
and Swatara anticlines and the Mahanoy Basin,
Hooflander Mountain, New Boston, Beury, Jugular,
Heckscherville, Little Mountain, North Little Moun-
tain, Deep Creek, Dam, and Forestville synclines. Each
of these anticlines and synclines is several miles long
and has a maximum amplitude of several thousand feet.

Outcrops of the axial sections of the subsidiary folds
of the Broad Mountain anticlinorium are uncommon.
However, the axis of the Jugular syncline is well
exposed in strip pits on the Lykens Valley Nos. 4 and
5 coal beds near the Hans Yost and Dyer Run faults in
the northeastern part of the Tremont quadrangle (GQ-
692). The axis of the Heckscherville syncline is also
well exposed in strip pits on several coal beds west of
Mount Pleasant in the Minersville quadrangle (GQ-
690). The axes of the Powder Hill anticline and Beury
syncline are poorly exposed in the canyon of Dyer Run
in the same quadrangle. Several strip pits on the Buck
Mountain (No. 5) and Seven Foot (No. 6) coal beds
have exposed the axis of the Dam syncline in the eastern
part of the Tremont quadrangle. In addition, the axes
of the Forestville syncline and Swatara anticline are
exposed in the canyon of Swatara Creek and in strip
pits on the Buck Mountain, Bottom Split (No. 8), and
Middle Split (No. 81%) coal beds in the western part
of the Minersville quadrangle. The axis of the Crystal
Run anticline is well exposed in the canyon of Crystal
Run north of Forestville (GQ-690).

The dips of the flanks of the Broad Mountain anti-
clinorium are usually less than 45° near the crest. Lower
on the flanks where subsidiary folds are common, how-
ever, dips probably average about 50° to 60° and may
be as steep as 90°,

Rocks as old as the Keyser Limestone of Silurian and
Devonian age and as young as the Pocono Forma-
tion of Early Mississippian age crop out along the crest
of Broad Mountain anticlinorium, whereas on the
flanks, the rocks are as young as the Middle and Upper
Pennsylvanian Llewellyn Formation.

The crestal folds of the Broad Mountain anti-
clinorium plunge east-northeast at an average rate of
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6° to 614° or about 600 feet per mile. The arplitude of
the anticlinorium as measured on the base of the Mauch
Chunk Formation ranges from 13,000 to 18.000 feet in
the western part of the area and is about 1C,000 feet in
the eastern part.

NEW BLOOMFIELD ANTICLINORIUM

The New Bloomfield anticlinorium is one of the
larger structural features in the area. It trends N. 60°
to 75° E. across the southern part of the Lykens quad-
rangle, the central part of the Tower City quadrangle,
and the northern part of the Pine Grove quadrangle and
plunges out near Tremont in the southeastern part of
the Tremont quadrangle (GQ-691, 692, 698, 701). It
extends many miles southwest of the area to the vicinity
of New Bloomfield, for which it was named (Miller,
J.T., 1961, p. 35).

The crestal fold of the anticlinorium in the area is
the Joliet anticline. This anticline dies out west of the
area where the crestal fold is the Berry Mountain anti-
cline. Subsidiary folds of this anticlinorium are less
numerous than they are on the Broad Mountain anti-
clinorium. The principal folds are the West Big Lick
Mountain, Georges Head, and East Georges Head anti-
clines and the western part of Big Lick Mountain anti-
cline and Rattling Creek, Tremont, and Lorberry syn-
clines. Each of these folds is several miles long and has
an amplitude ranging from 0 to 1,000 feet o~ more.

The axis of the Joliet anticline is well exposed in
Rausch Creek and in numerous strip pits ketween this
creek and the point where the fold terminates near
Tremont (GQ-691). Axial sections of the subsidiary
folds of the anticlinorium are also relatively common.
The axes of the Rattling Creek syncline and Berry
Mountain anticline are well exposed south of Lykens
in the canyon of Rattling Creek (GQ-701). In addition,
the axes of the Tremont syncline and Big Lick Moun-
tain anticline are well exposed in many strip pits in the
Tower City (GQ-698), Pine Grove (GQ-69), and Tre-
mont quadrangles. Other strip pits have exposed the
axes of the Lorberry syncline, Georges Head anticline,
and East Georges Head anticline in the Tower City
and Pine Grove quadrangles.

Dips of the flanks of the New Bloomfield anticlino-
rium commonly are between 20° and 60°, but locally,
are nearly horizontal and in some places are overturned.

The oldest rocks exposed in the crest of the New
Bloomfield anticlinorium are in the Honesdale Sand-
stone Member of the Catskill Formation of Late Devo-
nian age, and the youngest are in the Llewellyn Forma-
tion of Middle and Late Pennsylvanian age. The inten-
sity of deformation seems to increase stratigraphically
upwards and eastward on the crest and flanks of the
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anticlinorium, and the folding is most complex where
the Joliet anticline dies out.

The crestal and subsidiary folds of the anticlinorium
plunge northeastward at 9° to 16° or at a rate of 850 to
1,500 feet per mile. The structural relief of the anti-
clinorium as measured on the base of the Pottsville
Formation ranges from 0 feet where the Joliet anticline
dies out near Tremont to about 12,000 feet in the south-
western part of the Lykens quadrangle.

East of the termination of.the Joliet anticline (pl. 4;
GQ-692), the New Bloomfield anticlinorium loses its
identity as it merges into the broad downwarp of the
Minersville synclinorium. Thus, the anticlinorium
rises westward out of the medial part of the Minersville
synclinorium, splitting that structural feature into a
north and south part. As it rises, subsidiary folds form
on its flank in a complex structural pattern.

MINERSVILLE SYNCLINORIUM

The Minersville synclinorium probably is the most
important structural feature in the area. East of Tre-
mont (GQ-692) it consists of a complexly folded gen-
erally downwarped area whose broad trough area
trends N. 50° to 60° E. West of Tremont, the broad
downwarped area is split by the eastward-plunging New
Bloomfield anticlinorium. The northern split trends
S. 80° W. from near Tremont to the west border of the
area near Lykens (GQ-701) and is here named the north
trough of the Minersville synclinorium. The southern
split trends S. 50° to 60° W. from near Tremont to the
southwest corner of the Tower City quadrangle (GQ-
699) and is here named the south trough of the Miners-
ville synclinorium.

The main trough and its southwestward continuation,
the south trough of the synclinorium, extends about 40
miles southwest of the area to near Blaserville and a
similar distance northwest of the area to near Jim
Thorpe. Within the area this trough of the synclino-
rium is everywhere the axis of the Dauphin syncline.
East of Baird Run in the Pine Grove quadrangle (GQ-
691), it is overlain by the upper plate of the Black-
wood thrust fault.

The north trough of the Minersville synclinorium
extends about 80 miles west of the area, where it termi-
nates in the vicinity of Fort Loudon. In the area, the
north trough is the Donaldson syncline from the vicinity
of Tremont to the vicinity of Lykens. Farther west to
the border of the area, Shiro syncline occupies the
trough.

The principal subsidiary folds of the Minersville syn-
clinorium are the New Mines, Phoenix Park, Middle
Creek, Big Lick Mountain, Branchdale, Georges Head,
and East Georges Head anticlines and Phoenix Park,
Tremont, Fisher, and Llewellyn synclines. Each of these

folds is several miles long and has an amplitude m=as-
ureable in hundreds or thousands of feet.

Only a few axes of the subsidiary folds of the Miners-
ville synclinorium are exposed. The axis of the Ficher
syncline is visible in several strip pits on the Bottom
Split (No. 8) and Middle Split (No. 814) coal bed~ in
the western part of the Minersville quadrangle (GQ-
690). The axis of the Branchdale anticline has been ex-
posed in several strip pits on the Peach Mountain (No.
18) and Tunnel (No. 19) coal beds in the vicinity of
Branchdale in the Minersville quadrangle. In addition,
the axes of the Fisher syncline and Middle Creek anti-
cline are exposed in the gorge of Swatara Creek rear
Zerbe.

North of the north trough of the Minersville synclino-
rium, the flanks of the subsidiary folds generally dip
about 45°, but locally may be vertical. South of this
trough, the flanks of the folds are commonly over-
turned northward as much as 50°-60°.

The south limb of the south or main trough of the
Minersville synclinorium is overturned at most lo-al-
ities. This limb embraces 15,000+ feet of rocks ranging
in age from Late Devonian (Trimmers Rock Send-
stone) to Middle and Late Pennsylvanian (Llewellyn
Formation). Structurally, the limb is bordered to the
north by the trough of the Dauphin syncline and the
Blackwood thrust fault and to the south by the Sveet
Arrow fault zone. At most places the rocks of this
limb dip 60° to 89° S. overturned, but locally they dip
as much as 30° S. overturned, are vertical, or dip
slightly north.

At most places the Llewellyn Formation is exposed in
the axial part of the Minersville synclinorium, but
northwest of Lykens the upper part of the Pottsville
Formation occupies the axial part of the North trough.

Regionally, the troughs of the Minersville synclino-
rium plunge gently northeast at 1° to 3°. The amplitnde
of the main, or south, trough is unknown because the
south limb of the synclinorium is overturned and may
be the limb of a nappe that before modern erosion st uc-
turally overlay the trough and north limb, but the
15,000 feet of overturned rocks exposed on the scuth
limb indicates the minimum amplitude.

The structural relief on the base of the Pottsville Ior-
mation between the south trough of the synclinorium
and the crest of the New Bloomfield anticlinorium
ranges from 0 to 12,000 feet. The amplitude of the north
trough, also on the Pottsville Formation, ranges from

13,000 to 18,000 feet.
ANTICLINES

Many hundreds of anticlines and associated syncl‘nes
are present in the area. Only the larger of the anticl'nes
are shown on the maps and sections (pl. 14; GQ-689,
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690, 691, 692, 698, 699, 700, 701; Wood and Trexler,
1968b, c¢), and only the largest or structurally more
important of these are described.

HOOFLANDER MOUNTAIN ANTICLINE

The easternmost 13 miles of Hooflander Monntain
anticline lies in the area and strikes about N. 80° E.
across the central part of the Klingerstown quadrangle
and the west-central part of the Valley View quad-
rangle; where it is the crestal fold of the Broad Moun-
tain anticlinorium (GQ-699-700). Near its eastern
termination, it splits into two anticlines and an inter-
vening syncline. This furcation takes place in the incom-
petent upper shale member of the Mabantango
Formation and appears to be the result of disharmonic
folding of shale above a single parallel fold in the
competent Montebello Sandstone Member of the Mahan-
tango Formation.

Rocks ranging in age from Silurian (lower part of
Keyser Limestone) to Late Devonian (Trimmers Rock
Sandstone) crop out on the crest of the Hooflander
Mountain anticline, and rocks as young as the Mauch
Chunk Formation are exposed on the limbs. The dips on
the limbs range from about 1° to 75° and average about
40°. The anticline is asymmetric, and the south limb
is generally slightly steeper than the north limb. The
amplitude of the anticline on the base of the Irish Val-
ley Member of the Catskill Formation at the west border
of the area is about 16,000 feet.

FRACKVILLE ANTICLINE

The Frackville anticline trends N. 65° to 80° E. from
the eastern part of Lykens quadrangle (GQ-701) to
the northeast corner of Tremont quadrangle (GQ-692).
Its extent in the area is about 17 miles. Throughout all
but the westernmost 5 miles, it is the crestal fold of the
Broad Mountain anticlinorium and is generally the
principal structural feature separating the Southern
and Western Middle Anthracite fields. It is en echelon
with the Hooflander Mountain anticline to the west and
is separated from that fold by a shallow syncline. The
two anticlines plunge in opposite directions and prob-
ably formed as pressures were transferred from one
weak zone to another during deformation.

Rocks that range in age from Late Devonian (Trim-
mers Rock Sandstone) to Early Mississippian (Pocono
Formation) crop out on the crest of the Frackville
anticline, and rocks as young at Late Pennsylvanian
(upper part of Llewellyn Formation) crop out on the
flanks.

The limbs of Frackville anticline dip from about 1°
to 70° and average about 30°. The north limb of the
anticline is generally somewhat steeper than the south

limb, in contrast to the en echelon Hooflander Mountain
anticline with its steeper south limb. The amplitude of
the Frackville anticline on the base of the Focono For-
mation ranges from about 6,000 feet in the northeastern
part of the area to about 12,000 feet in the north-central
part.

WEST WEST FALLS ANTICLINE

The West West Falls anticline trends N. 8§7° to 85° E.
for about 19 miles from the west border of the northern
part of the Lykens quadrangle (GQ-701) to the east-
central part of the Tremont quadrangle (GQ-692)
where it divides into the Crystal Run anticline, Forest-
ville syncline, and Swatara anticline. These three folds
in the east half of the Minersville quadrengle (GQ-
690) become a part of the complexly deformed north
limb of the Minersville synclinorium. The locality
where the West West Falls anticline splits has been
rather well exposed by erosion, strip mining, and under-
ground mining. The reason for splitting is not under-
stood, but the incompetent beds of the Mauch Chunk
Formation were flexed into a single anticline, whereas
the overlying more competent beds of th= Pottsville
Formation and the less competent beds of the Llewellyn
Formation were flexed into a compound fold system
whose structural relief decreases eastward and strati-
graphically upward into the generally cownwarped
north limb of the Minersville synclinorium.

The West West Falls anticline is the southernmost of
the large upwarp structure lying between the crest of
the Broad Mountain anticlinorium and the north trough
of the Minersville synclinorium. Rocks of the Mauch
Chunk, Pottsville, and Llewellyn Formations crop out
on the crest and limbs. The dips of the limbs range from
about 1° to 80° and average about 45°. The fold is asym-
metric; the south limb generally is slightly steeper than
the north limb. The amplitude of the anticline on the
base of the Mauch Chunk Formation seems to range
from 0 feet to about 6,000 feet and averages about 3,500
feet.

BRANCHDALE ANTICLINE

The Branchdale anticline is about 6 miles long. It
trends N. 60°to 80° E. from Newtown in the western part
of the Minersville quadrangle (GQ-690) to the east bor-
der of the area. The north limb is overturned from near
Steins to the east border. The anticline is the northern-
most fold of a group in which the north limk of each fold
is overturned for a considerable distance. T™is overturn-
ing approximately demarcates the boundary between
open folds to the north and tight folds to the south.

The Branchdale anticline is strongly asymmetric;
rocks on the upright south limb dip an average of 35°
S., whereas rocks on the north limb are overturned and
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have dips as low as 57° S. Thus, rocks on the north limb
have been rotated as much as 158° beyond the 35°
average dip of the south limb. The anticline has an
average amplitude of about 1,000 feet on the Primrose
(No. 11) coal bed. Crestal sections are well exposed in
strip pits on the Peach Mountain (No. 18) and Tunnel
(No. 19) coal beds near Branchdale (Wood and Trexler,
1968b, sheet 2).

BIG LICK MOUNTAIN ANTICLINE

The Big Lick Mountain anticline is about 11 miles
long and trends N. 60° to 75° E. from the northeastern
part of the Tower City quadrangle (GQ-698) to where
it terminates against the Newtown fault in the south-
central part of the Minersville quadrangle (GQ-690).
Locally, between Tremont and Donaldson (GQ-692)
and near Newtown the north limb is overturned. Its dips
range from 75° N. to 80° S. overturned, whereas the dips
of the upright south limb range from 50° to 60° S. The
anticline is strongly asymmetric to the north and plunges
east-northeast. Its amplitude averages about 1,000 feet
on the Primrose (No. 11) coal bed. Sections of the limbs
and crest are well exposed in many strip pits in the
Tower City, Pine Grove, Tremont, and Minersville
quadrangles (Wood and Trexler, 1968b, sheets 2—4;
1968c, sheet 1).

The Newtown fault and Big Lick Mountain anticline
separate major structural provinces (provinces 3 and 4,
Arndt and Wood, 1960, p. B183) in the Minersville
quadrangle (GQ-690). North of this fold and fault the
Minersville synclinorium is characterized by upright
folds, numerous short high-angle reverse faults, and
low-angle folded thrust faults. In contrast, to the south,
the synclinorium is characterized by few complete folds,
by numerous long high-angle reverse faults, by an ap-
parent lack of low-angle folded thrust faults, and by
alternating fault-bounded belts of upright and over-
turned rocks. A short distance west of the Minersville
quadrangle, the boundary between structural provinces
3 and 4 leaves the crest of the Big Lick Mountain anti-
cline, trends southwestward across several minor folds
and faults that underlie the borough of Tremont, and
intersects the trough of Llewellyn syncline (pl. 4; GQ-
692; Wood and Trexler, 1968h, sheet 3). The boundary
follows this trough westward to Lower Rausch Creek
(Wood and Trexler, 1968b, sheet 4). At the latter point,
the boundary is arbitrarily placed along Lower Rausch
Creek transverse to the structural grain to where the
creek intersects the Blackwood fault. It then follows
Blackwood fault westward to the trough of the Dauphin
syncline. West of the intersection of the Dauphin syn-
cline and Blackwood fault, the boundary follows the
trough of the syncline (pl. 4; GQ-692; Wood and Trex-
ler, 1968b, sheet 4; 1968¢c, sheets 1, 2).

JOLIET ANTICLINE

The Joliet anticline is about 20 miles long and trends
N. 55° to 75° E. from the south border of the Lyk=ns
quadrangle to the southeast corner of the Tremont quad-
rangle. It is the crestal fold of the New Bloomfield anti-
clinorium and is the largest anticline in the southwestern
part of the area. The amplitude on the base of the Potts-
ville Formation ranges from 0 feet near Tremont to
about 12,000 feet in the southwestern part of the Lykens
quadrangle.

West of Lower Rausch Creek (GQ-691, 698, 701)
the Joliet anticline is a broad relatively symmetrical
flexure, but to the east, it gradually becomes sharver
and asymmetrical, the north limb being slightly steeper.
The dips of both limbs range from about 1° to 70° end
average about 30°. Crestal sections are well exposed in
the valley of Lower Rausch Creek and in strip pits a
short distance to the east on the Bottom Split (No. 8),
Middle Split (No. 814), Holmes (No. 10), and Primrse
(No. 11) coal beds (Wood and Trexler, 1968b, sheet 4).
Between Joliet and Lower Rausch Creek the axis is vell
known in the subsurface because of mining on the
Liykens Valley Nos. 14 coal beds.

ROEDERSVILLE ANTICLINE

The Roedersville anticline is the southernmost large
upwarp in the area. It trends about N. 75° E. for nearly
8 miles across the eastern part of the Pine Grove snd
Swatara Hill quadrangles (GQ-691, 689). The fold is
not well exposed, but structural attitudes and the strati-
graphic succession prove its existence.

Rocks as old as Late Silurian (Bloomsburg Ped
Beds) and as young as Late Devonian (Trimmers Rock
Sandstone) crop out on the crest and flanks of the
Roedersville anticline. The structural relief of the anti-
cline in the upper plate of the Sweet Arrow fault zone
averages about 1,500 feet.

The Roedersville anticline, Sweet Arrow fault zcne,
Blackwood fault, the overturned south hmb of the
Dauphin syncline, and the Pine Grove syncline proha-
bly formed at approximately the same time. As shown
on the structure sections (GQ-689, 691), a part of
the Roedersville anticline is believed to lie in the sub-
surface in the lower plate of the Sweet Arrow fault
zone about 1 mile south of the trace of the zone. The
placement of a part of the anticline in the upper plate
and a part in the lower plate of the Sweet Arrow fault
zone probably formed as follows. During the Apmwa-
lachian orogeny, the area between the present trovgh
of the Minersville synclinorium and Blue Mount~in
was subjected to gradually increasing deformation.
The Roedersville upwarp, flanked to the north by the
Dauphin downwarp, formed gradually. The limb be-
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tween the anticline and syncline was uplifted gradually
and oversteepen to the north. During the oversteepen-
ing, the major low-angle Blackwood thrust fault cross-
cut the limb, the trough of the syncline, the crest of the
anticline, and the south limb of the anticline. The
trough of the syncline deepened as compression and
faulting continued. The anticline grew in amplitude,
and the plane of the fault was warped gently over the
crest of the anticline. Movement on the fault, therefore,
was impeded, and the deforming forces sought release
through the northward-spooning low-angle Sweet
Arrow fault zone which formed at the crest and on
the south limb of the Roedersville anticline. As the fault
zone formed, rocks in the upper plate slid northwest-
ward from their original position on the crest and
south 1imb of the Roedersville anticline to their present
position above the overturned rocks of the common
limb of the anticline and Dauphin syncline in the lower

plate.
SYNCLINES

Many synclines are present in the area, but only the
larger are shown on the maps and sections (pl. 4;
GQ-689, 690, 691, 692, 698, 699, 700, 701; Wood and
Trexler, 1968b, ¢). In addition, only the larger or struc-
turally more important of these are described.

HECKSCHERVILLE SYNCLINE

The Heckscherville syncline trends N. 75° E. for
about 6 miles from a point about 3 miles west of Buck
Run in the Minersville quadrangle to the east border
of the area. It is the northernmost heavily mined syn-
cline in the west-central part of the Southern Anthra-
cite field.

Rocks of the Pottsville and Llewellyn Formations
crop out on the limbs and in the trough of the syncline,
both of which have been exposed at many places, partic-
ularly west of Mount Pleasant in strip pits on the
Bottom Split (No. 8), Top Split (No. 9), Holmes
(No. 10), and Primrose (No. 11) coal beds (Wood and
Trexler, 1968b, sheet 1). The axis and limbs are also
well known in the subsurface from workings of the
Glendower, Thomaston, Payne, and Pine Knot mines.

The amplitude of the Heckscherville syncline aver-
ages about 2,000 feet, and the geometry of the fold
is probably better known than that of any other syn-
cline in the area. Dips on the limbs range from about
10° to 70° and average about 50°. Mining data indi-
cate that the syncline is nearly symmetrical and that it
plunges gently east at 1° to 5°. The geometric con-
figuration, the sequence of coal beds, and the relation-
ship of the syncline to nearby folded low-angle thrust
faults are shown on the quadrangle and coal maps
(GQ-690; Wood and Trexler, 1968b, sheet 1) and on

the structure sections (Wood and Trexler, 1968b,
sheet 5, sections A-F).

Underground in the Thomaston mine near Heck-
scherville, the trough of the syncline has h-en dishar-
monically folded into two synclines and an anticline
(Wood and Trexler, 1968b, sheet 5, section B). The
disharmonic relations seem to have been caused by
differential bedding-plane slippage betweer coal, shale,
and sandstone sequences. Locally, the thickness of coal
beds and intervening rocks have been incre~sed several
times by the differential slippage.

LITTLE MOUNTAIN SYNCLINE

The Little Mountain syncline trends N. 55° to 70°
E. for about 5 miles from the central part of the Tre-
mont quadrangle to the west-central part of the
Minersville quadrangle (GQ-692, 690; Wood and
Trexler, 1968b, sheets 1-3). The Heckscherville syn-
cline is en echelon with the Little Mountain syncline
to the east. Mine workings indicate that as the Heck-
scherville syncline dies westward, Little Mountain
syncline dies eastward. The forces causing deforma-
tion apparently were transferred betweent the two
major folds across two minor intervening articlines and
a syncline.

Rocks on the limbs of Little Mountain syncline dip
from about 10° to 80°. The amplitude of the fold on the
Buck Mountain coal bed ranges from 0 feet at its
terminations to 2,500 feet in its midpart. Strata from
the middle part of the Tumbling Run Meaber of the
Pottsville Formation to the Top Split (No. 9) coal
bed of the Llewellyn Formation crop out ir. the trough
of the syncline, and rocks of the middle member of the
Mauch Chunk Formation are intermittently and poorly
exposed on the limbs. Axial sections are exposed in
several strip pits along the fold.

The Little Mountain syncline plunges eastward at 2°
to 4°. Near the common border of the Tremont and
Minersville quadrangles, it is linked structurally to the
Peaked Mountain anticline by a subsidiary anticline
and syncline. The linking folds plunge westward in the
opposite direction from the plunge of the major folds.

NORTH LITTLE MOUNTAIN SYNCLINE

The North Little Mountain syncline trends N. 60° to
80° E. from the east-central Valley View quadrangle
(GQ-699) to the south-central Tremont quadrangle
(GQ-692). Tt is en echelon with the Little Mountain
syncline to the east and the Deep Creek syncline to the
west. It is about 5 miles long and has an arcplitude of 0
to 2,500 feet on the base of the Pottsville Formation.
The limbs of the syncline dip from 1° to 50° and aver-
age about 40°.
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An axial section of the North Little Mountain syncline
is exposed where the paved road between Hegins and
Weishample crosses Little Mountain. Rocks as old as
the middle member of the Mauch Chunk Formation and
as young as the Tumbling Run Member of the Potts-
ville Formation crop out in the trough and on the limbs
of the syncline.

DEEP CREEK SYNCLINE

The Deep Creek syncline is about 13 miles long and
trends N. 60° to 85° E. from the west border of the
Klingerstown quadrangle (GQ-700) to the southeastern
part of the Valley View quadrangle (GQ-699). It is en
echelon with the North Little Mountain syncline. This
latter fold is en echelon with the Little Mountain
syncline, which is, in turn, en echelon with the Heck-
scherville syncline. The Deep Creek-Heckscherville syn-
clines and the Shiro-Donaldson synclines are the only
fold systems that extend completely across the area from
west to east.

The middle member of the Mauch Chunk Formation
is at the surface throughout the length of the Deep Creek
syncline. Rocks of this member are relatively soft and
easily eroded. As a result, the syncline underlies a wide
valley, in contrast to most other synclines in the area.

The Deep Creek syncline is one of the more tightly
folded flexures north of the Minersville synclinorium.
Its limbs and trough have been wrinkled into many
subsidiary folds, some of which are large enough to be
shown on maps and structure sections (pl. 4; GQ-699,
700).

The trough of the Deep Creek syncline is not well ex-
posed at any locality, but the existence of the fold is
authenticated by numerous outcrops on the limbs. Dips
at these outcrops range from 10° to 80° and average
about 20°. The amplitude of the syncline on the base of
the Mauch Chunk Formation seems to range from 0 feet
to about 2,500 feet and to average about 2,000 feet.

DONALDSON SYNCLINE

The Donaldson syncline trends N. 65° to east-west
for about 27 miles from the northwestern part of the
Lykens quadrangle to the east-central border of (pl.
4; GQ-690, 691, 692, 698, 701; Wood and Trexler,
1968b, ¢c) Minersville quadrangle and extends an un-
known distance east of the area. It is the north trough
of the Minersville synclinorium between the northwest-
ern part of the Liykens quadrangle and the southeastern
part of the Tremont quadrangle. East of the Tremont
quadrangle, the Donaldson syncline and the north
trough merge imperceptibly into the series of folds on
the north limb of the main trough of the synclinorium
as the structural relief is reduced gradually.

The axis of the Donaldson syncline is visible only
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in the northeastern part of the Tower City quadrangle
several miles east of Rausch Creek Gap, where an axial
section is exposed in a strip pit on the Tracy (No. 16)
coal bed (Wood and Trexler, 1968c, sheet 1). Many
hundreds of manmade and natural outcrops are pres-
ent on the limbs. The trough generally has been eroded
into a series of valleys and is surfaced by rocks of the
Llewellyn Formation, except in the westernmost 1 mile
where rocks of the Pottsville Formation crop out (GQ-
701; Wood and Trexler, 1968c, sheet 3). The limbs are
composed of rocks ranging stratigraphically from the
middle member of the Mauch Chunk Formation to the
2814 coal bed of the Llewellyn Formation.

West of the John Veith shafts in the central part of
the Minersville quadrangle (Wood and Trexler, 1968b,
sheet 2), Donaldson syncline is generally an isoclinal
fold. To the east it is asymmetrical, and its south limb is
overturned. This limb is also overturned near Donald-
son in the Tremont quadrangle (GQ-692). The dip of
the north limb ranges from about 10° to 70° S. and av-
erages about 45° ; the dip of the south limb ranges from
about 5° N. to 57° S. overturned.

The Donaldson syncline is the deepest downwarp in
the area, with the exception of the Dauphin syncline.
Its amplitude on the Buck Mountain (No. 5) coal bed
ranges from 0 feet at its west termination to about 7,00
feet at the east border of the Lykens quadrangle (GQ-
701). It maintains an amplitude of 4,000 to 7,800 feet
between the east border of the Lykens quadrangle and
Donaldson in the Tremont quadrangle (GQ-692). East
of the Donaldson, the amplitude decreases rapidly to
less than 1,000 feet over most of the Minersville qued-
rangle (GQ-690) and is about 700 feet at the east
border of the area.

The near-surface configuration of Donaldson syncline
is rather well known from much strip and underground
mining. At depth, however, the axis has not been crossed
by mining at any locality. The configuration at dep*h,
therefore, has been extrapolated from near-surface data
on the limbs and in the axial area (Wood and Trexl-r,
1968b, sheets 5, 6, sections B—P; 1968c, sheet 4, sections
A4-P).

TREMONT SYNCLINE

The Tremont syncline trends N. 75° to 85° E. for about
12 miles from the north-central part of Tower City que.d-
rangle (GQ-698) to the southwestern part of the
Minersville quadrangle (GQ-690). It terminates to the
west on the south slope of Big Lick Mountain and is
truncated to the east by the South Newtown fault. Rocks
of the Pottsville Formation crop out along the axis in
the western 2 miles, and those of the Llewellyn Forma-
tion crop out in the eastern 10 miles.

The axis and limbs of the Tremont syncline are well
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exposed at many places in the Tower City quadrangle
(Wood and Trexler, 1968c, sheet 1) where coal beds
from the Skidmore (No. 7) to the Orchard (No. 12)
have been extensively strip and underground mined.
The limbs crop out in many strip pits in the Pine Grove
quadrangle (Wood and Trexler, 1968b, sheet 4) but
rarely are exposed in the Tremont and Minersville
quadrangles (sheets 2, 3).

The subsurface configuration of the western part of
the Tremont syncline, like that of the Heckscherville
and Forestville synclines, is well known. Extensive
underground mine workings in the Westwood, Keefer,
Tower City, Porter, and Brookside mines and numer-
ous surface outcrops provide structural control that is
exceptional for the area (Wood and Trexler, 1968c,
sheet 4, sections A-@). Structure sections 4 through ¢
illustrate the westward change of the syncline from a
V-shaped fold in the midpart to a U-shaped fold near the
end.

The limbs of the Tremont syncline dip from 8° to 80°
and average about 60°. The fold plunges eastward at 3°
to 5°, and the amplitude ranges from 0 feet to about
5,000 feet and averages about 2,500 feet.

The Tremont syncline is the southernmost syncline in
the coal field whose south limb is not overturned. At its
eastern termination the trough is truncated by the
South Newtown fault. East of this cutoff, the rocks dip
south in both fault plates, which suggests that faulting
replaced folding as the stress-releasing mechanism.
Structure sections (Wood and Trexler, 1968b, sheet 5,
sections Z~G) west of the cutoff indicate that the syn-
cline loses amplitude eastward and that the trough
probably did not exist in the upper plate of the fault.

DAUPHIN SYNCLINE

The Dauphin syncline is the most deeply downwarped
and one of the more important synclines in the Anthra-
cite region, although others are longer. It forms the
south, or main, trough of the Minersville synclinorium
and extends at least 40 miles southeast of the area, and
an unknown distance eastward beneath the Blackwood
fault. It strikes N. 50° to 65° E. from the southwestern
part of the Tower City quadrangle to the west-central
part of the Pine Grove quadrangle (pl. 4; GQ-691, 698;
Wood and Trexler, 1968b, sheet 4; 1968c, sheet 2). The
trough and south limb are truncated by the Blackwood
fault near the junction of West Branch Fishing Creek
and Baird Run (pl. 4; GQ-691; Wood and Trexler,
1968b, sheet 4). East of this point to the east border
of the area, the trough lies below the fault plane; the
north limb is continuous, whereas the south limb is
broken by several lange tear faults.

The Llewellyn Formation is exposed in the trough
of Dauphin syncline, and rocks ranging in age from
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Middle Devonian (Mahantango Formation) to Late
Pennsylvanian (upper part of Llewellyn Formation in
part) form the limbs. The axis is everywhore concealed
but numerous strip pits and extensive underground mine
workings on the limbs show the near surfece configura-
tion of the syncline and indicate an eastwerd plunge of
14° to 3°. The dip of the north limb ranges from 30° to
85° S. and averages about 50° S. At most localities the
south limb is overturned northward, and the dip is 30°
to 89° S. and averages about 75° S.; localv however, it
is vertical or inclined steeply north.

The amplitude of the Dauphin syncline is unknown
because the south limb has been overturned and thrust
faulted, but it is at least 15,000 feet in the eastern part
of the area. The structural relief between the trough
and the crest of the adjacent Joliet anticline is about
12,000 feet in the western part of the area (GQ-701).

The snbsurface configuration of the Dauphin syn-
cline is illustrated on structure sections (GQ-690, 691,
698; Wood and Trexler, 1968b, sheets 5, 6, sections B-P;
1968c, sheet 4, sections A~V'). West of the intersection of
the trough and Blackwood thrust fault, the fold is
asymmetric, the rocks in the south limb ling slightly
overturned northward. East of the intersection, the
rocks in the upper and lower plates of the fault are
overturned. Because the rocks in the upper plate
represent a truncated part of the south limb of the
Dauphin syncline which has been displaced northward,
it is believed that the syncline is strong'y overturned
beneath the fault. As shown on the strusture sections
(GQ-690, 691, 698), the axial plane may approach
recumbency beneath Sharp and Second Mountains.

PINE GROVE SYNCLINE

The Pine Grove syncline is the southernmost large
downwarp north of the Great Valley in the Ridge and
Valley province. It trends N. 55° to 80° E. for about
16 miles from the southeast corner of the Tower City
quadrangle to the east-central border of the Swatara
Hill quadrangle (GQ-689, 691, 698). East of the area,
it extends at least 12 miles to the vicinity of New Ring-
gold. The trough and north limb are truncated in the
southeastern part of the Tower City quadrangle by the
Sweet Arrow fault zone, and the extent of the south
limb to the southwest is uncertain.

The trough of Pine Grove syncline is underlain by
rocks of the Trimmers Rock Sandstone and Irish Val-
ley Member of the Catskill Formation. The limbs con-
tain rocks ranging in age from Early Silurian (Tusca-
rora Sandstone) to Late Devonian (Irish Valley
Member of the Catskill Formation). The trough line is
more sinuous than that of most other syn-lines, reflect-
ing the comparative flatness of the limbs near the axis.
Dips near the axis commonly are less than 15° and
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rarely exceed 20°, but farther from the axis they range
from 20° to 65° and generally are about 25°.

Axial sections of the Pine Grove syncline are not ex-
posed. Several faults and smaller folds have broken
and wrinkled the syncline limbs. The larger of these are
the Applebee, Suedberg, Swope, and White Horse
faults; the Mill and Irving synclines; and the Out-
wood, Suedberg, and Swope anticlines (GQ-689, 691).
These structural features are believed to be confined
to the upper plate of the Sweet Arrow fault zone.

The Pine Grove syncline plunges eastward at 3° to 5°.
The amplitude is unknown but seems to increase east-
ward from a few hundred feet in the Tower City quad-
rangle to at least 5,000 feet in the eastern part of the
Swatara Hill quadrangle.

Structurally, the Roedersville anticline and Pine
Grove syncline form an isolated bulb-shaped area of
apparently slightly deformed upright rocks lying above
the Sweet Arrow fault zone and between overturned
highly deformed rocks of the south limb of the Miners-
ville synclinorium (south limb of the Dauphin syncline)
and the generally overturned and recumbent more high-
Iy deformed rocks of the Great Valley (see Gray and
others, 1960) . The bulbous shape of this area is reflected
by a corresponding northward curvature of the south
limb of the synclinorium and the trace of the Sweet
Arrow fault zone and by a southward curvature of the
north side of the Great Valley.

The presence of an area of upright rocks lying in the
midst of an overturned area is anomalous. It seems
probable that the Pine Grove syncline and Roedersville
anticline are the uneroded remnants of a lower upright
limb of a nappe or recumbent fold that was moved to
its present structural position along the Sweet Arrow
thrust fault zone. The inverted limb and upper upright
limb of the nappe have been removed by erosion in the
area, but their roots may be represented by overturned
and upright rocks in the Great Valley to the south.
The Sweet Arrow fault zone truncates the axis of the
Pine Grove syncline in the southeastern part of the
Tower City quadrangle. In the Indiantown quadrangle,
southeast of this point, the fault zone gradually begins
to truncate overturned rocks of the south limb of the
syncline or the inverted limb of the nappe. East of the
report area the Roedersville anticline and Pine Grove
syncline plunge out near New Ringgold. As these folds
terminate, the fault zone truncates the lower upright
limb and gradually cuts into the inverted limb. The
lower upright limb of the nappe, or the bulbous area
formed by the upright rocks of the anticline and syn-
cline, is, structurally eliminated southwest and northeast
of the report area by the Sweet Arrow fault zone cutting
upward into the inverted limb.

FAULTS

Numerous thrust, high-angle reverse, underthru<t,
bedding-plane, and tear faults fracture the rocks of the
area. Many of these are shown on the maps and secticms
(pl. 4; GQ-689, 690, 691, 692, 698, 699, 700, 701; Wond
and Trexler, 1968b, ¢), but by far the majority are not
shown because they are too small to depict at scales of
1:12,000 and 1 :24,000, or they were not exposed.

The density of mapped faults is greatest in that part
of the area underlain by anthracite. Exposures in strip
pits and in the many square miles of underground mine
workings have made possible the identification and trac-
ing of faults in this part of the area. Elsewhere, the
density of mapped faults is appreciably lower. In the
Ppast, this difference in density has been attributed to the
coal-bearing rocks being unusually susceptible to fault-
ing but it is probably because the faults can be iderti-
fied and traced more completely in mine workings. The
rocks in the larger natural exposures outside the co~l-
bearing area generally are cut by a multitude of faults.
Most of these are small, but many that appear to be
large cannot be traced beyond the limits of an outcrop.

One of the primary difficulties in fault terminoloxy
is that faults are arbitrarily termed “high” or “low en-
gle” with -eference only to their attitudes at present.
The commonly accepted division between high and low
angle is 45° to the horizontal. This arbitrary separation
of faults at 45° is usable and meaningful only if the
faults have not been folded subsequently. In this report,
therefore, high- and low-angle faults are classified on
the basis of whether they are believed to have dipped
more or less than 45° at the time of faulting. If a fault
is believed to have had an initial dip different from the
present dip, reasons are presented for that belief.

Faults that trend parallel or subparallel to the re-
gional structural grain, whose hanging wall moved up-
wards, and whose attitudes at the time of faulting ere
believed to have been less than 45°, are termed “thrusts”
in this report. Many thrust faults have been folded, and
their original attitudes and structural parallelism have
been obscured.

Faults whose hanging walls moved upwards and
whose attitudes at the time of faulting are believed to
have been more than 45° are termed “high-angle re-
verse faults.” Some have been folded or tilted ; but most
are not folded, or are at most, slightly warped.

Faults that trend parallel or subparallel to the re-
gional structural grain and whose footwalls moved up-
ward are termed “underthrusts,” irrespective of their
angle of dip. Underthrusts formed during all stages of
the deformation of the area. Therefore, those tlat
formed in the early stages of deformation were folded
in later stages.
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Faults that trend at considerable angles to the regional
structural grain and whose primary movements were
in general parallel to fault traces are termed “tear
faults.” The larger tear faults are the terminations of or
the imbrications from thrust faults. Near the termina-
tion of some thrusts, the strike swings more to the south,
and the slip gradually shifts from upward, to the north-
west, on the thrust part to horizontal on the tear part.
The other tear faults are considerably smaller and are
the result of differential structural adjustments within
individual thrust blocks. Most tears dip steeply to the
east near the surface, but at depth the dip of the larger
tears is believed to decrease gradually to nearly hori-
zontal, as would be expected on combined thrust and
tear planes.

Faults with planes parallel or nearly parallel to bed-
ding attitudes of adjacent rocks are termed “bedding-
plane faults.” They seem to have formed during all
stages of deformation and are, therefore, high angle
and low angle and folded and nonfolded. Their paral-
lelism to bedding and their infrequent exposure makes
them difficult to date with reference to other fault types
or to attempt to classify their angular relations to the
horizontal at the time of faulting. The Short Mountain
fault is the only bedding-plane fault shown on the
maps of this report. It isidentified as a thrust (GQ-701;
Wood and Trexler, 1968c, sheet 3) because its plane
locally cuts the bedding. Other faults of this type may
be present but could not be recognized.

LOW-ANGLE FOLDED THRUST AND UNDERTHRUST FAULTS

Low-angle folded thrusts and underthrusts generally
are the largest and most complex faults in the area.
Some extend over and through several anticlinal crests
and synclinal troughs. They are difficult to trace on the
surface because of extensive cover and vegetation, the
low angle between their planes and truncated strata,
and the general similarity of offset strata at many
localities. It is doubtful that most of the mapped folded
faults would have been discerned without substantiat-
ing evidence from mine workings.

The larger folded faults are confined to the Mahan-
tango, Mauch Chunk, and Pottsville Formations, the
Trimmers Rock Sandstone, and the lower part of the
Llewellyn Formation. They are confined to these for-
mations probably because of differences in competency
between sequences dominated by sandstone and con-
glomerate and sequences dominated by shale and coal.

In many localities where competent rocks overlay in-
competent rocks, the folded low-angle faults formed as
thrusts on which the upper more competent plate tore
loose from the more incompetent lower plate and over-
rode it for varying distances. Elsewhere in those locali-
ties where incompetent rocks overlay competent rocks,

the folded low-angle faults formed as underthrusts, the
lower competent plate moving away from the source of
compression at a faster rate than the upper incompetent
plate. The incompetent plate generally crumbled into a
series of folds.

FISHER RIDGE FAULT

The Fisher Ridge fault, the westerrmost folded
thrust fault, is on the crest and flanks of the Broad
Mountain anticlinorium in the central part of the
Klingerstown quadrangle (GQ-700). It seems to have
originated in the upper beds of the upper shale member
of the Mahantango Formation and to have cut upward
into the basal and medial parts of the Trimmers Rock
Sandstone. The plane of the fault is not exposed, but
its existence is proven by beds both above and below
being truncated and offset along a persistent discord-
ancy which is traceable on both limbs of the Hoof-
lander Mountain anticline and across the crest of the
North Hooflander Mountain anticline as well as across
the trough of the Hooflander Mountain s7ncline.

HEGINS FAULT

The Hegins fault may not be a single continuous
fault. A fault is exposed at three localities along its hy-
pothetical trace: north of Spring Glen in the Valley
View quadrangle (GQ-699), about half @ mile north-
west of Coleman Church in the Klingerstown quadran-
gle (GQ-700) and about 0.2 mile south of Klingers
School in the Tremont quadrangle (G(,-692). Else-
where, the fault separates structurally discordant strata
or is completely undiscernible between parallel beds
above and below. Therefore, it has been shown as a
doubtful fault throughout most of its length.

The trace of the Hegins fault is sinuous and trends
generally northeastward. It enters the area in the north-
west corner of the Lykens quadrangle (GQ-701) and
trends about N. 80° E. for 8 miles to a point where it
crosses the northeast-plunging West West, Falls anti-
cline (GQ-699). On the north flank of the anticline it
trends nearly due west for slightly more than 714 miles
to where it crosses the axis of the Deep C-eek syncline
as a sharp horseshoe bend (GQ-700). Thence, it trends
about N. 80° E. on the north flanks of the Deep Creek,
North Little Mountain, and Little Mountain synclines
for about 20 miles to the axis of the Hans " ost anticline
in the east-central part of the Tremont quadrangle
(GQ-692), where its trace reverses sharply to about
N. 80° W. for about 1 mile to the axis of the Jugular
syncline (GQ-692). After folding around this axis, it
continues a sinuous trend of N. 30° E. for about 4 miles
to the northeast corner of the Tremont quadrangle
(GQ~692), where it joins the underlying Mauchono
fault.
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The entire trace of the Hegins fault is in the middle
member of the Mauch Chunk Formation and generally
separates older strata above from younger strata below.
In the three places where the fault is exposed, drag
folds, slickensides, offset beds, and overturned beds
were observed. Elsewhere, mappable sequences in the
formation that consist largely of shale or sandstone have
been truncated both at the top of the lower plate and the
base of the upper plate.

From its northeast end across the Tremont quad-
rangle and almost-to the west side of the Valley View
quadrangle, the Hegins fault lies at or near the base of
red sandstone sequence B (GQ-690, 699) in the upper
plate and several hundred feet above the same sequence
in the lower plate. Between the west side of the Valley
View quadrangle and a point near where the fault
crosses the Deep Creek syncline (GQ~700) it separates
strata several hundred feet above red sandstone unit B
in the lower plate from strata of an older sandstone,
unit C, in the upper plate, except for a short distance
in the southeast corner of the Klingerstown quadrangle
where the fault rises stratigraphically into sandstone
sequence B in the upper plate. From a point on the
north flank of Deep Creek syncline near where the
Hegins fault crosses the axis and thence on the south
flank nearly to the southeast corner of the Klingers-
town quadrangle, the fault separates a younger sand-
stone sequence A in the lower block from strata several
hundred feet below sandstone sequence C in the upper
block. On the north flank of the West West Falls anti-
cline in the southeast corner of the Klingerstown quad-
rangle, around the nose of the plunging anticline, and
along the south flank to the west side of the Lykens
quadrangle (GQ-701), the Hegins fault is principally
between sandstone sequence B in the lower plate and
sandstone sequence C in the upper plate.

The Hegins fault cuts somewhat irregularly through
the beds of the middle member, but about 1,000 feet of
strata are added to the base of the upper plate between
itsnortheast end and the Liykens quadrangle as the fault
cuts downward stratigraphically from the lower part
of sandstone sequence B into the upper part of sand-
stone sequence C (GQ-692, 699, 700). The fault also cuts
downward into the lower plate about 800 feet between
its northeast end (GQ-692) and a point on the north
flank of the Deep Creek syncline about 1,500 feet from
where it crosses the axis (GQ-700). In this last 1,500
feet, the fault rises stratigraphically towards the axis,
and about 1,000 feet of beds is added to the top of the
lower plate. On the flanks of the West West Falls anti-
cline the fault again cuts downward into the lower plate
and truncates 1,500 to 2,000 feet of strata. Thus, the top

of the lower plate has a stratigraphic range of at least
2,000 feet.

At most places the Hegins fault is believed to cut the
bedding at an angle of 10° to 20° (GQ-690, 692, 698, 699,
701, structure sections), but locally, as in the trougl of
the Deep Creek syncline, the angle appears to be as
great as 45° (GQ-700, structure sections).

Genetically, the Hegins fault appears to be a Iow-
angle or slightly discordant bedding-plane thrust that
passes into the subsurface to the southeast where its
exact nature is concealed. The fact that the west and
central parts of the fault trend from N. 80° E. to e~st-
west, generally pass beneath the surface to the south-
southeast, and generally rise above the surface to the
north-northwest suggests that the upper plate of the
fault along these parts of the fault moved chiefly north-
ward. However, the upper plate along the eastern part
of the fault (GQ-692) may have moved more to the
west because that part of the fault trends about N. 20°
E. and generally passes into the subsurface to the east-
southeast.

The junctioning of the Hegins and Mauchono faults
in the northeast corner of the Tremont quadrar<le
(GQ-692) resulted from an upward truncation of the
intervening beds by the Upper Mauchono fault whereas
the Hegins remained approximately parallel to bedding.

The amount of displacement on the Hegins faul* is
unknown. However, the minimum stratigraphic dis-
placement is about 14 mile, and with the generally low
angle of truncation of beds, the dip slip necessary to
produce that displacement would be 1 to 3 miles. The
actual displacement may be much greater than this
minimum amount of dip slip.

MAUCHONO FAULT

The Mauchono is the only folded underthrust fault
identified in the area. It is not exposed, but its presence
is revealed at many places by the strong discordance of
beds above and below. Elsewhere, it separates slightly
discordant strata or is undiscernible in the midst of
apparently concordant strata where stratigraphic units
are known to be missing. Locally, because of doubt as
to its existence, the Mauchono is classified as a doubtful
or probable fault.

The Mauchono fault is a detachment between compe-
tent rocks below and incompetent rocks above. The de-
tachment plane in general parallels the underlying ro-ks
and truncates the overlying rocks. Truncated ends of
the overlying rocks have not been found below the
detachment. The parallelism of underlying rocks snd
the lack of correlative truncated ends clearly show that
the Mauci.ono fault is not a conventional thrust. T"is
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failure to conform to conventional characteristics has
baffled the authors for years. If the fault is a thrust,
correlatives of the truncated ends must lie below the
detachment plane. Structural relations across the fault
indicate that the only places where this could occur is in
the trough of the Deep Creek syncline and the north
trough of the Minersville synclinorium. Surface geo-
logic relations, however, indicate that the correlative
ends are not in these troughs. The authors, therefore,
reluctantly have been forced to classify the Mauchono
fault as an underthrust where underlying competent
beds moved toward the axis of the Broad Mountain
anticlinorium, pierced deeply into the overlying in-
competent beds, and at the same time crumbled and
attenuated the overlying beds. If this interpretation is
incorrect, the authors are at a loss to explain how the
Mauchono detachment formed.

The Mauchono fault enters the area in the southeast
corner of the Klingerstown quadrangle (GQ-700) and
trends N. 80° to 85° E. to near the west border of the
Tremont quadrangle (GQ-692). At that point the trend
changes, and the fault strikes N. 50° E. to where it
leaves the area at the northwest corner of the Tremont
quadrangle. Throughout this distance the Mauchono
lies on the south slope of Mahantango Mountain. North
of the area, it folds across the crest of the east-plunging
Broad Mountain anticlinorium and then trends slightly
south of west on the north slope of Line Mountain to
where it intersects the northern boundary of the Tre-
mont quadrangle about midway between the east and
west borders. From this point it trends approximately
west on the north slope of the mountain across the
northern part of the west half of the Tremont quad-
rangle and the northern parts of the Valley View and
Klingerstown quadrangles (GQ-699, 700).

Near Erdman in the Klingerstown quadrangle the
Mauchono splits into two branches for about 2,000 feet.
Across much of the Tremont quadrangle it consists of a
lower main fault and an upper branch known as the
Upper Mauchono fault. It crops out in a fenster, or
structural window, on the crest of the West West Falls
anticline near Gratz (GQ-701). The oldest beds of the
middle member of the Mauch Chunk that are preserved
in the upper plate of the fault crop out directly west of
the fenster.

Except for three localities in the Tremont quadrangle
(GQ-692), the Mauchono rests everywhere upon the
lower mappable shale unit of the middle member of
the Mauch Chunk. The three exceptions are 1.5 to 2.0
miles southwest of Weishample, near Salem Church, and
0.7 to 0.8 mile northwest of St. John’s Church. At each
of these localities the fault cuts stratigraphically down-
wards several hundred feet through the lower shale unit

into the upper part of the lower member cf the Mauch
Chunk. Thus, beds below the Mauchono fault are at
nearly the same stratigraphic horizon throughout its
extent.

The relations between the Mauchonn fault, its
branches, and the rocks in the upper plate are more
complex than those described for the lower plate. Loc-
ally, the fault plane rises or falls with ref-rence to the
base of the upper plate, but regionally, it rises strati-
graphically upwards into the upper plat> to the east
and to the north. For example: on the south limb of
the Broad Mountain anticlinorium the fault cuts off
2,400 to 2,500 feet of the middle member of the Mauch
Chunk eastward from the base of the upper plate.
Also, in the fenster near Gratz (GQ-701), about 1,500
feet of strata is truncated eastward. Similarly, the
fault cuts 2,700 to 2,900 feet of the middle member
from the base of the upper plate northward across the
anticlinorium. In fact, the amount of truncation in
this direction in the eastern part of the Tremont quad-
rangle (GQ-692) is so great that red sandstone se-
quence A, which lies directly below the upper member
of the Mauch Chunk on Sherman and ILittle Moun-
tains, is in contact with the Mauchono fault to the
north of Line Mountain.

The amount of slip on the Mauchono fault is un-
known. On structure sections (GQ-690, 692, 698, 699,
700, 701) the fault is shown as an underthrust which
truncates the bedding of the upper plate at angles of
5° to 25° and is virtually parallel to the bedding of
the lower plate.

Genetically, the Mauchono underthrust formed in
the following manner. Paleozoic rocks in and adjacent
to the area were torn loose from the uncerlying Pre-
cambrian basement complex and transported an un-
known distance to the northwest during the Appala-
chian orogeny. Many small to large folds formed in
the Paleozoic rocks above a smooth southeast-sloping
upper surface of the basement complex. The rocks in
the larger folds could only move upwarc or laterally
above the smooth surface of the complex. As a result,
rocks in the cores and on the flanks of the larger anti-
clines moved upward toward the axial areas of the
anticlines instead of downward into the trough of
the adjacent synclines. The Mauchono fault formed
on the crest and flanks of the Broad Mountain anticli-
norium as a detachment separating less conpetent rocks
of the middle part of the Mauch Chunk ITormation in
the upper plate from more competent rocks of the
lower part of the formation in the lower plate. Be-
cause the more competent rocks in the lower plate could
not move downward into the troughs of the adjacent
synclinoriums, they moved upward to accommodate
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spatially to the rising anticlinorium. Inasmuch as they
were the transmitters of stress, they tore loose from the
overlying less competent rocks, moved upward relative-
ly faster, and locally attenuated, pierced, and crumbled
the less competent rocks. This mechanism of fault for-
mation may have been extremely prevalent throughout
the folded Appalachians, but it has not been described

heretofore.
POTTCHUNK FAULT

The Pottchunk fault is believed to be the largest and
most complex low-angle folded thrust in the area. On
the geologic maps (pl. 4, GQ-690, 691, 692, 698, 699,
701) this fault is classified as “probable” because it has
not been observed at the surface and because the regional
discordancy at the Pottchunk horizon may be an angu-
lar unconformity that has been faulted at many
localities. '

Throughout the northern and western parts of the
area, the upper member of the Mauch Chunk Formation
rests discordantly upon different beds of the middle
member. Although the discordancy is not exposed at
the surface, it is exposed in tunnels and shafts of the
Brookside mine and in the Big Lick Mountain, Gratz,
Porter, and Shiro tunnels of the Tower City and Ly-
kens quadrangles (GQ-698, 701). In each of these un-
derground exposures the discordancy is a fault, and
sedimentary structures that are suggestive of an angular
unconformity are absent.

The Pottchunk fault between the south border of the
Lykens quadrangle and the north border of the Miners-
ville quadrangle lies successively on the lower and mid-
dle slopes of Stony, Big Lick, Short, Coal, Bear, and
Broad Mountains (GQ-690, 701). In the northernmost
parts of the Tremont and Valley View quadrangles, it
lies on the south slope of Mahanoy Mountain whose
crest lies north of the area (GQ-692, 699).

The trace of the Pottchunk is extremely sinuous. It
zigzags back and forth with a general northeast trend
between the south border of the Lykens quadrangle
(GQ-701) and the north border of the Minersville
quadrangle (GQ-690). Local trends of the trace, how-
ever, range from the extremes of due east to due west.
The fault reenters the northern part of the area about
midway along the north border of the Tremont quad-
rangle (GQ-692) trends slightly south of west, and
leaves the area again in the northeast corner of the
Valley View quadrangle (GQ-699), trending north-
west. The sinuous trace results from the fault having
been folded across 11 synclines and 11 anticlines. Prin-
cipal among these folds are the Dauphin, Donaldson,
Dam, North Little Mountain, Jugular, Beury, and New
Boston synclines and the Joliet, West West Falls,

Peaked Mountain, Hans Yost, Power Hill, Eisenhuth
Run, and Frackville anticlines.

Throughout much of the northern and western pacts
of the area the plane of the Pottchunk fault lies at or
near the base of the upper member of the Mauch Chrnk
Formation. There are three exceptions to this generali-
zation. One is in the northwestern part of the Lyk-ns
quadrangle (GQ-701). There, the upper member thins
gradually westward on Big Lick, Coal, and Short
Mountains from an average thickness of about 500 feet
at the east border of the quadrangle to 0 feet at Shiro
tunnel. This westward thinning is due to truncation
from the base up of the upper member by Pottchunk
fault. However, a normal stratigraphic thickness of the
member, about 500 feet, is present between splits of the
fault in outcrops that lie 0.5 mile south of Shiro tunnel,
and a similar thickness is preserved beneath the fanult
in the trough of Shiro syncline a few hundred feet west
of the Liykens quadrangle. These outcrops prove beyond
doubt that Pottchunk fault truncates about 500 feet of
the upper member from the base of the upper plate.
They also prove that, locally, the upper member lies
beneath the plane of the fault. The second exception is
in the northern parts of the Tremont and Valley View
quadrangles (GQ-692, 699) where a few feet of the
middle member overlie the fault. The third exception
is in the east-central and southern parts of the Lykens
quadrangle and the western and central parts of the
Tower City quadrangle (GQ-698, 701). There, several
hundred feet of the middle member are believed to over-
lie the fault.

The Pottchunk fault truncates the rocks of the lower
plate irregularly at many places in the area. Although
the localities where the truncations are the most gro-
nounced invariably are obscured by talus deposits, the
discordant relations between the fault and the rocks of
the lower plate are determinable from the stratigraphy
of the upper part of the middle member of the Mauch
Chunk Formation. Red sandstone map unit A has bren
labeled on the maps and sections so that the discordant
relations can be determined by using it as a strati-
graphic marker. Unit A lies about 900 feet below the
Pottchunk fault in the northwestern part of the Miners-
ville quadrangle (GQ-690). From there to a pcint
about 4 miles east of the west end of Little Mountein,
the fault cuts downward more than 900 feet into the
lower plate and through unit A (GQ-692). It then cuts
upward so that it intersects unit A near the troughb of
the North Little Mountain syncline. From the trougl to
a point south of Hegins, the fault rests on unit A. From
the latter point to a point midway across the Lykens
quadrangle (GQ-698, 701), the fault generally over'ies
unit A, but locally, cuts upward or downward for short
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distances. West of the point midway across the Lykens
quadrangle, the fault gradually cuts stratigraphically
upward, so that more than 2,800 feet of the middle
member overlies unit A at the west edge of the quad-
rangle. Thus, regionally from the northwestern part of
the Minersville quadrangle to the west border of the
Lykens quadrangle, more than 1,900 feet of the middle
member are added to the lower plate of Pottchunk fault,
and the total stratigraphic range of beds at the top of
the lower plate is in excess of 2,800 feet.

The relationship between the Pottchunk fault and the
lower plate is uncertain on Short, Big Lick, and Stony
Mountains in the Tower City and Lykens quadrangles
(GQ-698, 701).

At most places the Pottchunk fault cuts the bedding
of the lower plate at an average angle of less than 10°
and is parallel or subparallel to the bedding of the
upper plate.

The slip of the Pottchunk fault is unknown and prob-
ably will remain unknown until the fault has been com-
pletely mapped and understood. Based on the large-
scals truncation of the beds in the lower plate, the slip
seems to be large and may be measureable in miles. If so,
the Pottchunk is an overthrust. Within the area it is
unique because it is the only large fault that has moved
younger rocks in the upper plate over older rocks in the
lower plate. The general northeast trend of the fault
and similar trends on numerous imbricate faults suggest
that the direction of movement was to the northwest.

The Pottchunk fault generally separates the incom-
petent middle member of the Mauch Chunk Formation
from the overlying more competent upper member of
the Mauch Chunk Formation and the Pottsville Forma-
tion. It seems probable that the fault formed near the
horizon separating these competent and incompetent
rocks because of the differential capabilities of these
rocks to transmit compressive forces during the defor-
mation of the area. The overlying competent sequence
apparently tore loose or detached from the less compe-
tent sequence at the horizon where the differences in
competency were the most pronounced and then moved
northwestward, away from the source of compression.
The underlying less competent sequence, being less
capable of transmitting the compressional forces,
therefore crumpled into folds which were not propa-
gated above the fault. Assuming that this interpretation
is correct, the Pottchunk fault is a detachment over-
thrust which moved a competent virtually unfolded se-
quence across an incompetent folded sequence.

TUNOCONFORMITY VERSUS STRUCTURAL ORIGIN OF HEGINS, MAUCHONO,
AND POTTCHUNK DISCORDANCIES

Geologists visiting the Anthracite region commonly
have questioned whether the Hegins, Mauchono, and
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Pottchunk discordances are faults, angular unconform-
ities, or faulted angular unconformities. Qne of the
authors of this report (Trexler, 1964) arg—ed that the
discordances are faulted unconformities. Subsequently,
he and the other authors have reevaluated the discord-
ancies and have concluded that they are faults. The fol-
lowing reasons led to this conclusion.

1. The discordancies are at faults wherever exposed.

2. Channel deposits, soil zones, and weathered zones in
the rocks beneath the discordancies, which com-
monly are associated with unconformities, are
absent.

3. Mauchono discordancy parallels or nearly parallels
underlying strata, but is angular to overlying
strata at many places. Locally, across the Board
Mountain anticlinorium (GQ-692), ovrlying beds
are truncated against the discordancy at a rate of
1 foot of stratigraphic thickness for each 4 feet of
horizontal distance. The overlying beds that are
angular to the discordance do not appear to be
foreset beds or other types of beds deposited with
an initial dip angular to the plane of discordance.
The fact that this discordancy parallels underly-
ing rocks, rather than being angular to them, and
is strongly angular to overlying rocks, indicates
that the Mauchono is a fault rather th~n an angu-
lar unconformity.

4. Some of the youngest rocks in the plate between the
Hegins and Mauchono discordancies are preserved
where these discordancies join in the northeastern
part of Tremont quadrangle (GQ-692). About
1,200 feet of rock is added to the base of the section
eastward above the Mauchono discordancy in a
distance of 214 miles west of the point of junction,
and about 200 feet is added to the top c* the section
westward and below the Hegins discordancy. If
the discordancies are eastward-merging angular
unconformities, the opposing directions of ero-
sional truncation indicate that during Mauch
Chunk time a very small part of the area in the
Tremont quadrangle underwent the following se-
quence of events: Deposition of the asal part of
the middle member, erosion, tilting to the west;
deposition of the medial part of the riddle mem-
ber, tilting to the east, erosion; and csposition of
the upper part of the middle member. Such a com-
plicated sequence of events is not recorded else-
where in the area by these discordancies or by
rocks of the middle member. The beds that termi-
nate against the Mauchono discordancy below and
that are truncated by the Hegins discordancy above
are alternating units of red sandstone and red
shale. The shale units are laminated and seem to
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have been deposited as horizontal beds. Therefore,
neither angular initial dip nor angular unconform-
ities seem to explain the discordancies, whereas the
observed relations are consistent with faulting
along the discordancies.

5. The Mauchono and Pottchunk discordancies are re-
gionally subparallel to each other but are irregu-
larly angular to the intervening strata (GQ-690,
691, 692, 698, 699, 700, 701, structure sections). This
angularity between the discordancies and interven-
ing strata is most pronounced in the northeastern
part of Tremont quadrangle (GQ-692). There, red
sandstone map unit A and adjacent map units un-
derlie the Pottchunk discordancy on Little and
Broad Montains but rest on the subjacent Mauch-
ono discordancy a few miles to the north on Line
Mountain. Several thousand feet of the middle
member of the Mauch Chunk that are older than
unit A terminate northward against the Mauchono
discordancy between Little and Line Mountains.
Similarly, several thousand feet of rock younger
than unit A that are not present on Little Moun-
tain come in beneath the Pottchunk discordancy.
If the discordancies are subparallel angular uncon-
formities, these relations are difficult to understand
without a southward tilting and then a northward
tilting of the same small area which in reason 4
had a westward tilting followed by an eastward
tilting. Obviously, the directions of tilting deter-
mined in reasons 4 and 5 are not compatible. In
addition, the units that are inclined to the dis-
cordancies are too diverse lithologically and too
uniform in bedding over large areas to have been
deposited with pronounced initial dips. However,
the relations between the subparallel discordancies
and the inclined strata are expectable if they are the
result of faulting and truncation of the interven-
ing inclined strata.

6. Rocks of the middle member of the Mauch Chunk
are truncated irregularly by the Pottchunk dis-
cordancy ; but they do not have a distinetly differ-
ent fold pattern, as would be expected if they had
been deformed before the development of an un-
conformity. Instead, the pattern of truncation is
that of a fault ridging and furrowing into its
lower plate.

7. The Dyer Run, Hans Yost, Jugular, and Mine Hill
faults are large well-authenticated low-angle
folded thrusts whose displacements range from
500 to 4,500 feet (GQ-692, 690; Wood and Trexler,
1968b, sheets 1-3, 5). These faults extend downdip
to the Pottchunk discordancy but do not extend
below it. Because they do not extend below the
discordancy, their large displacements must repre-

sent similar displacements along the discordancy.
Thus, these faults are considered imbricate thrusts
rising from a master fracture, the Pottchunk fault.

8. If the Pottchunk discordancy is an unconformity,
developing at the end of the middle member time,
beds of that member should not overlie the dis-
cordancy, and beds of the upper member should
not underlie it. As indicated in the description of
the fault, however, beds of the upper member un-
derlie the discordancy in the western part of the
Lykens quadrangle (GQ-701) and those of the
middle member overlie it at places in the Lyl-ens,
Tremont, Tower City, and Valley View quad-
rangles (GQ-692, 698, 699, 701). These relations
are consistent with a fault origin of the discordancy
and argue against an unconformity.

The evidence in the preceding paragraphs indicates
that the Hegins, Mauchono, and Pottchunk discordan-
cies are faults. It also indicates that the Hegins and
Mauchono faults were not emplaced on angular un-
conformities. However, the Pottchunk fault may have
been emplaced on an unconformity that provided a con-
venient zone of structural weakness.

IMBRICATE FAULTS FROM THE POTTCHUNK FAULT

A series of folded low-angle imbricate faults that
root in the Pottchunk fault crop out in the northeastern
part of the area. From north to south they are the Hans
Yost, Dyer Run, and Jugular faults and the numerous
branches of the Mine Hill fault complex (pl. 4; GQ-
690, 692; Wood and Trexler, 1968b, sheets 1-3). }ine
and field data show that these faults break across the
Pottsville and Llewellyn Formations and the upper part
of the upper member of the Mauch Chunk Formation
at angles of 5°+ to 15°=* with dip slips ranging from
500 to 4,500 feet. These faults have not been found in
the middle member of the Mauch Chunk. Therefore,
after cutting through the upper member they rust
merge into a master fault, the Pottchunk. The data also
show that the dip slips on the imbricate fault decre~ses
updip, probably because of an upward absorption of
deformation by folding rather than by faulting. The
locations and orientations of these faults do not seem to
have been controlled in any manner by folds, which sug-
gests that the faults formed either before or during the
early stages of folding.

Several high-angle reverse faults are believed to inter-
sect the Pottschunk fault at depth in the central part
of the area and could be mistaken for imbricating frac-
tures (GQ-690 691, 692, 698, 701). Principal among
these are the Newtown, South Newtown, Red Mountain,
and Tremont faults. They differ from the imbri~ate
faults by cutting across the bedding at angles of 5° to
90° rather than at angles of 5°= to 15°+ and by having
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slips that increase updip rather than downdip. These
high-angle fractures formed at or near the crests and
troughs of high folds as compression was released by
faulting rather than by continued folding. Thus, they
probably formed during the late stages of folding rather
than before or during the early stages.

Hans Yost foult

The Hans Yost fault rises from the Pottchunk fault
on the south limb of the Hans Yost anticline in the east-
central part of Tremont quadrangle (GQ-692) and
merges upward with Dyer Run fault on the common
limb of the Jugular syncline and Powder Hill anticline
about 1.8 miles east of the west border of the Miners-
ville quadrangle (GQ-690). Between the points of sep-
aration and junction it is folded across the crest of the
Hans Yost anticline and the trough of the Jugular
syncline.

The Hans Yost fault is not exposed, but its trace can
be mapped by scattered outcrops of displaced and de-
formed rocks. The greatest stratigraphic displacement
is at the trough and on the north limb of the Jugular
syncline in the east-central part of the Tremont quad-
rangle where the Liykens Valley Nos. 4 and 5 coal beds
and contiguous rocks of the Tumbling Run and Schuyl-
kill Members of the Pottsville Formation are repeated
(GQ-692; Wood and Trexler, 1968b, sheet 1). The slip
is difficult to determine at the surface because of the
subparallel attitudes of strata across the fault. Com-
bined drill-hole and surface geologic data, however, in-
dicate the upper plate moved northwestward about 2,000
feet in the vicinity of the trough of the Jugular syn-
cline. The slip at other localities is unknown, but it is
believed to decrease gradually eastward to about 500
feet where the Hans Yost and Dyer Run faults join.

Dyer Run foull

The Dyer Run fault rises from the Pottchunk fault
on the south limb of the Hans Yost anticline in the east-
central part of the Tremont quadrangle (GQ-692). Be-
tween this point and the west border of the Minersville
quadrangle (GQ-690), it is folded successively across
the Hans Yost anticline and Jugular syncline and onto
the south limb of the Powder Hill anticline. East of the
border it lies on the south limb of the anticline and
strikes about N.75°E. across the northern part of the
quadrangle. The subjacent Hans Yost fault joins the
Dyer Run fault about 0.5 mile northwest of Mount
Pleasant.

Although the Dyer Run fault is not exposed, numer-
ous stratigraphic offsets indicate its existence and loca-
tion. The more pronounced of these offsets are at the
trough of the Jugular syncline where the Lykens Valley
Nos. 4 and 5 coal beds of the Tumbling Run Member of
the Pottsville Formation are repeated and in the north-
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central part of the Minersville quadrangle where the
Tumbling Run Member rests on the Schuylkill Member
of the Pottsville (Wood and Trexler, 1968b, sheet 1).

The Tumbling Run overlies the Dyer Run fault every-
where except near the root, where the upper member of
the Mauch Chunk locally overlies it. The failt rests suc-
cessively on the upper member of the Maucl Chunk and
the Tumbling Run, Schuylkill, and Sharp Mountain
Members of the Pottsville in the lower plate between
the root and a point about 0.5 mile northwest of Mount
Pleasant (GQ-690). East of the point near Mount
Pleasant, the fault cuts downsection in the lower plate
into the underlying Schuylkill to a locality about one-
half mile west of Dyer Run. From that point to the
east border of the Minersville quadrangle, t]-~ fault rests
on the Tumbling Run Member.

Surface truncations of stratigraphic units are of little
value in determining the slip of the Dyer Run fault
because of the nearly parallel attitudes between the fault
and adjacent strata. However, in the vicinity of the
trough of the Jugular syncline, combined d-ill-hole and
surface geologic data indicate that the ugver plate of
the fault slipped northwestward about 2,00 feet. The
drill holes that provided the subsurface data were not
found in the field, but their coordinates indicate that
they were in the outcrop belts of the Sharp Mountain
and Schuylkill Members southeast of Mount Pleasant
Fire Tower (Wood and Trexler, 1968b, shests 1, 5). The
slip of the Dyer Run fault west of the place where it
joins the Hans Yost fault probably average- about 2,000
feet, but just east of that point it may react a maximum
of 2,500 feet. The slip seems to decrease grrdually east-
ward from this maximum to about 200 feet at the east
border of the Minersville quadrangle.

Jugular foult

The Jugular fault is one of the better known folded
thrusts in the southern part of the Anthracite region.
It was first recognized near the beginning of this cen-
tury by the Reading Anthracite Co. of the Philadelphia
& Reading Corp. and may have been the first thrust
fault to have been recognized in the region. It rises from
the Pottchunk fault on the south limb of the Hans
Yost anticline in the east-central part of the Tremont
quadrangle (GQ-692) and in a distance of about 214
miles successively truncates, in the lower plate, the
south limb and crest of the anticline, the sfouth limb of
the Jugular syncline, and the trough of the syncline.
From the trough to the east border of th: Minersville
quadrangle (GQ-690) it strikes about N. 80° E., sepa-
rating the north limbs of the Heckscherville and Jugu-
lar synclines.

Throughout its extent in the area, the Jugular fault
has moved older rocks northward over younger rocks
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and it is in all respects a typical low-angle thrust. At
the surface in the central and eastern parts of the
Minersville quadrangle, it separates the Heckschersville
syncline from the underlying Jugular syncline, and in
the western part of the quadrangle and in the Tremont
quadrangle it breaks the north limb of the Little Moun-
tain syncline. In the subsurface south of these synclines,
it is folded successively across the axes of the Peaked
Mountain anticline, Rohresville syncline, Mine Hill an-
ticline, Dam syncline, Crystal Run anticline, Forest-
ville syncline, and New Mines anticline.

At the surface, the angle between the strike of the
Jugular fault and the strike of adjacent rocks rarely
exceeds 10°, and at depth the fault generally truncates
the adjacent rocks at angles of 5° to 10° along strike and
downdip. Exceptions to this general parallelism are
found in the westernmost part of the fault where beds
intersect the trace at nearly right angles, at several
places adjacent to the fault where the upper plate has
been intensively deformed, and between branches of the
fault near Heckscherville and Coal Castle where the
beds are overturned. Despite the inherent difficulty of
determining slip where bedding and fault attitudes are
nearly parallel, mine and surface geologic data indi-
cate that the dip slip ranges from 3,000 to 4,500 feet
(GQ-690; Wood and Trexler 1968b, sheet 5, sections
A-@). North of the Heckscherville and Little Mountain
synclines, the attitude, slip, and relations between the
Jugular fault and truncated strata are well known from
much mine and surface geologic data ; but south of these
synclines, the data are sparse or must be inferred. South
of the synclines, therefore, the fault and its relations to
truncated strata are largely projected according to the
pattern of the well-controlled area.

Mine Hill fault complew

The Mine Hill fault complex consists at some places
of a single fracture and at others of closely spaced
branches which locally interlace (pl. 4). Considered as
a whole, the complex is more widespread than any of
the other imbricate faults from the Pottchunk.

In Tremont quadrangle (GQ-692; Wood and Trex-
ler, 1968b, sheet 3) the branches of the Mine Hill com-
plex are known from the base up as Lower Mine Hill,
Hentzes, Middle Mine Hill, and Upper Mine Hill faults.
These branches merge in the western and central parts
of Minersville quadrangle (GQ-690; Wood and Trex-
ler, 1968Db, sheet 1) into a single fracture, the Mine Hill
fault, which splits eastward in the eastern part of the
quadrangle into a North, a Middle, and a South Branch.

About 2 miles northeast of Goodspring (GQ-692;
Wood and Trexler, 1968b, sheet 3), on the north slope
of Broad Mountain and on the south limb of the West
West Falls anticline, Lower and Middle Mine Hill
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faults and Hentzes fault rise from the Pottchunk. They
then trend generally northeastward and fold across the
complex crest of the West West Falls anticline and the
trough of the Dam syncline. About half a mile north~ast
of the trough, the Hentzes fault joins the Lower Mine
Hill fault, which, with Middle Mine Hill fault, con-
tinues northeastward to a locality about half a mile east
of the western boundary of the Minersville quadrangle.
There, these faults join the Upper Mine Hill faul* to
form a single fracture, the Mine Hill fault.

The Upper Mine Hill fault does not connect with the
Pottchunk at the surface, but it is interpreted to do so
at depth because it joins with the other branches of the
complex to form the Mine Hill fault in the western part
of the Minersville quadrangle (GQ-690). It parallels
the other branches on the south limb of the West V7est
Falls anticline and across the crest of the Swatara anti-
cline and the trough of the Forestville syncline. North
of the trough, however, it diverges and is folded suc-
cessively across the Crystal Run anticline and Dam syn-
cline to the point at which it joins the other branches to
form the Mine Hill fault.

Northeast of the place where the branches join, the
Mine Hill fault trends along the common limb of the
Peaked Mountain anticline and Dam syncline to a point
about 0.4 mile southeast of Buck Run (GQ-690; Wood
and Trexler, 1968b; sheet 1). There, the fault turns
sharply southward and truncates in the lower plate the
trough of the Rohresville syncline and the crest of the
Mine Hill anticline; it also truncates several minor folds
in the upper plate. It then trends generally eastward on
the south limb of the Mine Hill anticline for about 1.4
miles and then it splits into a North and a South Branch.
These branches continue eastward and parallel to each
other to the east border of the Minersville quadrangle,
a Middle Branch separating from the South Branch
about 0.85 mile west of the border.

Even though the faults of the Mine Hill complex are
sparsely exposed because of soil mantle, heavy fcrest
cover, and mine waste, surface evidence of their exis-
tence is ample. Underground evidence from the Kemble,
Lytle, Oak Hill, Pine Hill, and Wadesville mines and
numerous smaller mines is even more abundant (Wood
and Trexler, 1968b, sheets 1, 3). In the eastern par* of
the comiplex, these data provide a virtually complete
three-dimensional picture of the complexities of the
faulting (Wood and Trexler, 1968b, sheet 5, sect’ons
A-E). Mining activity has not been as great in the
western part of the fault complex ; therefore, the three-
dimensional configuration of the faults is not as well
authenticated (Wood and Trexler, 1968b, sheets &, 6,
sections F-M).

All branches of the Mine Hill complex except one are
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simple low-angle faults on which older strata have been
thrust northward across younger strata. On the south
limb of Dam syncline, Hentzes fault shoved younger
rocks over older rocks (GQ-692; Wood and Trexler,
1968b, sheet 3). There, as shown by their lithologies and
paleobotany, beds in the upper and middle parts of the
Sharp Mountain Member of the Pottsville Formation
rest upon beds in the upper part of the Tumbling Run
Member, for the normally intervening beds of the lower
part of the Sharp Mountain and all of the Schuykill
Member are absent. The Hentzes fault at this locality
cuts down into older beds in the upper plate; but it re-
mains parallel to the bedding in the lower plate, so that
the Schuylkill Member and part of the Sharp Mountain
Member are locally eliminated rather than duplicated.
Thus, the fault locally scalped the crest of the West
West Falls anticline and the north limb of the Dam
syncline, which strongly suggests that the fault formed
after folding commenced but before folding had ad-
vanced to its present magnitude.

A klippe composed of the beds of the Schuylkill Mem-
ber overlies the Upper Mine Hill fault and upright beds
of the Llewellyn Formation in the core of the Dam syn-
cline about 0.5 mile west of the place where the main
trace of the fault folds across the trough. The logs
of several old drill holes and isolated outcrops show
that the rocks above the mined Seven Foot coal bed are
characteristic of the Schuylkill rather than the Llewel-
Iyn. The old drill holes were not located, but mining
company data indicate that they were situated 1,000
to 2,000 feet east of the place where structure section
H crosses the syncline (Wood and Trexler, 1968b, sheets
3, 5). Although a fault is not exposed, the only way in
which Schuylkill beds could overlie upright Llewellyn
beds is to have been transported there by the Upper
Mine Hill fault.

The angle between the strike of the faults of the
complex and the strike of contiguous beds usually is
less than 10°. Exceptions to this near parallelism are
rare and occur only where the rocks have been severely
deformed adjacent to faults. Because of the near paral-
lelism the slip of the faults of the complex is difficult
to determine from surface data; but the slip can be
determined at most places from the abundant subsur-
face information. The slip of individual faults ranges
from 50 to 3,000 feet, and the combined average slip
of all faults generally is about 4,500 feet. Thus, if the
slip of one fault decreases locally, the slip of the other
faults of the complex commonly increases proportion-
ately, so that the overall slip remains nearly constant.

Faulting of the Mine Hill complex was probably
initiated on a single fracture represented by the Lower
Mine Hill fault, Mine Hill fault, and North Branch
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of the Mine Hill fault. As faulting cortinued, the
plane of this fracture was warped locally, ard imbricate
thrust faults formed near the crests of th> upwarps.
Additional warping produced successive imbricate
faults and finally resulted in the series of closely spaced
fractures of the Mine Hill complex.

LOW-ANGLE NONFOLDED THRUST AND UNDERTHI'UST FAULTS

Low-angle thrust and underthrust faults that are not
folded occur principally in the southeasterr and north-
eastern parts of the area but are relatively rare. The
principal ones are the Reservoir, Blackwood, Sharp
Mountain, Lorberry, and Sweet Arrow faults. Each
of these is younger than the folding that deformed
adjacent rocks. The Sweet Arrow faults are slightly
younger than the Blackwood, Lorberry, and Sharp
Mountain faults, but their chronologic relationship to
the Reservoir fault is unknown.

RESERVOIR FAULT

The Reservoir fault is a low-angle thrust that strikes
at N. 75° to 90° E. across Broad Mountain on the com-
mon limb of the Eisenhuth Run anticline and Beury
syncline in the northern part of the Minersville quad-
rangle (GQ-690; Wood and Trexler, 196¢b, sheet 1).
It splits into two branches separated by rocks of the
Tumbling Run Member of the Pottsville Formation in
the vicinity of Minersville reservoir.

Soil, talus, and a heavy forest obscure t> Reservoir
fault everywhere except in the gorge of Dy~r Run near
Minersville reservoir where the upper or south branch
is poorly exposed. Elsewhere, the existence of the fault
is inferred from anomalous thicknesses of tIs Tumbling
Run Member of the Pottsville Formation and anoma-
lous stratigraphic relations and structural attitudes be-
tween beds of the upper member of the Mauch Chunk
Formation and the Tumbling Run.

Field data, stratigraphic data, and structural re-
constructions indicate that the dip slip of the Reser-
voir fault ranges from 500 to 1,000 feet. The direction
of net slip is unknown.

The Tumbling Run Member of the Potts~ille and the
upper member of the Mauch Chunk generally have been
thrust northward upon themselves by the Reservoir
fault in a consistent relationship of older rocks resting
upon younger rocks. However, near Minersville reser-
voir, younger rocks rest on older rocks on the lower
branch of the fault. This reversal in relationship may
have originated as follows. Initial movement on Reser-
voir fault probably commenced with strata of the Tum-
bling Run being shoved northward over strata of the
upper member of the Mauch Chunk along a plane that
nearly paralleled bedding. Shortly after movement be-
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gan, but before great displacement, an imbricate fault
broke upward from the original fault near the present
location of Minersville reservoir, thus forming an upper
and lower branch. Movement then ceased on the lower
branch but continued on the main fault and upper
branch. The cessation of movement on the lower branch
took place as younger rocks were being thrust over older
rocks.

Several high-angle reverse faults are offset by the
Reservoir fault in the canyon of Rattling Creek near
Gordon reservoir (GQ-690; Wood and Trexler, 1968b,
sheet 1). These faults, in turn, offset the New Boston
syncline, Eisenhuth Run anticline, and Beury syncline
and therefore had movement preceding the Reservoir
fault and after formation of the folds. The Reservoir
fault is offset by the Gordon fault a short distance east
of Dyer Run on Broad Mountain. Thus, it formed after
the associated folds and high-angle reverse faults and
before the Gordon fault.

The Reservoir fault, if projected westward about
1,000 beyond its last point of surface control on the
north slope of Broad Mountain, would intersect the
Pottchunk fault acutely. It was not found on strike west
of the Pottchunk fault, indicating either that it dies
out in the 1,000 feet where control is lacking or that
its slip of 500 to 1,000 feet was absorbed along a zone
of preexisting structural weakness, the Pottchunk. It
is unlikely that the Reservoir fault dies out within the
1,000 feet; therefore, it has been shown on the maps
to intersect the Pottchunk. Because it is younger than
the Pottchunk, however, it is not believed to split off
the Pottchunk but to be a later fault whose slip was
absorbed or originated in the Pottchunk zone of
weakness.

BLACKWOOD FAULT

The Blackwood fault, one of the larger nonfolded
thrusts in the area, lies on the north slope of Sharp
Mountain and trends N. 65° to 70° E. across the Swatara
Hill and Minersville quadrangles and a part of the Pine
Grove quadrangle (pl. 4; GQ-689, 690, 691; Wood and
Trexler, 1968b, sheets 2, 4). In Baird Run, in the central
part of the latter quadrangle, it departs from this trend,
gradually swinging towards the south and truncating
numerous stratigraphic units as it crosses Sharp and
Second Mountains. South of the latter mountain in the
valley of Mill Creek, it locally strikes N. 45° W., which
is the maximum departure from its regional strike.
Southwest of Baird Run, the Blackwood fault is a steep
southeast-dipping tear fault whose southeast side moved
northeastward about 1,500 feet. East of Baird Run it is
a simple southeast-dipping thrust whose upper plate
slipped northwestward several thousand feet.

The trace of the Blackwood fault terminates to the
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southwest against the Sweet Arrow fault zone in the
west-central part of the Pine Grove quadrangle (GQ-
691). The extent of the fault east of the area is unknown.
Even though the fault is not exposed, numerous strati-
graphic truncations provide ample control for locating
the trace and for proving the structural importance of
the fault.

The slip of the Blackwood fault, which generally in-
creases eastward, ranges from 600 to 5,000 feet. West of
the point where it joins the Beuchler fault, the slip
averages about 1,500 feet; but east of that point to the
east border of the area, it increases to an average of
about 3,000 feet.

The relatively straight trace of the Blackwood fault
and its parallelism with slightly to moderately over-
turned strata in the upper plate indicate that it dips
steeply south and southeast. However, it is believed to
flatten to nearly horizontal at a depth of 3,000 to €.000
feet (GQ-691, section A-A"). Such flattening cannot be
proved but it provides the simplest explanation of the
local and regional structure that is consistent with a
coordinated picture of the surface and subsurface
geology.

The Blackwood fault is believed to have formed
simultaneously with, or shortly after, the overturming
of the south limb of the Dauphin syncline, as shown by
its truncation of this limb. The faults of the Sweet
Arrow zone are believed to be imbricate slices that. rise
from the Blackwood fault as it arches over the cret of
an overturned anticline which lies in the subsurface
south of modern Dauphin syncline (GQ-689 and 691,
structure sections). The anticline, during formation,
warped the plane of the Blackwood fault and imp~ded
movement, and as a result, the Sweet Arrow faults broke

upwards.
SHARP MOUNTAIN FAULT

The Sharp Mountain fault is a simple south-dipping
nonfolded thrust that lies on the south slopes of Sharp
Mountain in the Pine Grove quadrangle (GQ-691). At
most places the middle member of the Mauch Clunk
Formation has moved northward a maximum of 2,500
feet over the upper member of the same formation and
members of the Pottsville Formation.

The fault is not exposed, but its existence is inferred
because the middle member of the Mauch Chunk lies
adjacent to beds of the Tumbling Run, Schuylkill, and
Sharp Mountain Members of the Pottsville. The upper
member of the Mauch Chunk and the two lower mem-
bers of the Pottsville are absent locally and must lie con-
cealed at depth beneath the middle member and the
fault.

The Blackwood, East Branch Blackwood, and Beuch-
ler faults progressively offset the Sharp Mountain fault
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from west to east and are, therefore, considered to be
younger than it is. As indicated by the elimination at
the surface of a part of the stratigraphic sequence, the
Sharp Mountain fault must dip southward less steeply
than the overturned rocks that it truncates.

LORBERRY FAULT

The Lorberry fault, a small south-dipping under-
thrust 2.2 miles long, is situated on the north slope of
Sharp Mountain near Panther Head in the north-
central part of the Pine Grove quadrangle (GQ-691;
Wood and Trexler, 1968b, sheet 4). The fault is not
exposed, but numerous overturned anthracite beds and
associated rocks of the Pottsville and Llewellyn Forma-
tions are truncated along a marrow linear zone that
strikes about N. 70° E. About 1,100 feet of the Potts-
ville and Llewellyn Formations are truncated eastward
from the lower plate, and about 300 feet are faulted off
from the upper plate in the opposite direction. The
stratigraphic throw on the Lorberry fault ranges from
200 to 1,500 feet, and the dip slip ranges from 700 to
2,000 feet.

The Lorberry fault terminates to the east against the
Beuchler fault and to the west against the East Branch
Blackwood fault, both of which are tear faults that rise
from the Blackwood thrust. The footwall block of the
Lorberry fault overlies the thrust. The dip slip of the
thrust where overlain by the footwall block of the
Lorberry fault is about 1,500 feet, which is the same as
the dip slip of the thrust and East Branch Blackwood
tear fault where the footwall block is absent. The simi-
larity of slip and the confinement of the Lorberry fault
by the tear faults and thrust indicate that it formed at
the same time and in the same stress environment as
the thrust and tear faults. It must also be a sliver from
the thrust. However, the stratigraphic relations of the
overturned rocks of the upper and lower plates of the
Lorberry fault indicate that the lower plate was thrust
northward and updip beneath the upper plate, which is
the opposite of the slip of the plates of the thrust.

SWEET ARROW FAULT ZONE

The Sweet Arrow fault zone, consisting of the North
Sweet Arrow and Sweet Arrow faults is the largest and
structurally most important thrust zone in the region.
Wood and Kehn (1961) determined that the zone is at
least 80 miles long, extending from west of the Susque-
hanna River to near the Lehigh River. A small segment
of the zone lies in the report area.

The faults of the Sweet Arrow zone are not exposed,
but their existence is proved by many truncated strati-
graphic units and structural features. The zone consists
in some places of two faults, and at others of a single
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fault. The belt of truncation associated with the zone
is narrow and strikes N. 50° to 75° E. acrcss the south-
eastern part of the Tower City quadrangle, the central
part of the Pine Grove quadrangle, and the northern
part of Swatara Hill quadrangle (GQ-6¢9, 691, 698).

The relatively straight trace of the Sweet. Arrow zone
and its parallelism with the moderately overturned
rocks in the footwall indicate that the faults of the zone
dip moderately southeastward at angles of 40° to 70°.
The dip is believed to flatten to nearly horizontal at a
depth of 5,000 to 7,000 feet (GQ-689, 691, structure
sections). This flattening cannot be proved, but it repre-
sents the simplest explanation of structure that is con-
sistent with an integrated concept of the surface
geology.

The zone, in its westernmost 5 miles within the area,
consists of a single fracture, the Sweet Arrow fault.
There, the fault separates overturned strata of the
Damascus Member of the Catskill Formation in the
lower plate from generally upright strata of the Irish
Valley Member of the Catskill and the Trimmers Rock
Sandstone in the upper plate (GQ-691, 6£2). About 1
mile east of Mill Creek in the southwesterr part of the
Pine Grove quadrangle, the fault bends sharply south-
eastward for a short distance and cuts downsection in
the upper plate through the Trimmers Rock. It then
resumes the original strike to near Beucller. In this
segment it separates generally overturned beds of the
Trimmers Rock in the lower plate from generally
upright beds of the upper shale member of the Mahan-
tango Formation in the upper plate. Near Beuchler, it
splits into the North Sweet Arrow and Sweet Arrow
faults which parallel each other to the east border of the
area. The lower plate of this fault zone consists of over-
turned rocks of the Trimmers Rock Sandstone. The
medial plate between the two faults is composed of
crumpled rocks of the upper shale member of the
Mahantango Formation. The upper plate of the zone
is composed of many truncated stratigraphic units.
Upright and overturned rocks of the Montebello Mem-
ber of the Mahantango are added to the base of the upper
plate between Qak Grove Union School in Pine Grove
quadrangle (GQ-691) and Sweet Arrow Lake in
Swatara Hill quadrangle (GQ-689). East of the lake to
Conrad School, the lower shale member of the Mahan-
tango Formation, the Marcellus Shale, the Selinsgrove
Limestone, the Needmore Shale, the Ridgeley Sand-
stone, and the upper part of the Bloomsburg Red Beds
are also added to the base of the upper plate. Blooms-
burg Red Beds overlie the Sweet Arrow fault from
Conrad School to a locality about half a mile west of
the east border of the area where the Ridgeley Sand-
stone intervenes.
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Many structural features are cut off by the Sweet
Arrow fault zone. Principal among these are the Pine
Grove syncline, Outwood anticline, Mill syncline, and
Roedersville anticline in the upper plate and the Black-
wood and Beuchler faults in the lower plate. Extensions
of the latter faults are absent south of the zone in the
upper plate. It is likely, therefore, that these faults
originated shortly before or at about the same time as
the Sweet Arrow zone and are part of a single fault
system (GQ-691, section 4-A4").

From the standpoint of relative age, the faults of
the Sweet Arrow zone are the youngest of the large non-
folded low- to high-angle thrusts in the area. This age
assignment is supported by the following facts: The
faults are not folded, but they truncate many anticlines
and synclines; they are younger than the overturning
of the south limb of Dauphin syncline; and they are the
same age or younger than the Blackwood and Beuchler
faults.

The Sweet Arrow faults are believed to be imbricate
thrusts from the Blackwood fault. Imbrication appar-
ently occurred near the crest of an overturned anticline
that lies in the subsurface south of Dauphin syncline.

The amount and direction of slip on the Sweet Arrow
fault zone is unknown, but structural reconstructions
indicate that an average minimum dip slip is about 815
miles (GQ-689, 691, and 698, structure sections). Strati-
graphic variations across the zone, such as the following
example, may aid in a final determination of the net
slip.

Within the area, the Irish Valley Member of the Cats-
kill Formation is much thicker south of the Sweet
Arrow fault zone than to the north, and the Trimmers
Rock Sandstone contains a medial red sandstone south
of the zone but not to the north. A similar thick section
of the Irish Valley and a medial red sandstone in the
Trimmers Rock is present north of the zone about 14
miles east of the area near New Ringgold. If the ex-
tremely different thicknessses and the medial red sand-
stones are correlative, the northeast-southwest slip on
the zone may have been many miles. Thus, the average
minimum dip slip of 3% miles may be misleading as to
the magnitude of the actual displacement on the Sweet
Arrow fault zone.

HIGH-ANGLE REVERSE FAULTS

High-angle reverse faults are numerous in the area.
Most dip steeply southward, but some dip steeply north-
ward. Only the larger and structurally more important
of these are herein described.

The Newtown, South Newtown, Tremont, and Red
Mountain faults are high-angle reverse fractures that
are believed to terminate at depth at the Pottchunk
fault (GQ-690, 691, and 692, structure sections). Field
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and mining data indicate that these faults formed cur-
ing or after the principal episode of folding. The exten-
sion of these faults downdip to the prefolding Pott-
chunk fault is based on the assumption that the latter
provided a preexisting zone of structural weakness
where later faults could root.

The high-angle reverse faults that probably roof in
the Pottchunk differ from the folded imbricate and
nonfolded thrusts as follows:

1. They generally turncate the bedding at angles of 5°
to 90° instead of at angles of 5° to 15°+ as do
the folded faults.

2. They commonly dip southward at angles of 60° to 85°
instead of at angles less than 45°.

3. They generally crop out at or near the troughs snd
crests of tight folds and parallel axial planes
closely at depth in contrast to the folded imbricates
which were not influenced by preexisting flexures
and the nonfolded thrusts which commonly cut
across the limbs of folds and are not parallel to
axial planes at depth.

4. Their slip increases updip, whereas the slips of the
folded imbricate and nonfolded thrusts generally
decrease updig or remain about the same.

The slip on numerous other high-angle reverse faults
that also are associated with tightly folded synclines
generally increases updip. These latter faults however,
either die out before reaching the Pottchunk or cut
across it at a large angle. The geometric relations be-
tween these faults and tight folds are especially vell
known in the Donaldson syncline in the Lykens end
Tower City quadrangles (Wood and Trexler, 19€°c,
sheet 4, sections A-P), because of the extensive mining.
There, the slip of most of these faults increases upward,
but on a few it decreases. Trexler (1964) suggested that
this reversal in slip was caused by a greater amount of
folding and crumbling in the younger rocks, an upward
absorption of deformation by branching of farlts, end
the partial formation of faults after folding 1-~d
stopped. His suggestion explains adequately why the
slip of most faults in the Donaldson syncline increases
upward whereas that of others decreases. It also prob-
ably is applicable at many other places in the area.

Many south-dipping high-angle reverse faults break
the north limb of an anticline and with increasing depth
cut successively across the north limb, crest, and sonth
limb of the anticline and finally terminate in the trough
of a syncline lying to the south. In this southward cross-
cutting these faults generally truncate incompetent
rocks of the upper and middle parts of the Llewellyn
Formation near the surface; slightly more compet-nt
strata of the lower part of the Llewellyn at depths of
hundreds of feet, and the much more competent. ro~ks
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of the Pottsville Formation at depths of 1,000 feet or
more. The troughs of the synclines where these faults
terminate are usually occupied by incompetent rocks of
the Llewellyn and competent rocks of the Pottsville.
Initial fracturing on these faults probably began as the
rocks on the flanks of the folds were attenuated by dif-
ferential bedding-plane slippage during folding. As
attenuation increased, faulting became more pro-
nounced, dying out downward in thickened incompetent
beds in the axial parts of synclines and increasing up-
ward because rocks in the upper plates moved out of
the compressed axial areas.

NEWTOWN FAULT

The Newtown fault trends sinuously east-northeast-
ward across the southern half of Minersville quadrangle
(GQ-690; Wood and Trexler, 1968b, sheet 2). It is not
exposed, but many truncated stratigraphic units and
structural features indicate that it is a south-dipping
high-angle reverse fault that has a northward strati-
graphic displacement of 0 to 2,600 feet and averages
2,000 feet. It dies out westward near Tremont, but east
of the area, its extent is unknown.

At most places the lower plate of Newtown fault is
the south limb of the Branchdale anticline; the fault
however, furrows deeply into the plate as it cuts west-
ward successively across the crest of the anticline and
onto the south limb of Donaldson syncline. The fault
truncates in the upper plate the crest of the Big Lick
Mountain anticline west of Steins, the trough of an
unnamed syncline west of Newtown, and the crest of
an unnamed anticline south of Minersville, and joins the
South Newtown fault near Steins.

Because it truncates folds, the Newtown fault obvi-
ously formed during or after the principal episode of
folding. However, it probably merges into the prefold-
ing Pottchunk fault because its slip is too great to have
been absorbed by folding or stratigraphic thickening
above the horizon of that fault. The slip of the Pott-
chunk fault was probably increased locally by move-
ment on the Newtown fault.

Along with other structural features, the Newtown
fault divides the Minersville synclinorium into two
structural subprovinces (GQ-689, 690, 691, 692; Wood
and Trexler, 1968b, sheets 2-4). In the northern sub-
province the folds are generally upright, folded thrust
faults are relatively common, short high-angle reverse
faults are common, and overturned limbs of folds are
uncommon. In contrast, in the southern subprovince,
complete folds are uncommon, alternating fault-
bounded belts of upright and overturned rocks are com-
mon, long high-angle reverse faults near the crests and
troughs of folds are common, and folded faults are

GEOLOGY, SOUTHERN ANTHRACITE FIELD, PENNSYLVANIA

sparse or absent. The boundary between t“e subprov-
inces west of the Newtown fault is discussed at length in
the description of the Big Lick Mountain anticline
(p. 89). The location of the boundary east of the area
is uncertain.

SOUTH NEWTOWN FAULT

The South Newtown fault trends eact-northeast
across the southern part of the Tremont snd Miners-
ville quadrangles (GQ-690, 692; Wood and Trexler,
1968b, sheets 2, 3) between the Tremont ard Newtown
faults. It is not exposed, but many truncated strati-
graphic units and structural features indicate that it is a
south-dipping high-angle reverse fault with a north-
ward displacement of 300 to 1,300 feet.

The lower plate of the South Newtown frult, at most
places, is the north limb of the Tremont syncline. West
of the village of Newtown, the trough of the syncline
emerges from below the fault for a few thousand feet
(GQ-690; Wood and Trexler, 1968b, sheet ¢) and emer-
ges again at Coal Run to continue westwerd uninter-
rupted (Wood and Trexler, 1968b, sheet 3). Southwest
of Coal Run, the fault cuts across the south limb of the
Tremont syncline and joins the Tremont fault. The up-
per plate of the South Newtown fault is everywhere the
upright north limb of the Llewellyn syncline.

The crest, trough, and limbs of severrl folds are
truncated by the South Newtown fault, which is there-
fore believed to be either younger than, ¢ about the
same age as, the folds. This fault may Frave formed
during folding by a transfer of stress bet—veen the en
echelon Llewellyn and Tremont synclines. If it formed
in this manner, the South Newtown fault. is contem-
poraneous with the folding.

Although the South Newtown fault is either contem-
poraneous with or postfolding in age, it probably
merged at depth with the prefolding Pottchunk fault
because its slip is too great to have been absorbed by
folding or stratigraphic thickening above the horizon
of the Pottchunk, and the slip of the Pottchunk fault
probably was increased locally by the slip of the South
Newtown fault.

TREMONT FAULT

The Tremont fault strikes east-northeas* from Tre-
mont to a point southeast of Steins (GQ-690, 692;
Wood and Trexler, 1968b, sheets 2, 3) It is not exposed,
but the relations of many truncated upright rocks in the
lower plate and upright to overturned rocl= in the up-
per plate indicate the existence of a south-dipping high-
angle reverse fault. These relations indicate that the
stratigraphic displacement of the fault ranges from 0
to about 1,000 feet and averages about 50( feet.

The South Newtown fault joins the Tremont fault in
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the borough of Tremont. East of the point of juncture,
the Tremont fault separates upright rocks of the north
limb of the Llewellyn syncline in the lower plate from
upright and overturned rocks of the north and south
limbs and trough of the syncline in the upper plate.
West of the point of merger, it separates upright rocks
of the south limb of the Tremont syncline from upright
rocks of the north limb of an unnamed anticline.

RED MOUNTAIN FAULT

The Red Mountain fault trends east-northeast from
near Lorberry in the northern part of the Pine Grove
quadrangle across the southern parts of Tremont and
Minersville quadrangles (pl. 4; GQ-690, 691, 692;
Wood and Trexler 1968b sheets 24). Its extent east
of the area is unknown. Although the Red Mountain
fault is not exposed, many truncated stratigraphic units
and structural features in both the upper and lower
plates indicate that it is a south-dipping high-angle re-
verse fault whose stratigraphic displacement ranges
from 0 to 3,000 feet and averages about 1,200 feet. Be-
tween the west end of the fault (GQ-691; Wood and
Trexler 1968b, sheet 4) and the point where the crest
of East Georges Head anticline is truncated (GQ-690;
Wood and Trexler, 1968b, sheet 2), the lower plate is
successively, from west to east, the north limb of the
Georges Head anticline and the south limb of the East
Georges Head anticline. East of that point to the east
border of the area, it is the generally overturned south
limb of the Llewellyn syncline. The upper limb is every-
where the generally upright north limb of the Dauphin
syncline.

The Red Mountain fault is the same age as, or
slightly younger than, the folds it truncates. Despite
this age assignment it probably merged into the pre-
folding Pottchunk fault because its slip is too large to
have been absorbed by folding above the horizon of the
latter fault. Thus, the slip of the Pottchunk fault was
probably increased locally by the slip of the Red Moun-
tain fault.

ORWIN FAULT

The Orwin fault strikes east-northeast across the cen-
tral parts of the Lykens and Tower City quadrangles
(GQ-698, 701) and dies out in the northwestern part of
Pine Grove quadrangle (GQ~691). It is not exposed in
the area, but its presence is indicated by the local absence
of stratigraphic units at many places along the north
limbs of the Berry Mountain and Joliet anticlines. The
absence of these stratigraphic units on the north limbs
of these anticlines indicates that the Orwin fault is a
south-dipping high-angle reverse fault whose north-
ward stratigraphic displacement locally reached 1,000
feet but generally was about 400 feet.

316-352 O - 69 - 8
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The trough of a small syncline is cut off by the Orwin
fault in the eastern part of the Tower City quadrangle.
Other than this truncation, the only evidence that can be
used to determine the age of the fault is the large angle
between the fault and the strike of the lower and middle
members of the Mauch Chunk Formation south and east
of Tower City. The truncation and the large angl sug-
gest that the Orwin fault deformed during or after
folding.

RAUSCH CREEK FAULT COMPLEX

The Rausch Creek fault complex consists of the
Rausch Creek fault and a series of anastomrosing
branches that strike east-northeastward across the
northern part of the Lykens and Tower City quad-
rangles (GQ-698, 701; Wood and Trexler, 1968¢c, sheets
2, 8). The fractures of the complex are south-dipping
high-angle reverse faults that break the north limb of
the Donaldson syncline a short distance north of the
trough.

The plane of the Rausch Creek fault is poorly exvosed
north of the water gap at Liykens on the lower slope of
Coal Mountain in a strip pit on the Middle (No. 815)
and Top (No. 9) Split coal beds of the Mammoth coal
zone. Elsewhere, the faults of the complex are covered
by soil mantle, mine waste, and heavy forest. Extensive
underground workings in the Short Mountain, Wil-
liamstown, and Valley View mines indicate that strati-
graphic displacement of the faults ranges from 0 to
2,000 feet and averages about 200 and 400 feet cn the
larger branches and on the Rausch Creek fault, respec-
tively. The slip of individual faults generally decreases
upward, probably because the incompetent rocks of the
Llewellyn Formation tended to yield by folding rather
than by fracturing (Wood and Trexler, 1968c, sheet 4,
sections B-S).

The south-dipping Rausch Creek fault complex trun-
cates the axes of many small folds at the surfac> and
in the subsurface; but it does not truncate the axis of
the Donaldson syncline which is only a few hundred
feet to the south. This fact suggests that the coriplex
and syncline formed simultaneously and that the small
folds are contemporaneous drag phenomena.

COAL MOUNTAIN FAULT COMPLEX

A series of closely connected faults strike east-rorth-
east across the northern part of the Lykens quadrangle
on the slopes of Coal Mountain and on the north limb
of the Donaldson syncline (GQ-701, Wood and Trexler,
1968c, sheet 3). The North Coal Mountain fault is
exposed on the north slope of the mountain in striv pits
on the Lykens Nos. 4 and 5 coal beds. Elsewhere, this
fault and the other faults of the complex are covered by
soil mantle, mine waste, and heavy forests.
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Mine records of the Short Mountain, Williamstown,
and Gratz mines show that the combined displacement
of the faults of the Coal Mountain complex ranges from
0 to about 2,100 feet and that the displacements of North
and South Coal Mountain faults reach maximums of
500 and 1,000 feet, respectively. Records also show that
the displacement of the complex increases gradually
westward, reaches a maximum near Short Mountain
tunnel, and then dies rapidly westward (Wood and
Trexler, 1968¢, sheets 3, 4).

The age of the Coal Mountain fault complex is not
known with certainty because it does not truncate any
major fold axes. The faults of the complex, however,
do cut off the axes of several small folds which seem to
be contemporaneous drag phenomena.

BIG LICK MOUNTAIN FAULT COMPLEX

The Big Lick Mountain fault complex strikes east-
northeast from the western part of the Lykens quad-
rangle to the western part of the Tower City quadrangle
on the north-dipping south limb of the Donaldson syn-
cline (GQ-698, 701; Wood and Trexler, 1968c, sheets
1, 3). The faults of the complex are not exposed. Rec-
ords of the Williamstown mine show that the faults are
generally north dipping, but that in some localities they
are overturned near the surface (Wood and Trexler,
1968c, sheet 4). The records also show that the displace-
ment of the faults of the complex ranges from 0 to 2,000
feet and increases either updip or downdip. The dis-
placements of the North and South Branches of the
complex average about 200 and 600 feet, respectively.

Two small folds are truncated by a branch of the Big
Lick Mountain fault complex in the upper part of the
water gap north of Lykens (Wood and Trexler, 1968¢,
sheet 3). These flexures are undoubtedly drag folds that
formed during faulting and are thus useless in deter-
mining the relations between major folding and fault-
ing. Although the dip of the faults of the complex is
generally opposite that of the faults of the Rausch
Creek and Coal Mountain complexes, the close relation-
ship between the three complexes and the core of the
Donaldson syncline can be interpreted to indicate that
the complexes and the syncline are for the most part

contemporaneous.
APPLEBEE FAULT

The Applebee fault trends east-northeast from the
southern border of the Pine Grove quadrangle to the
east border of the area (GQ-689, 691). The fault fol-
lows the crest and north slope of Blue Mountain and
the south limbs of the Swope anticline and Pine Grove
syncline. Tt is not exposed, but the westward truncation
and the local structural elimination of rocks of the Clin-
ton Formation in both the foot and hanging walls indi-
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cates that the Applebee is a north-dipping high-angle
reverse fault whose southward stratigraphic displace-
ment may have been as great as 600 feet (GQ-689, and
691, structure sections).

WHITE HORSE AND ROUND HEAD FAULT®

The White Horse and Round Head fanlts extend
from the south-central part of the Swotara Hill
quadrangle to the east border of the area (GQ-689),
following the upper south slope of Blue Mountain.
Neither fault is exposed, but the repetition of the Tusca-
rora Sandstone and the Clinton Formation indicates
that they are north-dipping high-angle reverse faults.
The dip on these faults is uncertain ; thereforo, the slips
are also uncertain. Structural reconstruction«. however,
indicate that the stratigraphic displacement of White
Horse fault increases gradually eastward and may
range from about 800 to 1,800 feet. They also indicate
that the slip of the Round Head fault may b= about 500
feet.

HIGH-ANGLE FAULTS IN THE NORTHERN PART OF THE AREA

A series of north-striking, east-dipping, high-angle
reverse faults cut across the subsidiary folds of the
south limb of the Broad Mountain anticlinorium (GQ-
690; Wood and Trexler, 1968b, sheet 1). Thes~ faults are
not exposed, but their presence is proved by offsets of
stratigraphic units and fold axes. The dip slips of these
faults range from 0 to about 400 feet and average about
200 feet.

Although the faults in the northeastern part of the
Minersville quadrangle cut many other faults and folds,
three are truncated by the Reservoir fault. Thus, they
are younger than the folding of the area but are older
than nonfolded thrusts, such as the Reservoir fault.
Structurally, they are important because thoy indicate
that the northeastern part of the area was compressed
from east to west during the time that intervened be-
tween regional folding and latest thrust favlting. This
episode of east-west compression is discernable only by
these faults and by the possible westward slip of the
Sweet Arrow fault zone (p. 105).

TEAR FAULTS

Tear faults are common throughout the are=, but those
large enough to show at scales of 1: 12,000 ard 1: 24,000
are present only in the central and southern parts. The
principal tears are the Beuchler and East Branch Black-
wood faults and the southwestern part of the Black-
wood fault (GQ-691). Four other smaller tear faults
offset the south limb of the Dauphin syncline, striking
nearly at right angles to the regional structural grain.
In addition, a small tear fault is present botween the
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Hentzes and Middle Mine Hill faults near Donaldson
in the Tremont quadrangle (GQ-692; Wood and Trex-
ler, 1968b, sheet 3). The Blackwood fault is described
in the chapter on nonfolded thrust faults. The Beuchler
and East Branch Blackwood faults are described below.
The other tear faults are not described because their
relations are adequately shown on the geologic and coal
maps.

‘Without exception, the larger tear faults break the
overturned south limb of the Minersville synclinorium
(south limb of the Dauphin syncline) and are thus
younger than the overturning. Geologic relations with
other structural features indicate that these faults are
also, without exception, imbricate tears from the post-
overturning Blackwood thrust and are the same age or
slightly older than the Sweet Arrow faults. All smaller
tear faults, except the one near Donaldson, also break
the south limb of the synclinorium. Thus, most tear
faulting took place after the overturning of this limb
and at the same time, or slightly before, the last episode
of thrust faulting.

BEUCHLER FAULT

The Beuchler fault is a large northwest-trending tear
that merges to the north into the Blackwood thrust
and ends or joins the Sweet Arrow thrusts to the south
(pL 4; GQ-691). The Beuchler breaks obliquely across
a thick overturned sequence of rocks on the south limb of
the Dauphin syncline in the central part of the Pine
Grove quadrangle. Although the fault is not exposed,
the strike slip is directly measurable on Second and
Sharp Mountains where the northwest side of the fault
has been displaced 2,500 to 3,500 feet northwestward.

East of the point at which the Blackwood thrust and
the Beuchler tear merge, the slip of the thrust is greatly
increased by the addition of the slip of the tear (Wood
and Trexler, 1968b, sheet 6, sections A and L). This
increase is proved by the much older beds of the Llewel-
lyn Formation that overlie the thrust east of the
intersection.

The Beuchler fault is inclined steeply to the south-
east at the surface, as shown by the slight southeast
curvature of the trace as it crosses the valleys adjacent
to Sharp and Second Mountains. This steep southeast
inclination of the fault probably decreases to near
horizontal at depth as the planes of the Blackwood and
Beuchler faults merge. Merging at depth must take
place because of the surface merging and the increase of
slip on the Blackwood thrust. In addition, because the
latter fault is a tear in its southwestern part, the Beuch-
ler fault must also be a tear imbricating from the
Blackwood.
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EAST BRANCH BLACKWO0OD FAULT

The East Branch Blackwood fault is a nortl ~ast-
trending tear in the west-central part of Pine (irove
quadrangle (GQ-691; Wood and Trexler, 1968b, sheet
4) that extends from the upper headwaters of I?aird
Run to Fishing Creek valley. At those localities the tear
merges with the Blackwood fault. The plane of the
fault is not exposed, but offsets of overturned strata
of the Pottsville and Llewellyn Formations on the slopes
and crest of Sharp Mountain show that the fault dips
steeply southeast and that the southeast side of the
fault moved northeastward about 700 feet with respect
to the northwest side.

Structurally, the East Branch Blackwood fault is
an imbricate tear from the Blackwood fault. Southwest
and northeast of the area where the East Branch Black-
wood fault is present, the slip of the Blackwood fault
is about 1,500 feet. About 700 feet of this 1,500-foot
displacement occurs on the East Branch Blackwood
tear and the remaining 800 feet on the Blackwood fault.

BEDDING-PLANE FAULTS

Bedding-plane faults are numerous in the area. 1any
outcrops contain one or more of these faults, some of
which may have had large net slip but little cv no
stratigraphic throw. Whether large or small, most
bedding-plane fractures cannot be correlated from
locality to locality because of cover, approximate paral-
lelism to bedding, and Ilack of stratigraphic
displacement.

Bedding-plane faults formed throughout the long
deformation of the area. Therefore, some are folded,
others are slightly warped, and the rest are not folded.
Many of the low-angle thrust faults of the arer cut
the bedding at acute angles and probably are bedding-
plane faults near their roots. The net stratigraphic dis-
placement of some of these low-angle thrusts is several
thousand feet. A considerable number of faults that
initially paralleled or nearly paralleled the beding
probably continued to follow differences in rock comape-
tency throughout their extent and did not, as a result, be-
come recognizable as low-angle thrusts. These bedding-
plane faults, whether large or small, thus became planes
of structural detachment, generally between rocls of
different competency. The net slip of some of these
faults, therefore, may approximate the net slip of even
the largest of the low-angle faults.

Only one bedding-plane fault, the Short Mountain
fault, has been traced over an appreciable part of the
area. It is shown on the maps as a thrust. No other frac-
tures of this type could be traced.
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SHORT MOUNTAIN FAULT

The Short Mountain fault is a folded bedding-plane
fault on the north and south limbs of the Donaldson and
Shiro synclines in the western part of Lykens quad-
rangle (GQ-701; Wood and Trexler, 1968¢c, sheet 3).
It is confined between the Lykens Valley Nos. 4 and 5
coal beds of the Tumbling Run Member of the Potts-
ville Formation and at most places directly overlies the
Lykens Valley No. 5 coal bed or is separated from this
coal bed by only a few feet of rock.

The plane of the Short Mountain fault is discon-
tinuously exposed in a series of strip pits on the south
limb of the Shiro syncline for a distance of about 1
mile near the west border of Lykens quadrangle. It
is also exposed on the north slope of Coal Mountain
south and southwest of Gratz.

The lower 50 to 100 feet of the upper plate of the
Short Mountain fault is composed of hard thick beds
of sandstone and thinner beds of small-pebble conglom-
erate. The upper part of the lower plate consists in
ascending order, of 12+ feet of the Lykens Valley No.
6 coal bed; 12 feet of shale, siltstone, and sandstone;
and 6% feet of the Lykens Valley No. 5 coal bed.
Locally, the fault plane furrows through the Lykens
Valley No. 5 coal bed or ridges, so that a few feet of
carbonaceous shale are present between the coal bed
and the fault plane.

The Short Mountain fault is well exposed in two
strip pits a few hundred feet south of where the Donald-
son syncline dies out in the western part of the Lykens
quadrangle. In these pits the fault is folded over an
unnamed anticline. The rocks in the upper plate dip
gently southeastward on the south limb of the anticline
and northward and northeastward on the north limb.
In contrast, the rocks in the lower plate, although
generally conforming to the anticline, have been con-
torted into a series of drag folds. In these folds, the
Lykens Valley No. 5 coal bed commonly is partly or
wholly truncated on the anticlinal crests and is fully
preserved in the synclinal troughs. The trend of the
axial lines of the drag folds indicates that the upper
plate of the fault slipped northward, but slickensides
show that the latest movement was west or northwest.

The amount of slip on the Short Mountain fault is
unknown because of the lack of truncated stratigraphic
or structural features that could be used to determine
relative displacement. However, it seems probable that
the slip does not exceed several hundred feet.

JOINTS

Joints are abundant at many outcrops, but are sparse
or absent at others. They are most abundant and best
formed in thin-bedded siltstone and thin- to medium-
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bedded sandstone, are less abundant and less well
formed in ‘thicker bedded siltstone and sandstone, and
are poorly formed and widely spaced in tl ick-bedded
conglomerate and shale.

Joints that trend nearly parallel to the strike of
bedding, regardless of dip, are termed “strike joints”;
those that trend nearly perpendicular to tho strike of
bedding and are nearly vertical are termed “dip joints.”
All other joints are termed “oblique.”

Strike joints are present in most outcrops. They gen-
erally are planar in thin-bedded sandstone and siltstone,
but are commonly irregular and curvilinear in thicker
bedded conglomerate and shale.

Most dip joints are persistent smooth planes that
slice cleanly through all rock constituents, such as con-
cretions and pebbles. They are common in most ex-
posures and tend to be slightly irregular and curvi-
linear in coarser grained rocks, but are less irregular
and curvilinear than are either the strike or oblique
joints.

Locally, oblique joints are numerous, but they are
commonly less conspicuous, extensive, and consistent
in strike than the other types of joints. Some are planar
but most are irregular and curvilinear. They generally
break around rock constituents, such as concretions and
pebbles.

The authors measured 1,393 joints at 25 localities.
The attitudes of the joints at these localitie~ are shown
on the tectonic map (pl. 4). These data clearly indicate
that strike and dip joints dominate the joint system.
However, the data are so obscured by other structural
symbols on the map that a series of diagrams (fig. 41)
were compiled to summarize some of the relations be-
tween joints, structural grain, and regional plunge.

Strike joints composed about 28 percent of the 1,393
measured, dip joints, about 25 percent, and oblique
joints, about 47 percent. Strike and dip joints dominate
the joint sets (fig. 41), except in the south half of the
Pine Grove quadrangle and in the eastern half of the
Tremont quadrangle. In these localities, oblique joints
striking from N. 30° to 60° E. are most common.

The arithmetic mean strike of the strike joints range
from N. 55° E. in the southern part of the Tower City
quadrangle to N. 78° E. in the Klingerstown quadrangle
and the northern half of the Tower City quadrangle;
for the area as a whole, it is N. 72° E. About 65 percent
of the strike joints form acute angles with overlying
bedding planes in the downdip direction, about 10 per-
cent are perpendicular to the bedding, and about 25
percent form obtuse angles with overlying bedding
planes.

The average strike of bedding and the average strike
of fold lines (structural grain) ranges from N. 52° E.
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in the southern part of the Lykens and Tower City
quadrangles to N. 82° E. in the Klingerstown quad-
rangle; it is N. 72° E. for the area as a whole. The angle
between the arithmetic mean strike of the strike joints
and the average structural grain ranges from 6° in the
eastern half of the Tremont quadrangle to 0° in the
western part and in the northern parts of the Lykens
and Tower City quadrangles. The average angle be-
tween the strike joints and the structural grain is 2° if
each quadrangle is considered individually, but it is 0°
for the area as a whole.

The arithmetic mean strike of the dip joints ranges
from N. 5° W. in the northern part of the Tower City
quadrangle to N. 34° W. in the southern parts of this
quadrangle and the Liykens quadrangle. It is N. 18° W.
for the area as a whole, which is exactly perpendicular
to the arithmetic mean strike of the strike joints and the
average structural grain.

The average regional plunge of structural features is
6° in a N. 72° E. direction. Most dip joints are inclined
slightly to the southwest, which is expectable, with a
northeast regional plunge. Twenty-three percent of the
dip joints are vertical, 29 percent hade 1° to 15° SW.,
and 16 percent hade more than 15° SW. In contrast,
only 17 percent of these joints hade from 1° to 15° NE.,
and 15 percent hade more than 15° NE.

The exact parallelism of the structural grain and
strike joints and tha exact perpendicularity of the dip
joints to the strike joints and grain indicate that both
types of joints were formed by the orogenic forces that
established the structural grain.

The orientations of the joints of the area do not seem
to have been noticeably affected by their proximity to
the low-angle folded thrust faults, but they have been
greatly affected by the folding.

The age of the joints in the Appalachian Mountains
and Allegheny Plateau has not been positively deter-
mined. Parker (1942, p. 392-393, 407) recognized joints
sets that are similar in all respects to those of the area
in eastern, central, and southern New York and north-
ern Pennsylvania. He concluded that jointing clearly
preceded folding and was the first structural effect of
the Appalachian orogeny. This conclusion was based
upon strike joints fanning the crests of anticlines, perid-
otite dikes intruding the dip joints, and minor faults
offsetting both the dip and strike joints.

Sheppard (1956) reached a somewhat differing view
as to the age of jointing in his study of the region be-
tween the Susquehanna River and Swatara Creek. The
latter lies in the southern part of the area. He
concluded :

After rotation of the bedding back to horizontal, no correla-

tion of the joint sets was obtained, indicating that jointing had
not existed prior to folding.
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In this area there is an abseuce of shear joints vhile a strike
and dip set prevail. The attitudes of these sets suggest that
jointing formed shortly after the folds were defined.

In the description of strike joints it was indicated
that 65 percent form acute angles with overlying bed-
ding planes in the downdip direction and cnly 25 per-
cent form obtuse angles. This relationship indicates that
these joints probably were rotated slightly parallel to
their strikes by mass movement of matericl from the
axial parts of synclines towards the axial perts of anti-
clines during folding. Thus, the strike joints must have
been in existence before large-scale folding.

Similarly, in the description of the dip jcints, it was
shown that 45 percent are inclined to the southwest,
whereas only 32 percent are inclined to the northeast.
This suggests that these joints were rotated slightly to
the southwest after formation. The average 6° NE.
plunge of structural features records a regional tilting
that is concordant with the degree of rotation of the
joints. The dip joints, therefore, also seem to have been
in existence before the folding.

The data from the area thus indicate that the strike
and dip joints were in existence before large-scale fold-
ing and are unrelated to the earlier low-angle folded
thrust faults. This conclusion largely supports that
reached by Parker (1942) and disagrees with that of
Sheppard (1956). However, it modifies Parker’s con-
clusion as follows: the first effect of the Appalachian
orogeny was not jointing; it was low-angle thrust
faulting followed by jointing.

CLEAVAGE

Fracture and flow cleavage are common in incompe-
tent rocks, but are largely absent in more competent
rocks. Both are relatively common in shale and siltstone
of the Mandata Member of the Helderberg Formation,
the Needmore Shale, the Marcellus Shale, tho lower and
upper members of the Mahantango Formation, and in
the more incompetent rocks of the Catslill, Mauch
Chunk, and Llewellyn Formations.

Flow cleavage is best developed near the axes of folds
in the southern part of the area, generally is much less
well developed in the northern part, but locelly, is well-
developed near the axes of the more intensively de-
formed folds. In some outcrops it has obliterated all
traces of bedding, other sedimentary features, and fos-
sils. Throughout the area, flow cleavage generally is
vertical or steeply inclined to the southeast, end at many
places the intersections of the cleavage and the bedding
form an excellent lineation that parallels the axes of
adjacent folds. At other places the intersections are so
closely spaced that linear rock fragments have formed
whose bounding surfaces are the bedding and cleavage
planes. These fragments are as much as 1 foot long and
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1 inch thick and are commonly referred to as “pencil
shale.”

Most fracture cleavage is in shale and siltstone beds
less than 2 feet thick, which lie between thicker more
competent beds. Where the bedding is upright, it in-
variably dips more steeply than the bedding and paral-
lels the axial planes of nearby folds; but where the
rocks are overturned, it dips less steeply than the bed-
ding. In the places where siltstone and shale beds are
thicker than 2 feet, fracture cleavage generally is absent,
and a sheeting fracture of unknown origin commonly
parallels the bedding.

Much of the anthracite in the area breaks into frag-
ments of various sizes along conchoidal fractures, al-
though, locally, it is fracture cleaved. In the places
where deformation was not too severe, the cleavage
planes are widely spaced, but where deformation was
more profound, the planes generally are closely spaced.
Locally, where deformation was intensive, the coal lying
between cleavage planes has been fractured into numer-
ous thin conchoidal shelly fragments that have been ro-
tated parallel to the bedding of adjacent more competent
rocks, and in a few places the coal has been pulverized.

In the western and central parts of the Liykens quad-
rangle (Wood and Trexler, 1968¢, sheet 3), the Lykens
Nos. 4, 5, and 6 coal beds on the south limb of the Don-
aldson syncline have the characteristic blocky or cubical
cleat of semianthracite. On the north limb they gen-
erally are intensively fracture cleaved and in a few
places are pulverized, which suggest that there was more
pressure and differential movement of beds on the north
limb than on the south.

The presence or absence of fracture cleavage and
cleat determines whether, during mining, anthracite
breaks into blocks, large conchoidal fragments, smaller
shelly fragments, or a powder. This, in turn, has greatly
influenced the market value of anthracite, the proce-
dures locally used in mining, and the relative safety of
mining.

REGIONAL TECTONICS

The report area is a small part of the Appalachian
Mountain system. In Pennsylvania this mountain sys-
tem is divided into two structural provinces: the Folded
Appalachians and the Piedmont. In general, the com-
plexity of tectonism increases southeastward from the
northwestern structural front of the mountains across
the Folded Appalachians and the Piedmont to the At-
lantic Coastal Plain. Igneous and metamorphic rocks
of Precambrian and early Paleozoic age have been in-
tricately deformed and altered in the Piedmont. Sedi-
mentary rocks of Paleozoic age in the Folded A ppalach-
ians have been intensively folded and faulted, but have
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not been metamorphosed, except locally near the
Piedmont.

The Anthracite region includes much of the nortlern
and central parts of the Folded Appalachians in eas‘ern
Pennsylvania. Its northern boundary lies several miles
north of the structural front of the mountains on the
Allegheny Plateau. The southern boundary is Rlue
Mountain, the east border is approximately defined by
the west margin of the Pocono Plateau, and the west
border is roughly defined by the Susquehanna River.
The report area lies in the southwestern part of the
region and is characterized by a more complex structure
than are most other parts.

The southeastward increase in structural complexity
of the mountains is especially apparent in the Antl'ra-
cite region because of the control provided by mining.
Arndt and Wood (1960), after detailed mapping in the
southwestern part of the region and reconnaissance €lse-
where, divided the region into four structural provinces.
This division is based upon the increasing structural
complexity and was adopted after recognizing that
structural features progressively formed in both t~m-
poral and geographic sequences.

Temporally, the structural features of the Anthracite
region formed progressively in the following sequence
of increasingly more complex stages as quoted from
Arndt and Wood (1960, p. B182) ;

1. Folding of horizontal strata into broad anticlines and
synclines.

2. Low-angle thrusting and imbricate faulting, followed by for-
mation of subsidiary folds on the larger folds to develop
anticlinoria and synclinoria. Additional low-angle thrusting
followed by high-angle thrusting accompanied the subsid-
iary folding.

3. Folding of low-angle and high-angle thrusts, and offsettirg of
pre-existing structural features by high-angle thrusts.

4, Development of overturned folds, and offsetting of overtu-ned
folds by tear faults and high-angle thrusts.

In the sequential development of the structure of the
Anthracite region, Arndt and Wood demonstrated that
structural features characteristic of each temporal stage
were also characteristic of geographic areas or structnral
provinces. They concluded that any area that contains
structural features typical of a specific stage undervent
deformation characteristic of each preceding strge.
The provinces are as follows:

1. Northeastern part of the Anthracite region. This provin-e is
characterized by structural features typical of stage 1.

2. North-central part of the Anthracite region. This province
contains structural features of stage 2 superimposed on
those of stage 1.

3. South-central part of the Anthracite region. This province
contains structural features of stage 3 superimposed on
those of stages 1 and 2.
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4. Southernmost part of Anthracite region. This province con-
tains structural features of stage 4 superimposed upon those
of stages 1-3.

The progressive temporal and geographic deforma-
tion described by Arndt and Wood is here modified so
that the last episode of deformation of stage 4 is low-
angle faulting rather than high-angle faulting. Wood
and Kehn (1961, p. 263) incorrectly concluded that the
Sweet Arrow fault zone was high angle. This conclu-
sion guided Arndt and Wood in determining their
sequence of development. Later work by Wood, Kehn,
and Trexler convinced them that the fault zone was
high angle near the surface but probably low angle at
depth.

The report area includes parts of structural provinces
3 and 4 of Arndt and Wood. The boundary between
these provinces, from east to west, across the area is
successively the Newtown fault, the crest of Big Lick
Mountain anticline, the structural maze beneath the
borough of Tremont, the trough of the Llewellyn syn-
cline, Rausch Creek, Blackwood fault, and the trough
of the Dauphin syneline (pl. 4; GQ-690, 691, 692, 698,
701). Except for the areas at Tremont and Rausch
Creek, the boundary is everyhere located at faults or at
the crests and troughs of folds. In these localities, how-
ever, it is defined on the basis of geographic location
rather than structural features. At most places the
boundary separates upright strata to the north from
alternating belts of overturned and upright strata to
the south.

The controlling structural feature of the area was the
Minersville synclinorium. The trough of the synclinori-
um, or nearby smaller structural features, separates
generally upright strata from generally overturned
strata. During the latter part of the orogeny it probably
separated a foothills folded and faulted belt from a
massif of largely overturned and intensively deformed
strata. The boundary between structural provinces 3
and 4 lies at or near the trough and is one of the more
important tectonic boundaries of the ancestral Appala-
chian Mountains, perhaps comparing locally in impor-
tance with the boundary between the Folded Appala-
chians and the Piedmont.

Structure sections (GQ-689, 690, 691, 692) show, with
reference to the top of the middle member of the Mauch
Chunk Formation, that the altitudes of the bottoms of
the larger synclines descend evenly southward towards
the trough of the Minersville synclinorium. Similarly,
the sections show, with reference to the base of the mid-
dle member, that the altitudes of the tops of the larger
anticlines descend evenly southward towards the
trough. Although the rate of descent of the synclinal
troughs and anticlinal crests are individually concord-
ant, they are decidedly discordant each to the other.
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This discordancy is believed to have been caused by
differential transmission of compressive forces through
strata of differing competency. The following evidence
illustrates this belief. During the early stages of the
formation of the Minersville synclinorium, the deform-
ing forces were transmitted northwestward by compe-
tent rocks above the middle member of the Mauch
Chunk, by incompetent rocks of the memkb-r, and by
competent rocks below the member. Because the com-
petency of these rock units differed, they transmitted
the forces northwestward differentially, and the compe-
tent rocks above the middle member tore loo<e from the
incompetent rocks of the member along a fracture sys-
tem that formed into the Pottchunk fault and its asso-
ciated imbricates. Similarly, the competent rocks below
the middle member tore loose along the Mauc~hono fault
and other similar fractures. In addition, the Hegins
fault formed in the medial and lower parts of the mem-
ber as the result of differential adjustments.

As the deforming forces of the Appalachian orogeny
increased in intensity, the Minersville synclinorium
deepened, movement decreased or ceased on the Pott-
chunk and Mauchono faults, and the limbs of the syn-
clinorium developed many subsidiary folds The crests
of the subsidiary anticlines below the Mauchono fault
and the troughs of the subsidiary synclines above the
Pottschunk fault were controlled in their upward and
downward formation by the preexisting strnetural dis-
cordencies at these faults. They also were controlled
by the buffering action of the incompetert strata of
the middle member. During the formation of the sub-
sidiary folds, high-angle faulting took place, princi-
pally above the Pottchunk fault; at about th~ same time
or shortly thereafter, the south limb of the synclinorium
was overturned. This was followed by the formation of
the Blackwood, Beuchler, and Sweet Arvow faults
which crosscut the limb without regard to the preexist-
ing structural grain.

Broad Mountain and New Bloomfield anticlinoria
controlled the formation of many smaller structural
features in the northern and western parts of the area.
These large fold systems, however, do not seem to have
played as important roles in the tectonic formation of
the area as did the Minersville synclinorium. Nor do
they appear to separate large tectonically different areas
or provinces as does the synclinorium.

Reasons for the Minersville synclinorium being tec-
tonically so important are not understood. ITowever, as
illustrated on structure sections (GQ-689, 690, 691, 692,
698, 701), the Mauch Chunk Formation is believed to
thicken markedly in the trough. This thickening may
have been responsible for the localization of the various
types of structural features to the north and south. It
is also possible that the trough was superimposed upon
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a structural depression or zone of weakness that formed
during the Taconic orogeny.

A major tectonic fact determinable from the struc-
ture sections and geologic maps (GQ-689, 690, 691, 692)
is that rocks older than the middle member of the Mauch
Chunk Formation are discordant at many places with
those younger than the middle member. This discord-
ancy suggests that the middle member functioned dur-
ing deformation as a tectonic buffer which separated
discordantly transmitted sets of forces. This separation
resulted in the formation of the Pottchunk and Mauch-

ono faults.
DEPTH OF DEFORMATION

During the last 50 years a difference of opinion has
become increasingly apparent among geologists study-
ing the Appalachians as to whether the Precambrian
basement complex is involved in the structural features
present in the Paleozoic rocks. The available data are
more easily interpreted to support the concept that the
basement complex is not greatly involved.

The geometry of the folds that are depicted on struc-
ture sections (GQ-689, 690, 691, 692, 698, 699, 700, 701)
indicates that all folds decrease in amplitude with in-
creasing depth. Projection of the rate of decrease to
depths greater than —12,000 feet illustrated on the sec-
tions shows that all but the largest folds apparently
die out between 20,000 and 25,000 feet below the
surface and that even these disappear at about 40,000
feet. According to Colton (1961, pl. 11), 35,000 to 40,000
feet of Paleozoic rocks underlie east-central Pennsyl-
vania. If the concept of decreasing amplitude is correct,
the Precambrian rocks probably were not involved in
the folding, were not. as greatly compressed laterally
southeast to northwest as were the sedimentary rocks,
and therefore, must be separated from the sediments by
planes of detachment. Gray and others (1960, structure
section D-D’), Gwinn (1964, p. 897), Woodward (1964,
p. 351), Rodgers (1963, p. 1534-1535), and Perry (1964,
p. 668) have postulated the existence of such planes in
the lower part of the Paleozoic sequence in western and
central Pennsylvania.

Nevin (1936, p. 65) and Ver Wiebe (1936, p. 933-936)
argued that anticlines cannot form unless supported
from below by the basement. According to their reason-
ing, folds could not form above detachment faults un-
less similar folds lay directly below, because voids would
occur at the cores. of the anticlines. Their reasoning is
incorrect, because at many places rocks above and below
thrust faults and detachment planes are known to be
differentially folded. In many detached fault blocks, the
troughs of the synclines seem to be largely limited in
their downward development by detachment planes, and
the strata above the planes on the limbs of anticlines
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seem to have flowed or to have been forced into the
space previously occupied by the upward-moving anti-
clinal crests. The cores of the anticlines, therefore, were
always supported, and voids did not exist at any time.
The process of transferring strata from the limbs of
anticlines to the cores logically occurred most commonly
in areas where the amplitude of folding increased up-
ward, as in the report area. The amount of increase in
amplitude of an anticline is dependent upon the severity
of differential compression, the amount of stratigrapic
thickening in the core, and, lastly, upon the numb-r of
detachment planes existing within the confines cf the
anticline.

There is little positive geophysical evidence to show
whether the Precambrian basement complex is involved
in the deformation of the Folded Appalachians but
what is known is discussed below.

Joesting, Keller, and King (1949, p. 1761) deter-
mined by an aeromagnetic survey of part of central
Pennsylvania that the basement complex lies at a greater
depth southeast of the Appalachian structural front
than it does to the northwest. This relationship is anom-
alous because Lower Cambrian rocks, which norrally
lie only a short distance above the complex, crom out
southeast of the front, and Pennsylvanian rocks, which
lie thousands of feet above the Lower Cambrian rocks,
crop out northwest of the front. Joesting, Keller, and
King concluded that the “basement surface is nct de-
formed concordantly with the highly folded Paleszoic
rocks.”

Five north-south aeromagnetic lines of the U.S. Geo-
logical Survey extend across the area from the New
York-Pennsylvania border to Marietta, Pa. Magnetic
anomalies due to the basement complex are prominent
near the border. Depth determinations computed from
these anomalies indicate that the complex lies about
13,000 to 14,000 feet below the ground surface (W. J.
Dempsey, oral commun., 1960), which is in close agree-
ment with a depth of 14,500 feet determined from strati-
graphic data (Colton, 1961, fig. 4). About 30 miles
south of the border these magnetic anomalies disapvear,
and a gentle smooth southward-inclined magnetic gradi-
ent prevails for about 90 miles to near Campbelltown.
According to Dempsey, the smooth gradient may be due
to any of several factors: (a) a basement complex that
is not highly magnetic and does not contain units of
greatly differing magnetic intensities; (b) a complex
buried too deeply to influence the airborne magne*om-
eter (more than 25,000 ft) ; or (c) an upper surface of
the complex that slopes gently and smoothly southward
and does not rise into the cores of anticlines or des~end
beneath synclines. These three possibilities are evalu-
ated below.
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Joesting, Keller, and King (1949, p. 1761 and fig. 7)
found that in Pennsylvania the magnetic trend of the
folded Appalachians is N. 60° E., which is in strong
contrast to the N. 30° E. strike of Appalachian fold
axes in the south-central part of the State and the N.
60°-80° E. strike in the central and eastern parts. They
concluded that this divergence in trends indicates a cor-
responding divergence between the structural trends of
the complex and the overlying Paleozoic rocks. This
divergence probably indicates that the basement com-
plex is significantly magnetic.

The five aeromagnetic lines cross several large anti-
clines where the basement complex, if in normal strati-
graphic succession, should lie considerably less than
25,000 feet below the surface. Near Danville, on the
Montour anticline, the complex should be about 13,000
feet below the surface (Colton, 1961, figs. 6, 7, 9). Near
Elysburg, on the Selinsgrove anticline, the complex
should be about 18,000 feet below the surface, and in
the report area, near Line Mountain on the Frackville
anticline, the complex should be well above the 25,000-
foot limitation of the airborne magnetometer. However,
the smooth gradient of the magnetics across these anti-
clines argues that the complex is not deformed upwards
into the axial parts and strongly suggests that it is
everywhere more than 25,000 feet below the surface.

It logically follows that if the complex is not up-
warped in the cores of the anticlines, it is not down-
warped below the synclines, and that the upper surface
of the basement complex probably is relatively smooth.

The numerous folds in the Paleozoic rocks and the
probable smooth upper surface of the basement com-
plex are incompatible, unless one or more detachment
planes exist. It seems highly likely, therefore, that such
a detachment separates the main body of Paleozoic
rocks from the basement. This is consistent with the ex-
istence of other detachment planes, such as the Mauch-
ono and Pottchunk faults.

STRUCTURAL HISTORY

The first structural events recorded by the rocks of
the area are of Late Ordovician age. During the Middle
and Late Ordovician time the southern part and per-
haps all of the area was deformed by forces of the
Taconic orogeny which formed mountains to the south,
southeast, and east. The structural features that formed
in the area during the orogeny are largely unknown
because they are buried by younger sediments.

In Silurian and Early and Middle Devonian time in-
termittent epeirogenic uplift extended into the area from
the Auburn promontory. Recurrent erosion beveled the
underlying strata and produced a series of unconformi-
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ties that seem to coalesce or merge southwerd towards
the promontory.

The region east, southeast, and south of the area was
again uplifted during the Acadian orogeny, which be-
gan in latest Middle Devonian time and ccvtinued in-
termittently into Early Mississippian time. The pre-
Pocono unconformity indicates that large-scale folding
and perhaps faulting during this orogeny extended in-
to the area in Early Mississippian time and also indi-
cates that an ancestral Broad Mountain articlinorium
began to form.

The mountainous region east, south, and southeast of
the area seems to have been low and tectonically quies-
cent during Middle Mississippian time. Near the end
of the Mississippian, however, it was strongly uplifted
and remained tectonically active with but minor periods
of quiescence throughout the rest of Paleozoic time and
perhaps early Mesozoic time. Mountain building caused
by the Appalachian orogeny advanced northwestward
into the area after the youngest preserved strata of the
Llewellyn Formation of Late, but not latest Pennsyl-
vanian age were deposited. Elsewhere in the central
Appalachians, mountain building during this orogeny
seems to have begun during latest Pennsylvanian or
earliest Permian time (Berryhill and deWitt, 1955;
Berryhill and Swanson, 1962) and to have ended by the
end of Middle Triassic time.

Although the exact timing of the Appalachian orog-
eny is uncertain, the order of deformation of individ-
ual structural features or associated series of structural
features can be determined.

The youngest sediments of Late Pennsylvanian age
now present in the area were rather flat 1-ing at the
end of their deposition. Perhaps only an additional
few hundred feet of sediments accumulated, but it seems
more likely that many more thousands accuraulated and
have since been eroded off. Gentle folding oczurred after
these sediments were laid down either in latest Pennsyl-
vanian or earliest Permian time. It seems likely that the
earliest of these gentle folds were a rejuvenated ances-
tral Broad Mountain anticlinorium, the ancestral Min-
ersville synclinorium, and the ancestral New Bloomfield
anticlinorium,

The intensity of deformation gradually increased,
and the ancestral Minersville synclinorium slowly
formed into a large shallow open fold on whose north-
ern limb a series of bedding-plane faults formed at a
consistent horizon near the top of the Msuch Chunk
Formation. As the deformation continued increasing in
intensity, these bedding-plane faults finally merged into
a major thrust, the Pottchunk fault. During the later
stages of the formation of this thrust fault, compres-
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sion was so great that the thrust plane was gradually
warped into minor folds at many places, and the upper
plate of the thrust fault was broken into a series of
imbricate thrust slices that rose upward from the minor
folds in the following order : Hans Yost, Dyer Run, and
Jugular faults and the various branches of the Mine Hill
fault complex.

The Mauchono fault formed penecontemporaneously
with the Pottchunk on the flanks and crest of the grow-
ing Broad Mountain anticlinorium. Competent strata,
which underlay the plane of the Mauchono, moved
northward relative to less competent strata, which over-
lay the fault, and regionally pierced deeply into the
less competent strata on the crest and on the upper
limbs of the anticlinorium. Simultaneously with the for-
mation of the Mauchono, a large thrust, the Hegins
fault, formed in the medial part of the Mauch Chunk
Formation.

After the formation of the Pottchunk, Hegins, and
Mauchono faults, most of the anticlines and synclines
of the area formed into virtually their present forms as
subsidiary folds of the Minersville synclinorium and
New Bloomfield and Broad Mountain anticlinoria. In
addition, numerous high-angle reverse faults fractured
the subsidiary folds, and the south limb of the syn-
clinorium was overturned.

At about the time the Minersville synclinorium was
overturned, the trough and south limb were fractured
by the Blackwood, East Branch Blackwood, and Beuch-
ler faults and by smaller tear faults. Shortly thereafter,
the Sweet Arrow faults split off from the Blackwood
fault near the crest of an overturned subsurface anti-
cline and moved upright beds in the upper plate north
and west across overturned beds in the lower plate.

The Blackwood, East Branch Blackwood, Beuchler,
and Sweet Arrow faults are the youngest large faults.
A series of small northward-trending high-angle re-
verse faults and the eastward-trending Reservoir fault
in the northern part of the Minersville quadrangle, how-
ever, may be of approximately the same age. Although
the slip of each of these high-angle reverse faults is neg-
ligible by comparison with those of the younger large
faults, these and the Sweet Arrow faults show that the
area was subjected to westward-directed compression
during the later stages of its structural formation.

The Appalachian orogeny apparently ended in the
area with the westward compression. Subsequently, the
area seems to have been subjected to a long period of
erosion that has lasted to the present.
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COAL

Anthracite and semianthracite have been the principal
economic resources of the area for about 150 years, and
much coal has been mined during this period.

HISTORY AND METHODS OF MINING

Early records report that anthracite was used by gun-
smiths before 1755, by blacksmiths about 1769, and by
nail manufacturerers in 1788 (Hudson Coal Co., 1932,
p. 24-26). Despite this early utilization, it was 1808
before anthracite was successfully burnt in an open
grate and 1812 before it was fired in a furnace (Hudson
Coal Co., 1932, p. 26-27, 81).

A map prepared by a Mr. Schul in 1770 indicated
the presence of coal near Mahanoy City and Shamokin,
a short distance north of the area. However, it was 1790
before Necho Allen found anthracite in the northeastern
part of the area on Broad Mountain (Hudson Coal Co.,
1932, p. 29) and 1795 before a blacksmith named Whet-
stone used anthracite from the Southern Anthr-cite
field in a forge. Other blacksmiths began using coal
from the field in their forges about 1812. The first ship-
ment of coal to Philadelphia was made in 1800, but
profitable shipments were not possible until 1812.

Completion of Schuylkill Navigation Canal, parallel
to Schuylkill River, in 1825 provided the first econmi-
cal transportation to the Philadelphia market area. The
canal was 108 miles long, cost $2,200,000 to build, and
incorporated the first tunnel built for transportation in
North America. The canal was operated at a profi* for
more than 50 years, but by the end of the 19th century
it had fallen into disrepair and now is obliterated at
most places.

The anthracite industry became economically im-
portant between 1825 and 1835. By 1837, the value of
coal property in the Anthracite region had increased
from practically nothing to several hundred dollars per
acre, and mining and land speculation were rampant.
As anthracite became increasingly more important, a
railroad network gradually developed, and a lageing
steel industry mushroomed, because it was for the first
time independent of bituminous coal heretofore im-
ported from Great Britain.

Railroad construction began in the Anthracite revion
in 1828 and soon spread throughout eastern Penusyl-
vania, New York, Delaware, New Jersey, and Maryland.
By 1842 the final rail link with Philadelphia was com-
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pleted, and the anthracite industry promptly took its
place as one of the economic giants of the United States.
From 1842 to 1880 the Anthracite region produced about
450 million tons of coal. The Southern Anthracite field
produced about 67 million tons, or about 15 percent of
this coal, and the report area produced about 27 million
tons, or about 5.5 percent.

Most of the large mining companies of the Anthracite
region came into existence between 1825 and 1875. The
majority continued to operate until the 1930’s, and sev-
eral continued operations until nearly the present. All
the original companies have now discontinued mining,
most have liquidated their coal and mineral land hold-
ings, and many have diversified into other types of
business or industry.

Several techniques of underground mining have been
used in the region. The basic mining techniques are the
room-and-pillar, chute, and longwall methods. The first

two of these have been used extensively in the area, and
the longwall method has been used in the few places
where beds are flat or gently inclined.

Most large mines employed the room-and-pillar
method where the coal beds dip less than 20° and the
chute method where they dip more than 20°. In either
method, rooms and intervening pillars were excavated,
and considerable timbering was necessary to support the
roof. After the completion of a series of rooms above
a haulageway, the pillars were gradually removed, and
the roof rock was supported by additional timbering.
If the roof rock could be adequately supported by tim-
bering or could be induced to collapse gradually at a
distance from individual pillars, all coal was removed.
In most places, however, the roof was unstable and soon
began to sag or crack, and mining was discontinued
after removing only a part of each pillar. The stage
of mining in which rooms and pillars were excavated
by either method was commonly known as “first min-
ing” and usually resulted in the extraction of about 50
percent of the coal in a bed. The stage of mining in
either method during which pillars were partly or
wholly removed was known as “second mining” or “rob-
bing.” This latter stage usually resulted in the extrac-
tion of 10 to 20 percent additional coal for a maximum
average extraction of 60 to 70 percent. These extraction
percentages are based on numerous mine maps from the
area that show the dimensions of rooms and pillars
during both phases of mining.

Longwall mining has been attempted only where the
coal beds are gently inclined or flat. In this method a
working place was extended for several hundred feet
at right angles to a haulageway. Successive slices of
coal were then removed from the entire length of the
working place, and the roof was allowed to collapse
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gradually into the open space resulting from the re-
moval of the coal.

Strip mining utilizes draglines, power shovels, bull-
dozers, and large dump trucks. The draglines are com-
monly employed to remove overburden, bvt in some
places they have been used to excavate coal, particularly
in the more steeply dipping beds. The capacities of pres-
ently operating draglines range from 1 to 85 cubic yards
and average about 10 cubic yards. Power shovels with
a capacity of 1 to 10 cubic yards are the principal coal-
excavating machines in the larger strip pits.

Many strip pits consist of long narrow excavations
dug along the strike of steeply dipping coal keds. Where
a coal bed is exceptionally thick or where the dip is
less steep, such as on the crests of anticlines, in the
troughs of synclines, or on gently inclined limbs of folds,
lIarge strip pits are common. In both the long narrow
strip pit and the large strip pit, the ratio ¢f thickness
of overburden or waste coal seldom exceeds 25 to 1. The
walls of many strip pits are several hundred feet high.

EXTENT OF MINE WORKINGS

Hundreds of small to large underground anthracite
mines have operated during the last 150 yeers. A large
number of surface openings into these mines are shown
on the coal maps (Wood and Trexler, 1968 b, ¢). How-
ever, hundreds of additional mine openings are not
shown on the coal maps because they have been de-
stroyed by strip-mining operations, have collapsed, or
have been completely overgirown and concealed by
vegetation.

The linear extent of underground haulageways, tun-
nels, and drifts is unknown, but probably arounts to at
least 1,000 linear miles and may be as great as 2,000 tc
3,000 miles. There is also a vast series of underground
rooms in the numerous coal beds that are interconnected
at many places and are isolated at others.

The original topographic configuration of some of the
more intensively mined parts of the area has been com-
pletely changed by the combined results of strip mining,
underground mining, and waste dumping. The topogra-
phy has been altered so swiftly in some lo-alities that
relatively modern topographic base maps are useless for
geologic mapping or determining locations. Aerial pho-
tographs commonly are usable for geologic mapping for
only 3 to 5 years, and in areas of very active mining,
photographs have become obsolete in 1 to 2 years.

CONDITION OF MINE WORKINGS

The drifts, shafts, slopes, tunnels, and other under-
ground mine workings are deteriorating rapidly. Large-
scale mining ceased at most places during the early
1930’s and has ceased elsewhere in the last several years.
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The workings of these abandoned large mines are gen-
erally unsafe because of caving, rotting timbers, threat-
ening collapse, mine gas, and water. In the abandoned
smaller mines, conditions are the same or worse. Despite
this generally poor condition of abandoned mine work-
ings, several score of closely inspected small mines oper-
ate intermittently.

Most abandoned and many operating underground
mines contain pools of water. These mine-water pools
either completely fill the workings or are isolated in
parts of the workings. Many mine-water pools overlie
other parts of the same mine or adjacent mines. The
location and size of most mine-water pools are known,
but many others are unknown. Modern underground
mines occasionally penetrate these unknown pools, and
the miners may be either severely injured or drowned.

The mine-water pools commonly are supplied from
two sources: direct connections with the surface
through the original mine openings and through strip
pits, and percolating ground water which enters the
pools from unmined coal beds and adjacent strata.

PRODUCTION

The production from the Anthracite region is known
with considerable exactitude from 1882, when the Fed-
eral Government and the Commonwealth of Pennsyl-
vania began keeping comprehensive records, to the pres-
ent, but it is less well known for the period preceding
1882. Before 1882 the records were largely based on
census reports supplemented by State and trade sources.
Production apparently began about 1755, but it was
1824 before it exceed 10,000 net tons per year.

Pennsylvania anthracite was the chief mineral fuel
of the United States from about 1824, when 13,685 net
tons was produced, to 1870, when the nation’s produc-
tion of bituminous coal exceeded that of anthracite from
Pennsylvania (Tryon and Mann, 1928, p. 528-533). An-
thracite production has exceeded 1 million tons a year
since 1839,

The amount of anthracite extracted from the area is
difficult to determine because records of the Federal
Government are maintained for the entire region, indiv-
idual coal fields, commercial districts, counties, and not
by mine or breaker plant. They are, however, based
largely upon the amount of coal cleaned at breaker
plants (F. T. Moyer, oral commun., 1963).

Records of the Pennsylvania Department of Mines
and Mineral Industries are maintained for the entire
region, mining or inspection districts whose numbers
and boundaries have changed many times, commercial
districts, and the larger mines. The records are based
upon the amount of cleaned coal reported by mines after
processing of raw coal at breaker plants. Thus, neither
Federal nor State records are based upon the raw coal
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extracted (F. T. Moyer, oral commun., 1963) or upon
arbitrary quadrangle borders such as those that tound
the area and that have little relation to individual coal
fields, commercial districts, counties, and mining or in-
spection districts. .

Unfortunately, the production figures of the Fe-era
Government and the State government differ. In some
years this difference is as much as 8 million net tons;
for most years it is negligible statistically, amounting
to several hundred thousand tons or less. The difference
is due to the inclusion of dredged coal in the Federal
figures and the fact that the Federal tonnages are h~sed
upon cleaned coal reported by breaker plants, whereas
the State tonnages are based upon cleaned coal reported
by mines. The difference in total tonnage from 1882 to
1960, excluding dredged coal from the Federal ton-
nages, amounts to only 4,516,540 net tons, even though
for some years differences are 3 to 8 million net tons.

Table 2 gives the total and yearly production of
the Anthracite region from 1769 to 1960. Tonnages
for the years 1807 to 1960 were tabulated from the U.S.
Bureaun of Mines (Moyer and others, 1961, p. 154-155;
Tryon and Mann, 1928, table 9) and for the years 1769
to 1806, they were tabulated from “Pennsylvania’s Min-
eral Heritage” (Pennsylvania Bur. Statistics and Infor-
mation, 1944). Table 2 also gives the yearly production
of the Southern Anthracite field as reported by the U.S.
Bureau of Mines from 1924 to 1960 (U.S. Bur. Mines,
1928-32, 1933-60), U.S. Geological Survey from 1913
to 1923 (U.S. Geol. Survey, 1883-1927), and the Penn-
sylvania Second Geological Survey (1882-89, various
reports on anthracite). The production of the Southern
Anthracite field for all other years was estimated by
the authors after determining the year-to-year produc-
tion percentage of the Southern Anthracite field with
reference to the total yearly production of the Anthra-
cite region.

The production of the area was determined from
records for the following years: 1882-89, 1910, 1915,
1920, 1925, 1930, 1935, 1940, 1945, 1950, 1955, and 1960.
The tonnages for all other years were estimatel by
determining the average 5-year production percentage
of the area with reference to the year-to-year produc-
tion of the Southern Anthracite field.

The production of the Anthracite region from 1769
to 1960 was 5,227,392,894 met tons. The Southern An-
thracite field in the same period is estimated to have
produced about 755 million net tons and the report area
about 318 million net tons. The value of coal produced
in the Anthracite region from 1890 to 1960 was sbout
$17.1 billion (Moyer and others, 1961, p. 154-155) and
is estimated to have been about $1 billion from 1769
to 1890, for a total of about $18.1 billion from 1769 to
1960. During the same period the Southern Anthracite
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T ABLE 2—Production of anthracite, in net tons, from the Anthracite
region, Southern Anthracite field, and report area

[Southern Anthracite field: Estimated tonnage from 1769-1880 based on average

%ementage of production for years 1880-1960 equals about 70 million. Report area:

stimated percentage from 1769-1880 based on average percentage of production for
years 1880~-1960 equals about 28 million.]

Year Anthracite region!  Southern Anthracite Report area 2
field 2
1960_-___. 18, 817, 441 4, 530, 628 2, 856, 521
1959 .. ___ 20, 649, 286 5, 269, 930 3 3, 200, 000
1958 .. __ 21, 171, 142 5, 086, 583 3 3, 000, 000
1957 ___ 25, 338, 321 6, 061, 879 3 3, 400, 000
1956 - __. 28, 900, 220 7, 425, 427 3 4, 100, 000
1956 .. 26, 204, 554 5, 958, 776 3, 313, 008
1954 .. ___ 29, 083, 477 5, 952, 615 3 3, 100, 000
1953 .. _. 30, 949, 152 7, 352, 940 3 3, 400, 000
1952 _____ 40, 582, 558 8 979 129 3 3, 300, 000
1951 . 42, 669, 997 8 801 942 3 3, 200, 000
1950 . ____ 44, 076, 703 9, 100, 374 3, 264, 940
1949 ___ 42, 701, 724 8, 261, 266 2 2,800, 000
1948______ 57, 139, 948 12, 118, 732 3 4,100, 000
1947 ____ 57, 190, 009 11, 881, 102 3 4, 050, 000
1046 _____ 60, 506, 873 13 203 552 3 4, 500, 000
1945_ _____ 54, 933, 909 12, 290, 357 4, 503, 257
1044 . ___ 63, 701, 363 14, 285 542 3 5,150, 000
1943 _____ 60, 643, 620 12, 006 749 3 4, 350, 000
1942 . ___ 60, 327, 729 10, 123, 626 3 3, 700, 000
1041______ 56, 368, 267 8, 561, 966 3 3, 100, 000
1940 . ___ 51, 484, 640 7, 437, 509 2, 841, 099
1939______ 51, 487, 377 7,051, 710 32,650, 000
1938 ... 46, 099, 027 6 073 139 3 2, 300, 000
1937 ... 51, 856, 433 6 067 922 3 2, 300, 000
1936 .. -_ 54, 579, 535 6, 877, 678 3 2, 600, 000
1935 ___ 52, 158, 783 6, 190, 511 2, 588, 155
1934 _____ 57, 168, 291 7, 467, 559 3 3, 300, 000
1933 ... 49, 541, 344 6, 352, 024 3 2, 800, 000
1932 . .__ 49, 855, 221 7, 030, 323 33, 100 000
1931 .___ 59, 645, 6562 7, 958, 000 3 3, 500, 000
1930 .___ 69, 384, 837 9, 570, 400 4, 989, 655
1929______ 73, 828, 195 10, 394, 720 3 4, 700 000
1928 _____ 75, 348, 069 10, 987, 200 34, 900, 000
1927 __ 80, 095, 564 11, 795, 840 3 5, 300, 000
1926 . ___ 84 437 452 11, 428, 400 3 5, 150, 000
1925 . ____ 61 817 149 8, 812, 160 3, 905, 869
1924 __ . 87 926 862 12, 055, 760 4 800, 000
1923 ... _- 93, 339, 009 13, 544, 160 8 5, 400, 000
1922 ___ 54, 683, 022 8, 076, 320 3 2, 100, 000
1921 __ 90, 473, 451 12, 029, 620 3 4, 800, 000
1920 . ___ 89, 598, 249 13, 227, 200 5, 404, 270
1919______ 88, 092, 201 12, 496, 960 3 5, 200, 000
1918 - ____ 98, 826, 084 14, 252, 000 3 5,900, 000
1917_ .. 99, 611, 811 14, 109, 760 8 5, 050, 000
1916 .- _-_ 87, 578, 493 12, 406, 240 8 5,200, 000
19156 ____. 88, 995, 061 12, 046, 400 5, 365, 475
1914 _____ 90, 821, 507 12, 433, 220 5, 400, 000
1913 _____ 91, 524, 922 12, 679, 530 8 5, 500, 000
1912 ___ 84, 361, 598 3 12, 500, 000 3 5, 450, 000
1911 ___ 90, 464, 067 313, 400, 000 35, 800 000
1910 . 84, 485,236 2 13, 900, 000 5, 838, 972
1909 _____ 81, 070, 359 312, 200, 000 8 5, 200, 000
1908, - -_ 83, 268, 754 3 12, 500, 000 3 5,400, 000
1907 _____ 85, 604, 312 3 12, 800, 000 2 5,500, 000
1906 __ 71, 282, 411 310, 700, 000 3 4, 600, 000
1905 ... 77, 659, 850 3 10, 800, 000 3 4 600, 000
1904 _____ 73, 156, 709 3.9, 500, 000 3 4 100, 000
1903_____. 74, 607, 068 3.9, 700, 000 ¢ 4,200, 000
1902 ____ 41, 373, 595 3 5, 500, 000 3 2, 400, 000
1901 ... 67, 471, 667 3 8, 800, 000 3 3, 800, 000

See footnotes at end of table.

TABLE 2—Production of anthracite, in net tons, from the Anthracite
region, Southern Anthracite field, and report area—Continued

Year Anthracite region 1  Southern Anthracite Report area 2
field 2
57, 367, 915 3 6, 900, 000 3 3, 000, 000
60, 418, 005 3 6, 600, 000 8 2, 900, 000
53, 382, 645 3 5, 900, 000 3 2, 600, 000
52, 611, 681 3 5, 800, 000 3 2,600, 000
54, 346, 081 3 6, 000, 000 8 2, 700, 000
57, 999, 337 3 5, 800, 000 3.2, 000, 000
51, 921, 121 3 4, 600, 000 32,100, 000
53, 967, 543 3 4, 800, 000 3 2, 200, 000
52, 472, 504 3 4,700, 000 3 2, 100, 000
50, 665, 431 3 4, 600 000 32, 100 000
46, 468, 641 3 4, 200, 000 31, 900, 000
45, 546, 970 3, 703, 952 1, 703 519
46, 619, 564 3, 646, 251 1,721, 195
42, 088, 197 3, 971, 418 1, 903, 674
39, 035, 446 3, 838, 727 1, 646, 157
38, 335, 974 3, 970, 638 1, 807, 107
37, 156, 847 3, 537, 407 1, 639, 234
38, 456, 845 3, 541, 124 2, 085, 893
35, 121, 256 3, 198, 974 1 897 761

31, 920, 018 3 3 150 000 8 1 700 000

28, 649, 812 32, 600, 000 21, 500, 000
30, 207,793 . e
21,689, 682 _________________TTTTTIIIIIL
25,660, 316 ____________ T 1T Tl
22,793,245 T T
29 485,766 __________________TTTTTTITTTTTC
24, 818,790 __ . TTTTTTTTTTTTITTTC
26, 152, 837 ___ T ITTIIIITTIITI
24, 233, 166 ___
19, 342, 057

15, 664, 275
17, 083, 134
17, 003, 405
16, 002, 109
15, 651, 183
11, 891, 746
12, 538, 649
11, 785, 320
9, 695, 110
9,799, 654

4,138, 164
3, 995, 334
3, 805, 942

967, 108
1, 008 322
910 075

See footnotes at end of table.
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T aBLE 2—Production of anthracite, in net tons, from the Anthracite
region, Southern Anthracite field, and report area—Continued

Year Anthracite region!  Southern Anthracite Report area 2
field 2
1837 e 1,071,151 e
1836 .. 842, 832 e
1835 o 690, 854 _ e emee
1834 . _ 464, 015 e e
1833 ... 600, 907 _ oo
1832 ... 447,550 e
1831 o 217, 842 e
1830 oo 215,272 e
1829 ... 138, 086 e
1828 . __ 95,500 e
1827 ... T8, 151 o o e e
1826 .. 59,194 _ e e
1825 ____._ 42, 988 e
1824 .. __ 13,685 e
1823 ..__ I S
1822 ... 4,583 e
1821 . _._. 1,322 o e
1807-20__. 332,000 - e
1769-1806 87,270 _ oo e
Total

1960-
1769___ 5, 227, 392, 894 3755, 000, 0004 3 318, 000, 000 +

* Drodge ooat clnded.

3 fl‘on.nage estimated by authors. Estimates based upon average tonnage of pre
ceding and succeeding years.
field is estimated to have produced coal valued at about
$2.6 billion and the report area about $1.1 billion.

About 102 square miles of the report area is under-
lain by coal-bearing rocks of Pennsylvanian age, but
most of the coal has been produced from an area of
about 85 square miles. If all coal production came from
this 85-square-mile area, each square mile would have
produced about 8.7 million net tons valued at about
$12.8 million.

A square-mile foot of anthracite weighs about 1.28
million net tons (Averitt, 1961, p. 18). Each of the 85
square miles has yielded an average of about 2.89
square-mile feet of anthracite. If only 50 to 70 percent
of the original coal was recovered from the mined beds,
an average of 1.23 to 2.89 square-mile feet of coal still
remains in mine workings under each square mile. Thus,
an average of 4.12 to 5.78 square-mile feet of coal was
recovered and disturbed under each square mile. On
the basis of a single coal bed, the number of square-
mile feet recovered under each square mile amounted
to the mining of a bed ranging in thickness from 4.12
feet for 70 percent recovery to 5.78 feet for 50 percent
recovery.

The anthracite of the report area averages about
12,700, or 12.7X10%, BTU (British thermal units) per
pound. A net ton of anthracite thus averages about
254X 10° BTU of energy. The report area has pro-
duced about 8.07X10% BTU of energy, the Southern
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Anthracite field has produced about 19.2X10* BT™U,
and the Anthracite region about 132.7X10% BTU. To
1960, the United States had consumed about 1.5X10
BTU of energy (U.S. Atomic Energy Comm. 1962, p.
18). The report area produced slightly less than 0.6
percent of the total United States energy consumption
before 1960, the Southern Anthracite field slightly less
than 1.4 percent, and the Anthracite region about 9.5
percent.

With respect to the 318 million net tons of antlra-
cite production estimated from the area, hundreds and
perhaps thousands of small underground mines Fave
produced from a few tons to 5,000 net tons, sevesral
hundred underground mines of intermediate size Fave
produced 5,000 to 50,000 net tons, and about 40 lerge
underground mines and numerous strip mines have pro-
duced the remaining tonnage. Principal among the
large underground mines were the Brookside, Black-
wood, Branchdale, Buck Run, Colket, Glendower,
Goodspring, Indian Head, Joliet, Kalmia, Kemn ble,
Lincoln, Lone Eagle, Lorberry, Lytle, Marshfield, Mon-
terey, Oak Hill, Otto, Pine Hill, Pine Knot, Phoenix,
Primrose, Salem, Short Mountain, Thomaston, Tower
City, Westwood, Williamstown, and Valley View mines.
The principal surface openings of some of these large
mines are shown on the coal maps (Wood and Trerler,
1968b, ¢) where they have not been destroyed by strip
mining, by dismantling, or by passage of time.

GEOLOGY

COAIL BEDS

Coal beds are in the Spechty Kopf Member of the
Catskill Formation; the Beckville and Mount Carhon
Members of the Pocono Formation ; the Tumbling Pun,
Schuylkill, and Sharp Mountain Members of the Potts-
ville Formation; and the Liewellyn Formation. They
are commercially minable only in the Pottsville and
Llewellyn Formations, although prospectors @=ve
opened up a humber of thin or shaly coal beds at pl~ces
in the outerop belts of the Spechty Kopf, Beckville, and
Mount Carbon Members.

About 60 coal beds are known in the Pottsville and
Llewellyn Formations, and 52 have been mined. 11ost
of these coal beds are not persistent over the entire out-
crop of these formations; many, however, underlie con-
siderable parts. Only the more extensive stratigraph-
ically and economically important coal beds are de-
scribed below. In addition, only those beds more than
14 inches or about 1.2 feet thick are shown on the coal
maps and structure sections (Wood and Trexler, 1848b,
c).

The coal beds of the Pottsville and Llewellyn Fovma-
tions are so similar in their characteristics that the are
difficult to correlate by physical and chemical prop-
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erties. Most consist of banded anthracite with alterna-
ting bright bands of vitrain and bright attritus and
dull bands of fusian, dull attritus, and impure or bony
coal (Wagner, 1953, p. 3-6).

In the northeastern and central parts of the area the
coal beds are largely anthracite characterized by alter-
nating bright jetlike layers and very fine granular dull
layers. The bright layers commonly have a brillant
vitreous luster and break into hackly surfaces along
conchoidal fractures. The thicker bright layers gen-
erally are well jointed or cleated. The layers of finely
granular dull coal commonly have a smooth matte sur-
face and a nonvitreous luster except for isolated bright
specks of vitrain. Thick finely granular layers are con-
spicuous in many outcrops of coal because of their rela-
tive lack of jointing or cleating.

West of Brookside mine in Tower City and Lykens
quadrangles (Wood and Trexler, 1968¢c, sheets 1,3) and
west of Kalmia mine in Tower City quadrangle (Wood
and Trexler, 1968c, sheet 2) the coal beds are largely
semianthracite and consist of alternating layers of
bright and fine granular dull coal. The bright layers
are generally fractured by a closely spaced cubical or
prismatic cleat which causes the coal to break into small
fragments instead of the larger conchoidal fragments
typical of the anthracite of the northeastern and central
parts of the area.

Many of the coal beds south of the Joliet anticline
and the Newton fault have been fractured into inco-
herent masses of “potato chiplike” fragments, the
“shelly” coal of miners.

The floor rocks of the coal beds of the Pottsville For-
mation are mainly shale and siltstone, and the roof
rocks are mainly sandstone and conglomerate. How-
ever, the type of floor and roof rock commonly is not
consistent for more than a few hundred feet.

Roof and floor rocks of the coal beds of the Llewel-
Iyn Formation are chiefly shale and siltstone, but in a
few places they are sandstone and conglomerate. The
type of roof and floor rock is not consistent from place
to place, however, and is described only if known
to persist for considerable distance along strike or
downdip.

COAL BEDS OF THE TUMBLING RUN MEMBER OF THE
POTISVILLE FORMATION

Six coal beds have been recognized in the Tum-
bling Run Member over considerable parts of the area.
Three of these, the Liykens Valley Nos. 4, 5, and 6 coal
beds underlie much of the area and are described here-
after. The others, the Lykens Valley Nos. 334, 3%,
and 7 coal beds, are recognized only in the western
part of the area and are not described. The strati-
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graphic position of each of these coal beds is described
in the chapter on the Tumbling Run Member and
illustrated on plates 14, 15, and 16.

LYKENS VALLEY NO. 6 COAL BED

The Lykens Valley No. 6, or “Little,” coal bed has
been mined on the south limb of the Donaldson
syncline and on the north limb of the Druphin syn-
cline in the Lykens and Tower City quadrangles
(Wood and Trexler, 1968¢c, sheets 1-3). It has been
opened in many prospects, trenches, and small mines
on Broad Mountain and in the Dam, Forostville, and
Little Mountain synclines in the Minersville, Tremont,
and Valley View quadrangles (Wood and Trexler,
1968b, sheets 1, 3; 1968c, sheet 1). West of the west-
ern part of the Tremont quadrangle the average thick-
ness of the bed is 4.4 feet, of which 4.2 feet i< coal (table
3). The average thickness of the bed and cf the coal is
much less elsewhere in the area.

The Lykens Valley No. 6 coal bed was mined from
about 1,600 feet above sea level to a depth of about 1,000
feet below sea level in Williamstown mine. It was also
mined extensively in the Short Mountain, Brookside,
Big Lick, and Kalmia mines.

LYKENS VALLEY NO. 5 COAL BED

The Lykens Valley No. 5, or “Big,” coal bed was
mined intensively in the Donaldson syncline west of
Tremont, in the Dauphin and Lorberry synclines west
of Rausch Ceek, and across the crest of tha Joliet anti-
cline (Wood and Trexler, 1968b, sheets 8,4 ; 1968c, sheets
1, 3). Where initensively mined, this bed averaged 9.3
feet in thickness and contained an average of 8.1 feet
coal (table 3). Farther east the bed has be~n opened by
many strip pits, small mines, and trenckss on Broad
Mountain and in the Dam, Forestville, and Little Moun-
tain synclines. The thickness decreases rapidly eastward,
and commercial mining seems to have been unprofitable
east of the west boundary of the Minersville quadrangle
(Wood and Trexler, 1968b, sheets 1,2).

The roof rock of the Liykens Valley No. 5 coal bed is
sandstone or conglomerate, and the floor rock is shale
at most places. Coal from the bed commorly consists of
layers of vitrain, bright attrital coal, impure coal, and
dull attrital coal that average 14 to 1 inck. in thickness.
Thin to thick partings of siltstone and shale are common
at many places in the Liykens Valley No. 5.

Much of the coal produced in the western part of the
area was obtained from this bed at the Short Mountain,
Big Lick, Brookside, Tower City, Valley View, Porter,
and Williamstown mines. In the Williamstown mine,
workings on this bed extend from 1,600 feet above sea
level to about 2,200 feet below sea leve', the deepest
known mining in the Southern Anthracite field.
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TABLE 3.—Average thickness and range in thickness of Llewellyn and Potisville coal beds based on 5,030 observations
[Thicknesses obtained from mining company data]

Bed thickness (feet) Coal thickness (feet) Aversee
Member, and coal bed amo;m*, of
refusa
Average Maximum Minimum Average Maximum Minimum (percent)

Llewellyn Formation
NoO. 20 e
2 L e
2T e e
%G .............................................................................................................
15 2
24 e 3.0 3.5
B8 AT 0 50
ggi}ﬁiZIZIZZIZIZIZZIIIZZZIIZZIZIZIIZIIZZI 3.0 5.0
Faust (21)_____ LI 5.8 1.0 S &0 6.0 0.1 31
':I-[‘{abbitl', ?o%e (20) - oo - 1 2.3 g 8 . é 1 % 2 g 0 .1 ®
unnel (19)___ _________ ________ 3. . . .5 .0 .1 16
Peach Mountain (18)_______ o ____ 8.0 19.0 .4 6.0 17.5 .3 25
Little Tracy (17) c o oo 6. 4 14.0 .5 4.7 14.0 .1 26
fare e Fool 0o I R R
acy (16) . e . . . . . .
Iéitﬂe Cl(mtgg)(w/ ) R ! 3(7) ;% . i : gg ;- 1 .1 gg
inton (1534) ______ . 1 2. . . . .1 .1
Lﬁ/tle Diamond (15) - _ . _____________________ . ‘{g ig 1.? . ?g ig i (2)39
1414 o e . . . . . .
Diamond (14) .- e 6.9 13.4 1.0 5.6 10.0 .5 19
g’lf/mond Leader (14L) . _ .. i ? g 'i% . } i ?g '{g . % gg
Eftgf?g%&%g&f(iéff::ffIIZZZIZIZI:ZZ::Z:Z:Z:I: éfg 1228 Ig 1 gig lgﬁo Ig ...... 55
rchard (12) _______ __ . . . . . .0 .
Primrose (11) ... . 10.0 23.3 1.5 8.4 21.0 .1 16
Holmes (10) .- e 8.9 384.7 .3 8.2 3 80.0 .1 8
Holmes Leader (10L)___________________________ 10.3 1.2 .1 1.3 1.2 .1 ® .
Top Spliy (0) o P £3 300 5 74 300 1 i
op Split (9) - . . . . . . .
Mlddle Split (8Y4) - - (85 '; 421). g .9 2 é lg. % .1 gO
__________________________________________ . . .1 . . .1 1
Bottom Split (8) oo e 8.2 380.0 1.0 6.1 3 56.2 .1 25
Skidmore (7). e 7.0 20.0 .4 5.4 11.5 .1 23
Skidmore Leader (7L)______ ____________________ 3.0 6.5 .1 1.4 2.5 .1 33
Seven Foot (6) . _______ __ o ___ 5.2 19.6 .2 3.7 11.5 .1 29
Seven Foot Leader (6L)_____________________._.__ 1.3 2.8 .2 1.3 2.8 .1 ®)
Buck Mountain (5) < - - o o __ 6.9 16. 4 .5 4.7 12. 5 .2 22
Pottsville Formation
Sharp Mountain Member
gittle Bsuck1 1\3/Iountain (4) oo 138 ig g 0. é g % ié 2‘. 0. % gé
cotty Steel 3. __ . . . . . .
Scotty Steel 2. o 11.8 4.9 .1 11.8 4.9 .1 ®
Schuylkill Member
Lykens Valley 1. o ... 1.9 10.0 .1 1.1 10.0 .1 42
Dot ol P I S A T I
ykens €Y 2o e . . . . . .
Lykens Valley 3. ____ 4.2 10. 4 .1 1.3 10. 4 .1 69
Lykens Valley 314 11.4 4.3 .2 11.4 4.3 .2 ®
Tumbling Run Member
Lykens Valley 834 - . _ . 11,2 2.1 .2 11.2 2.1 .2 *
ke vy i PR S Y B R
ykens ey 4. _ o . . . . . .
Lykens Valley 5_ . _ . 9.3 23.0 .9 8.1 23.0 .1 15
Lykens Valley 6. . ___ _ ___ . 4.4 12.0 .1 4.2 12.0 .1 4.5
Lykens Valley 7 .. 5.9 12. 8 .1 3.3 11.1 .1 34
1 Thickness data concentrated in a small area and not widespread enough to 2 Data insufficient to calculate average percentage of refuse.
determine adequately average thickness. $ Thickened by structural adjustments,

316-352 O - 69 - 9
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LYKENS VALLEY NO. 4 COAL BED

The Lykens Valley No. 4, or “Whites,” coal bed was
mined intensively west of Goodspring in the Donaldson
syncline (Wood and Trexler, 1968b, sheet 3; 1968c,
sheets 1, 3) and west of Rausch Creek in the Dauphin
and Lorberry synclines and the Joliet and Georges
Head anticlines (Wood and Trexler, 1968b, sheet 4;
1968c, sheet 2). In these areas this bed averages about
4.4 feet thick and contains an average thickness of 3.5
feet coal (table 3).

Many small mines, trenches, strip pits and prospect
pits have been opened on the Lykens Valley No. 4 coal
bed east of the area of intensive mining. The bed de-
creases rapidly in thickness eastward and is not com-
mercially minable east of the west border of the Miners-
ville quadrangle (Wood and Trexler, 1968b, sheet 1).

The Lykens Valley No. 4 coal bed is commonly over-
lain and underlain by conglomerate and sandstone, but
locally, the enclosing rocks are shale and siltstone. The
coal generally consists of bands of vitrain, bright at-
trital, impure, and dull attrital coal, which range in
thickness from 14 to 1 inch. Thin partings of claystone
and shale are common.

Much of the coal produced in the Lykens and Tower
City quadrangles was extracted from the Lykens Valley
No. 4 coal bed at the Short Mountain, Big Lick, Wil-
liamstown, Brookside, Tower City, Valley View, and
Porter mines. Workings on this bed extended to nearly
2,200 feet below sea level in the Williamstown mine.

COAL BEDS OF THE SCHUYLKILL MEMBER OF THE
POTTSVILLE FORMATION

Four rather persistent coal beds have been recognized
in the Schuylkill Member, and a fifth nonpersistent bed
has been mapped locally. From the base up, these are the
Lykens Valley Nos. 314, 3, 2, 114, and 1 coal beds. Other
nonpersistent coal beds are shown on the graphic sec-
tions of the member (pls. 1-8), but are not shown on the
coal maps (Wood and Trexler, 1968b, ¢) because they
are less than 1.2 feet thick. The stratigraphic position of
these four persistent beds and the local coal bed are
briefly described in the section on the Schuylkill Mem-
ber. The nonpersistent Lykens Valley No. 315 coal bed
is not described hereafter.

LYKENS VALLEY NO. 3 COAL BED

The Lykens Valley No. 3 coal bed has been mined and
prospected at many localities in the area, but it has not
been identified in the eastern part of the Minersville
quadrangle on Broad and Sharp Mountains (Wood and
Trexler, 1968b, sheets 1, 2). It is commonly overlain
and underlain by conglomerate and sandstone and aver-
ages 4.2 feet thick, of which 1.3 feet is coal (table 3).
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This bed has been heavily mined in the Towver City and
Brookside mines of the Tower City quadrangle (Wood
and Trexler, 1968b, sheet 1). Large-scale mining appar-
ently has been unprofitable elsewhere.

LYKENS VALLEY NO. 2 COAL BED

The Lykens Valley No. 2 coal bed has been recognized
throughout the area, except on Sharp Mountain in the
eastern part of the Minersville quadrangle and on Big
Lick Mountain west of Wiconisco in the Lykens quad-
rangle (Wood and Trexler, 1968b, sheet 2; 1968c, sheet
3).

The Lykens Valley No. 2 is the thickest coal bed of
the Schuylkill Member and averages 9.2 feet thick in
the western part of the area; 8.9 feet is coal (table 3).
It reaches a maximum thickness of about 14.5 feet in
the Brookside mine (Wood and Trexler, 1968c, sheet
1). The bed thins east and northeast from the Penag
mine in the Tremont quadrangle and is too thin to mine
profitably in the northern part of the Minersville quad-
rangle (Wood and Trexler, 1968b, sheets 1, 3).

In its few exposures the Lykens Valley No. 2 coal bed
consists of alternating 14 to 1 inch bands of vitrain,
bright attrital coal, impure coal, and dull attrital coal.
The refuse in the bed averages about 3 percent, which
is much lower than the refuse percentages determined
for any other bed (table 3).

At about half the localities where the Lykens Valley
No. 2 coal bed has been mined, the floor is shale and
siltstone. Conglomerate and sandstone forms the floor
at all other places. The roof is predominantly conglo-
merate and sandstone, but in the Brookside and Tower
City mines it is shale.

LYKENS VALLEY NO. 115 COAL BED

The Lykens Valley No. 114 coal bed has been recog-
nized throughout the area, except in the no~thern parts
of the Swatara Hill and Tremont quadrangles and the
Minersville quadrangle (Wood and Trexler, 1968b,
sheets 1-8). This bed averages 1.6 feet thick and reaches
a maximum thickness of 4.0 feet (table 3) in the Tower
City mine (Wood and Trexler, 1968c, sheet 1). It has
been exploited by numerous small mines and exposed
in many trenches and prospect pits, but it is not con-
sidered to be minable under present economic conditions.

LYKENS VALLEY NO. 1 COAL BED

The Lykens Valley No. 1 coal bed lies 5 to 50 feet
below the top of the Schuylkill Member and has been
exposed at many small mines, prospect pits, and
trenches throughout most of the area. The average
thickness is 1.9 feet (table 3), and the co~l has been
worked extensively only in the Lincoln mine (Wood and
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Trexler, 1968b, sheet 4), where the bed reaches a maxi-
mum thickness of 10.0 feet, of which 4 to 6 feet is good
coal.

Where exposed, the Lykens Valley No. 1 coal bed is
almost invariably intensively fractured and consists of
a mass of “shelly” coal in which all evidence of original
bedding has been obliterated. This fracturing suggests
that the bed was the site of much differential bedding-
plane movement that resulted from structural adjust-
ments in incompetent beds between the competent sand-
stones and conglomerates of the Schuylkill and Sharp
Mountain Members.

At most places the Lykens Valley No. 1 coal bed is
too thin and fractured to mine under present economic
conditions.

COAL BEDS OF THE SHARP MOUNTAIN MEMBER OF THE
POTTSVILLE FORMATION

The Scotty Steel Nos. 2 and 8 coal beds of the Sharp
Mountain Member are recognized over much of the
area, and the overlying Little Buck Mountain (No. 4)
coal bed is known in the northern part of the area in
the Minersville and Tremont quadrangles (Wood and
Trexler, 1968b, sheets 1-3). Several other nonpersistent
coal beds are shown on the graphic sections (pls. 1-3),
but are not shown on the coal maps because of their
thinness.

SCOTTY STEEL NO. 2 COAL BED

The Scotty Steel No. 2 coal bed is present throughout
the area, except east of the Penag mine in the south-
central part of the Tremont quadrangle and on Sharp
Mountain in the Tower City, Pine Grove, Swatara Hill,
and Minersville quadrangles (Wood and Trexler, 1968b,
sheets 2—4; 1968c, sheet 2). It averages 1.8 feet thick
(table 3) and reaches a maximum of 4.9 feet in Penag
mine, but it is too thin to be commercially exploited at
most places in the foreseeable future.

The floor and roof rocks of the Scotty Steel No. 2
coal bed vary from place to place, but the floor is pre-
dominantly sandstone and conglomerate, and the roof
is most commonly shale. Coarse conglomerate, which
composes the bulk of the middle and lower parts of the
Sharp Mountain Member, generally lies a few inches to
a few feet below the coal bed. This stratigraphic rela-
tionship was a great aid in tracing the coal beds of the
upper part of the member and the lower part of the
Llewellyn Formation.

SCOTTY STEEL NO. 3 COAL BED

The Scotty Steel No. 8 coal bed, which has been mined
at many places in the area, lies stratigraphically 8 to
100 feet below the Buck Mountain (No. 5) coal bed. It
thins out eastward on Sharp Mountain in the Miners-
ville quadrangle (Wood and Trexler, 1968b, sheet 2),
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is absent or thin in the Peaked Mountain anticline and
Little Mountain syncline in the Tremont quadrengle
(Wood and Trexler, 1968b, sheet 3), is not known on the
limbs of the Joliet anticline and Tremont syncline in
the Pine Grove and Tower City quadrangles (V7ood
and Trexler, 1968b, sheet 4; 1968c, sheets 1, 2), and
thins out westward in the central and western parts of
the Lykens quadrangle (Wood and Trexler, 1968c, sheet
3). Its average thickness is 10.9 feet, of which 8.1 feet is
coal (table 3). A maximum thickness of 18.7 feet is
recorded in the Goodspring mine (Wood and Trexler,
1968b, sheet 3).

The No. 3 coal bed is a banded anthracite composed
of alternating layers of vitrain, bright attrital coal, im-
pure coal, dull attrital coal, and partings of siltstone
and claystone. Individual layers are 14 inch to 1 inch
thick and average about 14 inch.

The Scotty Steel No. 8 coal bed was misidentified and
mined as the Buck Mountain coal bed of the Llewelyn
Formation at several localities south of the Mine Hill
fault complex. At these localities the Buck Mountain
is thin and impure, and the Scotty Steel is thick and
relatively clean. Misidentification was most comwon
in mines near Donaldson, in mines in the Dam syncline,
and at places between Donaldson and the synclirs in
Tremont quadrangle (Wood and Trexler, 1968b, cheet
3). The Buck Mountain is thick and has been irten-
sively mined north of the complex, whereas the Scotty
Steel is thin or absent. South of the complex, the Buck
Mountain is thin, and the Scotty Steel is thick and has
been intensively mined. Before this survey, the thick
Buck Mountain north of the complex had been mis~or-
related southward with the thick Scotty Steel.

LITTLE BUCK MOUNTAIN (NO. 4) COAL BED

The Little Buck Mountain (No. 4) coal bed is rec-
ognized only in the Tremont and Minersville quad-
rangles (Wood and Trexler, 1968b, sheets 1-8). North
of the Mine Hill fault complex it underlies the Heck-
schersville, Jugular, Little Mountain, and Rohres-ille
synclines, the south limb of the Powder Hill anticline,
and the limbs and crests of the Peaked Mountain and
Mine Hill anticlines. South of the fault complex it crops
out on the limbs of the Dam and Forestville synclines
and Crystal Run anticline and thins out southwestvard
in the northeastern part of the Tremont quadrangle.

The No. 4 is the uppermost coal bed of the St~rp
Mountain Member and commonly lies less than 20 feet
below the Buck Mountain coal bed of the Llewellyn
Formation. Locally, however, it is as much as 50 feet
below. Its thickness averages about 7.0 feet, contain~ an
average of 4.1 feet coal (table 8), and reaches a m~xi-
mum thickness of about 16.0 feet in the Pine Fmnot
mine (Wood and Trexler, 1968b, sheet 1). On the flenks
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and crest of the Mine Hill anticline, the Little Buck
Mountain is divided into two benches called the Bottom
Split (4B) and the Top Split (4T) (Wood and Trexler,
1968b, sheet 1).

Conglomerate, sandstone, siltstone, and shale each
constitute the roof and floor in about an equal number
of places, but the roof ismainly shale and siltstone where
the Little Buck Mountain is less than 15 feet below the
Buck Mountain coal bed.

The Little Buck Mountain coal bed has been inten-
sively exploited in many of the large and small under-
ground mines in the Jugular, Heckscherville, Little
Mountain, and Rohresville synclines and on the Mine
Hill, Peaked Mountain, and Crystal Run anticlines.
It has also been extensively strip mined on the crest and
upper flanks of the Mine Hill anticline.

COAL BEDS OF THE LLEWELLYN FORMATION

Several hundred million tons of anthracite have been
extracted from the Llewellyn Formation in the area. Of
the 52 coal beds that have been mined, 38 beds are in this
formation. The more productive of these beds are the
Bottom Split (No. 8), Middle Split (No. 814), and Top
Split (No. 9) coal beds of the Mammoth coal zone. Less
productive coal beds are the Buck Mountain (No. 5),
Skidmore (No. 7), Holmes (No. 10), Primrose (No.
11), Orchard (No. 12), Little Orchard (No. 13), Dia-
mond (No. 14), Tracy (No. 16), Little Tracy (No. 17),
and Peach Mountain (No. 18). The Seven-Foot Leader
(No. 6L), Seven Foot (No. 6), Skidmore Leader (No.
7L), No. 814, Lower Four Foot (No. 914), Holmes
Leader (No. 10L:), Little Diamond (No. 15), Upper
Four Foot (No. 1614), Tunnel (No. 19), and Rabbit
Hole (No. 20) coal beds have been mined at many places,
but have been of much less economic importance. The
Diamond Leader (No. 14L), No. 1414, No. 15R, Clinton
(No. 1534 ), Little Clinton (No. 1514), and Faust (No.
21) coal beds have been prospected at many places, but
except for local thick pods of coal, have been of little
economic importance. The 22, 221, 2814, 24, 25, 26, 27,
28, and 29 coal beds, which lie above the Faust bed in the
upper part of the Llewellyn, crop out in small parts of
the area, generally are variable from place to place in
purity and thickness, and have been little prospected
or mined. Other coal beds are locally recognized in the
Llewellyn, but are too thin and too limited in areal
extent to be of economic importance,

Only those coal beds that have been of economic im-
portance because of production or of stratigraphic im-
portance because of widespread occurrence are described
below.
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BUCK MOUNTAIN (NO. 5) COAL BED

The Buck Mountain (No. 5), also known as the
Twin or Umbahauer, coal bed has been c¢f consider-
able economic importance in the area. Although it is
less than 2 feet thick at some places, this bed has been
traced throughout the area. Its average thickness is 6.9
feet, of which 4.7 feet is coal (table 3). A. maximum
thickness of 16.4 feet is reached in the Pins Knot and
Thomaston mines (Wood and Trexler, 196¢h, sheet 1).

At most places the Buck Mountain bed i~ composed
mainly of bright attrital coal with thin 1/16 to 14 inch
layers of vitrain and dull attrital coal. Bory layers of
coal are common near the base of the bed and in the
upper 1 foot. The bed is dirty and has been vnprofitable
to work in the vicinities of the Penag, Goodspring,
Joliet, Westwood, New Lincoln, Lincoln, and Tower
City mines.

The Buck Mountain commonly rests on a fissile to
nonfissile coaly shale sequence 0 to about 1( feet thick.
Where this shale is absent, the coal rests directly on
the uppermost sandstone or conglomerate of the Sharp
Mountain Member of the Pottsville Formation. For
example, at many places along Sharp Mountain in
the Minersville quadrangle (Wood and Trexler, 1968b,
sheet 2), the coal of the Buck Mountain bed is in con-
tact with the upper coarse conglomerate of that member.
Locally, the shale at the base of the Bucl Mountain
contains numerous fossil plant impressions, and at other
places, Stigmaria impressions are common.

The Buck Mountain is the lowest commercially work-
able coal bed in the Llewellyn Formation. It has been
previously miscorrelated with the Scotty Steel No. 3
coal bed in mines near Donaldson, in mines in the Dam
syncline, and in the intervening area (Wood and
Trexler, 1968b, sheet 8). (See Scotty Steel No. 3 coal bed
for a more complete description.) In addition, it was
mined as the Skidmore (No. 7) coal bed in the Williams-
town, Big Lick, and Short Mountain mines (Wood and
Trexler, 1968c, sheet 3).

About 800 thickness measurements, made largely by
employees of mining companies, indicate that the Buck
Mountain is thinnest in the Brookside, Tower City, and
Valley View mines (Wood and Trexler, 196¢+, sheet 1).
It increases gradually in thickness toward the northeast
from an average of about 4.0 feet in there mines to
about 7.8 feet in the Heckscherville syncline and to-
ward the west to about 5.8 feet near Wisconisco (Wood
and Trexler, 1968b, sheet 1; 1968¢c, sheet 3). Similarly,
the average thickness of the coal in the bed increases
from about 3.0 feet in these mines to 5.5 feet in the Heck-
scherville syncline and 4.1 feet near Wisconis-o.
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SBEVEN FOOT (NO. 6) COAL BED

The Seven Foot (No. 6) coal bed has been recognized
throughout the area, except between Swatara Creek and
the Colket mine and east of the Blackwood mine on
Sharp Mountain (Wood and Trexler, 1968b, sheets 2,
3). Elsewhere, this bed averages 5.2 feet thick, of which
3.7 feet is coal. It reaches its maximum thickness of 19.6
feet in the Tower City mine (table 3). The average and
maximum thicknesses were derived from about 150
measurements, largly made by employees of mining
companies. The Seven Foot coal bed has not been as
intensively mined as have the adjacent coal beds in the
Llewellyn.

SKIDMORE (NO. 7) COAL BED

The Skidmore (No. 7) coal bed has been mined in-
tensively and has been of considerable economic im-
portance. It is less than 1.2 feet thick in the vicinity of
Middle Creek (Wood and Trexler, 1968b, sheet 3), but
elsewhere averages 7.0 feet, of which 5.4 feet is coal
(table 8). The Skidmore attains a maximum thickness
of about 20.0 feet in Thomaston mine (Wood and Trex-
ler, 1968b, sheet 1). The average and maximum thick-
nesses were obtained from about 400 measurements
made largely by employees of mining companies. The
Skidmore bed is relatively dirty and impure at the
Colket, Middle Creek, Goodspring, Joliet, Westwood,
and Lincoln mines.

The Skidmore is a banded anthracite that commonly
consists, from the top down, of a 4- to 12-inch bench
of interbedded layers of bright attrital coal and vitrain;
a 6- to 15-inch bench of dull attrital coal, impure coal,
or bone, a 6- to 24-inch bench of bright attrital coal con-
taining thin lenses of vitrain, an 8- to 30-inch bench of
bright attrital coal and vitrain interbedded in 2-to 5-
inch layers, an 8- to 30-inch bench of vitrain, a 6- to
18-inch bench of dull attrital coal, and a basal bench
of 2 to 10 inches of bright attrital coal.

Locally, the Skidmore and Bottom Split (No. 8) coal
bed are close together. In the Buck Run mine on the
morth limb of the Rohresville syncline (Wood and
Trexler, 1968b, sheet 1), these coal beds almost merge
at the surface, and underground mining records indicate
either that they merge or are so close that they were
mined together. However, at most jplaces 40 to 50 feet of
rock separates these coal beds, and the maximum strati-
graphic separation is slightly more than 120 feet near
the John Veith shafts (Wood and Trexler, 1968b, sheet
2).

The Skidmore coal bed was mined as the Top Split
(No. 9) coal bed in the Williamstown, Big Lick, and
Short Mountain mines (Wood and Trexler, 1968c, sheet
3). It has been locally mined as the White Ash, Dirt,
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or Barclaugh bed on Sharp Mountain and as the Eilly
Best bed at places in the Heckscherville syncline (Wood
and Trexler, 1968b, sheets 1, 2).

BOTTOM SPLIT (NO. 8) COAL BED

The most widely mined coal bed in the area is the
Bottom Split (No. 8) bed of the Mammoth coal zone;
however, the tonnage produced may not exceed that ex-
tracted from the Middle Split (No. 8%4) and Top Split
(No.9) coal beds.

Locally, the Bottom Split is less than 1.2 feet thick
in small areas, but the outcrop of the bed is shown as be-
ing continuous on the coal and geologic maps and the
structure sections (GQ-689, 690, 691, 692, 698, 699, 701;
Wood and Trexler, 1968b, ¢).

The Bottom Split has been mined under a variety
of names. Principal among these names are the Daniel or
Jugular beds in the Heckscherville syncline, the Black-
heath bed south of the Mine Hill anticline, the White
Ash, Big Dirt, Heister, or Barclaugh beds on Srarp
Mountain, the No. 9 1/2 beds in the Lykens quadrangle
(Wood and Trexler, 1968b, sheets 1, 2, 4; 1968c, sheet
3), and the Mammoth bed at many places throughout
the area.

At most places the Bottom Split is underlain and
overlain by shale or siltstone. The roof shale commonly
contains a well-preserved fossil flora, and the floor shale
usually contains impressions of Stigmaria, plant
branches, tree trunks, and numerous ironstone corcre-
tions that range in diameter from about 1/2 inch to
3 feet.

The Bottom Split coal bed averages 8.2 feet thick and
contains an average of 6.1 feet of coal (table 3). It
reaches a maximum structurally deformed thickners of
about 80.0 feet in the Pine Knot mine in the upper plate
of Jugular fault (Wood and Trexler, 1968b, sheet 1).
The stratigraphic thickness near this locality generally
is about 20.0 feet, and the 80.0 foot thickness is the
result of disharmonic folding, plastic flow, and fracture
flow as the bed was dragged against the lower plate of
the Jugular fault. The average and maximum thick-
nesses were determined from about 500 measurements
largely obtained from mined records. The local average
thickness of the Bottom Split gradually increases east-
ward from 2.5 feet in the Lykens quadrangle to 11.0 feet
in the eastern part of Minersville quadrangle (Wood
and Trexler, 1968b, sheet 1; 1968c, sheet 3).

At the few localities where the Bottom Split could
be examined, it is a banded anthracite consisting, from
the top down, of the following sequences: 10 to 28
inches of bright attrital coal containing vitrain layers
1/16 to 1/2 inch thick, 8 to 18 inches of bright attrital
coal containing local partings of bone or impure coal,
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15 to 28 inches of bright attrital coal and thin laminae of
vitrain, 6 to 14 inches of dull attrital coal, and 20 to
42 inches of bright attrital coal containing many thin
laminae of vitrain. Locally, fusain layers as much as
one-sixteenth inch thick are present in the lower 20-
to 42-inch bench.

MIDDLE SPLIT (NO. 8%) COAL BED

The Middle Split (No. 814) coal bed of the Mammoth
coal zone has been one of the principal sources of anthra-
cite in the area. It has not been so widely mined as the
Bottom Split coal bed, but it has been worked much
more intensively at a number of large mines. The Mid-
dle Split has been traced throughout the area, except
where it. merges into the Top Split (No. 9) coal bed
from a point near the west border of Minersville quad-
rangle to near Blackwood mine (Wood and Trexler,
1968b, sheet 2), and except where it is combined with
the Bottom Split coal bed for a distance of about 500
feet near the east border of the same quadrangle (Wood
and Trexler, 1968b, sheet 1).

The Middle Split has been mined under a variety of
names in the area. In the Heckscherville syncline it
was known as the Lelar bed, and south of the Mine Hill
anticline it was mined as the Middle Branch and Seven
Foot bed (Wood and Trexler, 1968b, sheet 1). On Sharp
Mountain in the Pine Grove and Tower City quad-
rangles (Wood and Trexler, 1968b, sheet 4; 1968c¢, sheet
2), it has been called the Big Dirt, White Ash, Four
Foot, and Barclaugh bed, and in the Lykens quadrangle
(Wood and Trexler, 1968¢, sheet 3) it was mined as the
Holmes (No. 10) bed. At many places it was known
simply as the Mammoth bed.

Shale and siltstone generally are the floor and roof
rocks of the Middle Split, but from the vicinity of New
Mines to the Colket mine (Wood and Trexler, 1968b,
sheets 2, 3), the bed is overlain by a coarse pebble and
cobble conglomerate that resembles the basal con-
glomerate of the Sharp Mountain Member of the Potts-
ville Formation.

The Middle Split averages 8.7 feet thick and contains
an average of 6.1 feet of coal (table 3). It reaches a
maximum thickness of 41.4 feet in Colket mine (Wood
and Trexler, 1968b, sheet 3). The average and maximum
thicknesses are from about 400 measurements that were
largely obtained from mine records. The bed thins in all
directions from the Colket mine, but thins less rapidly
to the northeast than in other directions.

‘Where observed, the Middle Split coal bed is a banded
anthracite consisting of thin to thick layers of bright
attrital coal, vitrain, dull attrital coal, and impure coal.
Locally, thin layers of fusain are scattered throughout
the bed, and benches of bony coal are present in the
upper and lower parts.
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TOP SPLIT (NO. 9) COAL BED

The Top Split (No. 9) coal bed has beer one of the
principal sources of anthracite and is recognized
throughout the area. Stratigraphically, it is important
because it is the uppermost bed of the Llewellyn Forma-
tion that has been intensively mined in alrost all the
large mines in the area. In the Heckscherville syncline
it was known as the Crosby bed (Wood and Trexler,
1968b, sheet 1). South of the Mine Hill anticline it was
called the White Ash, or Four Foot, bed, and on Sharp
Mountain it was known variously as the P’tch, Dan’s,
Dirt, Barclaugh, and White Ash beds (Wood and Trex-
ler, 1968b, sheets 1, 2). In the Liykens quadrengle it was
mined as the Primrose (No. 11) bed (Wood and Trex-
ler, 1968c, sheet 3). In addition, at many places where
the Top Split is exceptionally thick, it has been known
as the Mammoth bed.

The roof and floor rock of the Top Split is commonly
shale and siltstone, but locally, conglomerat> and sand-
stone rest directly on the coal bed (pls. 1-3). Generally,
the roof rock contains a well-preserved fossil flora, and
the floor rock contains numerous Stigmaria impressions.

The Top Split coal bed averages 8.3 feet thick, of
which 7.4 feet is coal (table 8). The maximum thick-
ness is about 80.0 feet in Pine Knot mine (Wood and
Trexler, 1968b, sheet 1). The average and maximum
thicknesses of the Top Split were obtained from about
600 measurements largely made by mining company
employees. The bed gradually thins southwertward and
southward from an average thickness of about 11.2 feet
in the Heckscherville syncline (Wood ard Trexler,
1968b, sheet 1) to an average thickness of 4.8 feet in
the western and southern parts of the area. Fefuse aver-
ages about 11 percent of the bed, which is considerably
less than the refuse content of the other coal beds in the
Mammoth coal zone (table 3). Despite this low refuse
content and the high average thickness, the Top Split
coal bed has not been as important commercially as
either the Middle or Bottom Splits.

At a few localities where the Top Split was exposed,
it was a bright banded anthracite, which consisted from
the base up of a 1- to 3-foot unit of bright sttrital coal
containing thin layers of impure coal or bone near the
base, a 2- to 4-foot unit of vitrain containing thin lam-
inae of fusain, and a 2- to 4-foot unit of bright attrital
coal containing 14- to 14-inch layers of vitr~in.

HOLMES (NO. 10) COAL BED

The Holmes (No. 10) coal bed has been ar important
source of anthracite throughout the area. It was mined
as the Church bed in the Heckscherville syncline, as the
Black Heath bed in the vicinity of Donaldscn and Tre-
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mont, as the Pat Martin, Little Orchard (No. 12), or
Twin bed in the Lykens quadrangle, as the No. 1 or
Peacock bed on Sharp Mountain, and as the Black Mine
bed near Silverton (Wood and Trexler, 1968b, sheets
1-4; 1968c, sheets 2, 3).

The Holmes bed averages 8.9 feet thick, of which 8.2
feet is coal (table 3). The maximum recorded thickness
is about 84.7 feet in the trough of Heckscherville syn-
cline (Wood and Trexler, 1968b, sheet 1). This enor-
mous thickness, the greatest recorded for any coal bed
in the area, was caused by structural flowage and dis-
harmonic flexing of coaly material towards the trough
during folding. On the limbs of the syncline this bed
averages about 12.0 feet thick; thus, the thickness of the
bed has been increased about seven times in the trough.
The Holmes averages 10.5 feet thick in the northern
part of the Minersville quadrangle, 9.0 feet in the south-
ern part, 10.6 feet in the southern part of the Tremont
quadrangle, 9.4 feet in the Tower City and Pine Grove
quadrangles, and 4.2 feet in the Lykens quadrangle
(Wood and Trexler, 1968b, sheets 1-4; 1968c, sheets
1-8). The average and maximum thicknesses for the
area and for specific parts were obtained from about
400 measurements from mining company records.

Conglomerate, shale, and siltstone are the principal
roof rocks of the Holmes coal bed, with shale pre-
dominating slightly. Sandstone is present at many
places, but is not so common as are the other three.
Shale is the chief floor rock. Abundant fossil leaves are
preserved at many places in the roof shale, and well-pre-
served impressions of Stigmaria are common in the
floor shale.

The Holmes is a banded anthracite, which consists of
thin to thick layers of vitrain interbedded with similar
layers of bright attrital coal, dull attrital coal, and bone.
Impure coal or bone generally is concentrated in the
lower and upper few inches of the bed.

Refuse averages 8 percent in the Holmes coal bed
(table 3), which is less than that determined for the
other coal beds of the Llewellyn Formation. Consider-
ing the great average thickness of the Holmes and the
low refuse content, it is difficult to understand why this
bed was not the most heavily mined bed in the area;
however, Smith (1895, p. 2111,2122,2131) reported that
the Holmes was a rough and dirty bed that is locally
variable in thickness and purity. Despite the low aver-
age amount of refuse, the coal itself apparently con-
tains much ash, which has adversely affected the com-
mercial value and mining.

PRIMROSE (NO. 11) COAL BED
The Primrose (No. 11) coal bed has been traced

throughout the central part of the area and has been one
of the principal sources of anthracite. It averages 10.0
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feet thick, of which 8.4 feet is coal (table 3). A maxi-
mum thickness of 23.3 feet is recorded in the Thom=ston
mine (Wood and Trexler, 1968b, sheet 1). The avorage
and maximum thicknesses were obtained from about
600 measurements, made largely by employees of mining
companies. Refuse averages 16 percent (table 3) in the
Primrose, which is rather low for the coal beds ¢ the
Llewellyn Formation. This bed probably would have
been the most intensively mined coal if it had underlain
a larger part of the area and if it had been closer s*rati-
graphically to the other important sources of anthr-cite.
At most localities the Primrose is rather clean and, has
been considered extremely desirable for mining omera-
tions, but at the East Franklin and Goodspring mines it
is dirty (Wood and Trexler, 1968b, sheets 3, 4).

Shale is the principal floor rock of the Primrose coal
bed. It commonly contains impressions of Stigmaria or
a well-preserved fossil leaf flora. Shale is also the prin-
cipal roof rock, but locally either conglomerate or sand-
stone prevail. A pebble conglomerate overlies the F~m-
rose at many places in the Minersville, Tremont. and
Pine Grove quadrangles (Wood and Trexler, 1968b,
sheets 1-4).

The Primrose coal bed is a banded anthracite that
consists of alternating thin to thick layers of bright
attrital coal, dull attrital coal, vitrain, and thin laminae
of fusain. The upper and lower parts of the bed contain
considerable amounts of bony or impure coal at many
places.

The Primrose has been of great economic and strati-
graphic importance because it is the uppermost coal
bed in the Llewellyn Formation that has been w’dely
mined. The Diamond (No. 14), Tracy (No. 16), and
Peach Mountain (No. 18) coal beds also have been
mined intensively; but as their outcrop areas are con-
siderably smaller, they have not been as valuable for
stratigraphic correlations and structural interpre-

tations.
ORCHARD (NO. 12) COAL BED

The Orchard (No. 12) or lower split of the Twin coal
bed has been widely recognized and intensively mined
locally. At most places, however, this bed is dirty and
variable in thickness. It averages 6.8 feet thick, of which
5.0 feet is impure coal (table 3), and reaches a maximum
thickness of 14.0 feet in workings of the East Frarklin
mine (Wood and Trexler, 1968b, sheet 4). Because of
the variable thickness, included impurities, and dirt, the
Orchard coal bed has been of limited economic impor-
tance, and it does not seem likely that its relative im-
portance will be different in the future.
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LITTLE ORCHARD (NO. 13) COAL BED

The Little Orchard (No. 13) or upper split of the
Twin coal bed has been mined at many places, but gen-
erally is too thin and dirty to be mined profitably. This
bed and the Orchard merge in many localities into a sin-
gle bed that is shown on the maps and illustrations of
this report as the Orchard. The Little Orchard averages
about 4.5 feet in the Tremont and Minersville quad-
rangles and reaches a maximum thickness of about 6
feet in the Lytle and Oak Hill mines (Wood and Trex-
ler, 1968b, sheets 1-3). It has been, and probably will
be, of little economic importance.

DIAMOND (NO. 14) COAL BED

The Diamond (No. 14) coal bed has been mined at
many places, but it has not been so important as the
underlying more heavily mined coal beds because of its
limited areal extent. It averages 6.9 feet thick, of which
5.6 feet is coal (table 3). It reaches a maximum thick-
ness of 13.4 feet in the Phoenix and Lytle shafts (Wood
and Trexler, 1968b, sheets 1,2). The bed thins gradually
from these shafts southwestward to an average thick-
ness of about 4.0 feet in the Tremont quadrangle, thick-
ens to an average of 10.0 feet in the Tower City quad-
rangle, and thins to about 5.0 feet in the Lykens quad-
rangle (Wood and Trexler, 1968b, sheet 3 ; 1968¢c, sheets
1-3). Southward from the shafts the Diamond main-
tains an average thickness of about 6.5 feet. The aver-
age thickness, the thickness in specific parts of the area,
and the maximum thickness are based upon about 100
measurements obtained largely from mining records.
Generally, the Diamond is variable in quality and pu-
rity, but in the vicinity of Forestville (Wood and Trex-
ler, 1968b, sheets 1, 2) it is exceptionally clean and was
mined intensively.

At most localities the floor and roof of the Diamond
coal bed are shale and siltstone, but locally, the roof is
fine pebble conglomerate. Plant fossils generally are ab-
sent, or are poorly preserved in the floor and roof shales.

The Diamond coal is a banded anthracite that com-
monly consists of thin layers of vitrain, bright attrital
coal, dull attrital coal, bone, and thin, laminae of fu-
sain. Bone is generally concentrated in the lower and
upper few inches of the bed.

TRACY (NO. 16) COAL BED

The Tracy (No. 16) coal bed has been worked at
many of the mines that had workings in coal beds in the
middle part of the Llewellyn Formation. In the central
and eastern parts of the area it averages 7.8 feet thick,
of which 6.3 feet is coal (table 3). The bed reaches a
maximum thickness of about 17.8 feet in workings of the
Middle Creek mine (Wood and Trexler, 1968b, sheet 3).
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Refuse averages 19 percent; but at many places the
coal itself is impure, and the bed has not be~n mined so
intensively as have the underlying beds. The average
and maximum thicknesses were determined from about
150 measurements largely made by mining company
employees. There is little information con-erning the
bed in the western and southern parts of tl= area; but
locally in these parts, the bed has been squeezed by
adjacent more competent strata so that tl'~ thickness
is highly variable and the coal is commonly shelly.

Shale and sandstone are the dominant rocf rocks, and
shale is the principal floor rock. A large assemblage
of fossil plant leaves commonly is present in the roof
rock.

The Tracy is a banded anthracite that consists of
thin to thick layers of vitrain, bright attrital coal, dull
attrital coal, and impure coal or bone. Thin laminae
of fusain are common at many places. At the Salem
mine near Silverton, the Tracy coal bed ws mined as
the Tunnel coal bed, and north of the towr. of Miners-
ville it was mined as the Cockle bed (Wood snd Trexler,
1968b, sheet 2).

LITTLE TRACY (NO. 17) COAL BED

The Little Tracy (No. 17) coal bed has been mined
at many places in the area. It averages akout 6.4 feet
thick, of which 4.7 feet is usually clean corl (table 3).
A maximum thickness of about 14 feet was recorded in
workings of the John Veith shafts (Wood and Trexler,
1968b, sheet 2). Locally, this bed has been rined inten-
sively south of the Red Mountain fault, which aided
greatly in correlating this and other beds between the
vicinities of Llewellyn and Tremont (Woo1 and Trex-
ler, 1968b, sheets 24). The Little Tracy has been of
economic value in limited areas and probat'y will con-
tinue to be of value in places where it h~s not been
intensively mined.

PPACH MOUNTAIN (NO. 18) COAL BED

The Peach Mountain (No. 18) is the best known coal
bed in the middle part of the Llewellyn Formation and
is the uppermost intensively mined bed in the forma-
tion. Its thickness is relatively uniform, averaging 8
feet, of which 6 feet is usually clean coal (table 3). A
maximum thickness of about 19 feet is recorded in
workings from the John Veith shafts (Wocd and Trex-
ler, 1968b, sheet 2). The average and maximum thick-
nesses are from about 150 measurements obtained large-
ly from mining records.

The Peach Mountain has been mined undsr numerous
names, principally as the Spohn, Lewis, Black Mine,
and Gate coal beds. The outcrop pattern of this multi-
named bed is intricate, and the strip pits on it in the
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central part of the coal field clearly outline many anti-
clines and synclines. Workings on this bed and on the
Tracy (No. 16) and Little Tracy (No. 17) coal beds
south of Red Mountain aided in correlating the strata
of the middle part of the Llewellyn from near Tremont
to Silverton (Wood and Trexler, 1968b, sheets 2—4).

The roof and floor rocks of the Peach Mountain
coal bed are principally shale and siltstone. An abun-
dant fossil plant assemblage is commonly preserved in
these rocks. Examination of this assemblage by C. B.
Read and Sergius Mamay (oral commun., 1956-58) in-
dicates that the Peach Mountain is probably of early
Late Pennsylvanian age and that it probably correlates
with the upper part of the Allegheny Formation or the
lower part of the Conemaugh Formation of western
Pennsylvania.

The Peach Mountain is a banded anthracite con-
sisting of thin to thick layers of bright attrital coal and
vitrain with thinner layers of dull attrital coal and
impure coal or bone.

Because of its thickness and purity the Peach Moun-
tain probably would have rivaled any split of the Mam-
moth coal zone in productivity if it had underlain a
larger part of the area.

CHARACTERISTICS OF THE COAL
PHYSICAL PROPERTIES

The anthracite and semianthracite of the area are in
general distinguishable by their physical properties.
The properties of each are perhaps best compared in
table 4, which has been modified and expanded from
a table published by Turner (1934, p. 332).

Semianthracite is most easily distinguished from
anthracite in the field by its tendency to break along
prismatic and rectangular fractures rather than along
conchoidal fractures. It is also generally much dirtier
when handled.

CHEMICAL COMPOSITION

The coal of the area is of semianthracite and anthra-
cite rank, according to analyses of the U.S. Bureau of
Mines and to specifications of the American Society for
Testing Materials (1954). On a dry-mineral-matter-free
basis the percentage of fixed carbon ranges from 90.3 to
98.6 and averages about 94.2 (tables 5-7). Volatile mat-
ter on a similar basis ranges in percentage from a maxi-
mum of 9.7 in the semianthracite of the western part of
the area to a minimum of 1.4 in the anthracite of the
eastern part and averages about 5.8 for both types of
coal.

Ash content on an as-received basis ranges from about
7.0 to 24.0 percent and averages about 12.2. Sulfur
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ranges from about 0.5 to 2.0 percent and averages
slightly less than 0.7. Variations in ash and sulfur con-
tent are unrelated to the rank of the coal.

Calorific value ranges from 10,640 to 14,130 Btu on
an as-received basis and from 14,730 to 15,500 Btu cn a
dry-mineral-matter-free basis. On an as-received b-sis
the coal has an average heat value of 12,650 Btu and
on a dry-minneral-matter-free basis, 15,170 Btu. The
heat value of semianthracite generally exceeds that of
anthracite of similar ash content by several hundred
Btu.

Moistures averages about 4.2 percent and ranges from
a minimum of 0.9 percent in semianthracite beds of the
Pottsville Formation in the East Brookside mine to a
maximum of 7.9 percent in anthracite beds of the Llow-
ellyn Formation near Zerbe. The reason for the increase
in moisture content in anthracite is not known.

On a moisture-and-ash-free basis, hydrogen rarges
from a minimum of 2.8 percent in anthracite to a maxi-
mum of 3.8 in semianthracite and averages 2.9 for all
coal. Similarly, nitrogen ranges from 0.7 percent. in
anthracite in the eastern part of the area to 1.5 in semi-
anthracite in the western part and averages about 1.1.
Oxygen ranges from 1.1 percent in anthracite to 4.1 in
semianthracite and averages about 2.3.

TABLE 4.—Physical properties of semianthracite and antrhacite from
the west-central part of the Southern Anthracite field

Property Anthracite Semianthracite
Luster. . _______. Vitreous to dull_____ Vitreous to dull.
Strueture_.__.___ Laminated to amor- Laminated to amor-

phous, laminations  phous laminations,
commonly ob- generally distiret
scured because of because of con-
uniformity of trasts in luster.
luster.

Fracture..__.___. Predominantly con- Predominantly rec-
choidal, but locally tangular and
prismatic and rec- prismatic, rarely
tangular, usually conchoidal, com-
widely spaced. monly closely

spaced.

Streak___________ Chiefly black._..__.__ Chiefly black.

Hardness___.___. 2.75-3.00._ . ___.____ 2.50-2.75.

True specific 1.50-1.75 e 1.45-1.55.

gravity. X

Toughness_._..____ 23-51 percent fri- 46-53 percent friable,
able, averages 35 averages 50 per-
percent friable. cent friable.

Agglomeration___. Noncoherent residue, Noncoherent residue,
nonagglomerating. nonagglomerating.

Ash____________. Red, gray, creamy, Red, gra,y, creamy,
white. white.

Stain..__________ Will not stain hands_ Commonly stainsg

hands; bla,ck cr
dark gr
Ash-softening 2,200°-2,960°C...._ ... 2,150°-2, 450°C

temperature.
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TABLE 5.—Chemical analyses of bed samples from the west-central part of the Southern Anthracite field

[Analyses by U.S. Bureau of Mines]

Percent Dry-mineral-
Fusibility of ash (°F) ma{tex:—:.ve e
asi
Proximate Ultimate
B 2 £l
g | g g | % i
Mine Bed ! 5 % g - | 8 g 5 or
3 o E} g8 2 g Py o ) index
« Q ] S g B =% L= o 3 No.
g g -g g > =8 2 § 2 il - 1=
2 £ o & g 2] 38 3 ] 2 ) o
E|lB|38|8 gl & 8|9 s | 88 | = 2 s g g
3 =] 9 5 _5 2 8 ) & CE| 3 g 3 @ k) g
g2 2|5 |e|E S| 2| &8RS e | 88 | B P HE | 3
o|S|f|&|<4|&|H|S|&2 |58 ]S g a & B & )
Dauphin County
Short Mountain mine.....§ LV § 11 L1} 9.6)79.5] 9.8 0.7} 3.2(1827 L1| 25| 13,800 | . -} cooilommam oo 390.3 A1859
2 9.7180.4 9.9 .71 3.1(18361 1.1] 1.6 13,740
3 10,8 | 89.2 .81 3835|928 12| 17| 15260
LV5 1| 19| 81803 9.7 5 3.2(8L5| L0} 41| 13,440 ... 2,210 |_ooeofiaaaeo 3018 |ooooeoo. A7 5152
2 8.3]8L8| 9.9 .5 3.0 831 1.0 2.5] 13,700
3 9.2 | 90.8 .6 3.4 | 92.2 1.1 ]| 2.7 | 15,210
LvVs 1| 21 7.5(80.3(10.1 .5 3.3180.9 LO| 4.2 (13,480 |- coceoo 2,430 |oeooofeeeos 8918 [acccoman A75153
2 7.6 | 82,11 10.3 .6 3.1 82.6 L0 2.4 13,760
3 8.5 | 91.5 .6 3.5 921 1.2 | 2.6 15,350
Vs 1 L.1| 80| 80.4] 10.5 .6 3.1]821 L0 2,713,560 |_...____ 2,260 [ocoo)aceeeas 392,1 [oooaoaos AT75154
2 8.1 8.3 10.6 .6 3.0 83.0 1.0 1.8 | 13,710
3 9.1 90.0 .7 3.4 92.8 1.1 2.0 | 15,340
LV5 1 1.2| 83|80.2|10.3 .57 3.1]|8L8 10 3.3 | 13,540 |- 2,230 |.omiimo e 3017 |oaoaao A75155
2 8.4 8L2| 10.4 .51 3.0 827 Ll 2.3
3 9.3 1907 .6 341924 L2]| 2.4
LVS 1] 3.6 7.8 8L5| 7.1 .6 3.4 82.6 L0 5,31 13,700 {..___._. 2,180 {_o_oofeeoooo-o 3092,2 {ooemceen A 75156
2 8.1 84.5 7.4 .6 3.1|85.6 1.1 2.2
3 8.8 |9L2 .6 3.3)92.4 L2 25| 16330 |-coceooe]ammmaca]|emmccamfmmcce e mcmm e e e
Big Lick prospect........ Lv7 1] L3 82)723 182 13] 3.2|729 | L2| 3.2|12,130 |.occcae|mmuac|ommmcmca]acmacaan 2020 [ococoane A1861
2 8.3 (7.3 (184 13 31739 L2| 21112290 |ooceooefooamcme|oommca e omc e e ee
3 10.2 | 89.8 1.6 3.8 90.5 L5 2.6 15060 |- oo o] emimeeee|memmaea
Lebanon County
Lakmiamine. .. __.___..__ 6(7) 1| 2.2] 6.6 | 84.2 7.0 0.7] 3.3 ]850 L0 3.0 | 14,130 jocooo_ 2,330 |- 393.6 A93490
2 6.8 |8.1| 7.1 7 3.2186.9 LO| L1 | 14,470 Jooiooa oo e e e el
3 7.3 | 92.7 .8 3.4/93.6| L1 1.1 15,580 (.-
Schuylkill County
East Brookside mine. ... LV 5 1) 26| 8372|129 | 0.5| 2.9 |78.1| 0.9| 47 |12,750 | 2,080 2,160 |2,340 | 1,574 | 9L 5 | 15300 | A75890
2 8.5 | 78.2 | 13.3 B 2.7 80.2 LO0| 23 {13,100 j.ooeoeeodommamon]mcmcceeocmmmme | emc e fecmecaae
3 9.9 90.1 6| 3.1 925 L1 2.7 |15,100 |oocoo o fommaae]ccmcee]cmmmccfmmmmm e m e
LV 4 1| .9 79(83%9| 73| .5/ 31858 .9| 2.4| 14,070 2,110 2,190 | 2,470 | 1,495 | 92.1 | 15,440 | A75889
2 7.9 | 84.7 | 7.4 5 30865 LO| L6 | 14200 |occemoeofomam i oo ecmicca e i e e eeee
3 8.6 | 91.4 .6 3.3 93.4 10 L7 [ 15,330 | oo mm e a e et mc e e e e
No.7 1| 47| 71|79 |123| .8| 3.4]|7.2] L1| 621258 | 2,370 |2660 | 2,730 | 1,566 | 92.9 | 15370 [ A75660
2 7.4 | 79.7 | 12.9 .8 3.0 80.0 L2 2.1} 13,200 [occceooo]oamam o eea|emomaeae -
3 8.5 | 9L.5 L9 3.419L.8] L4 2515150 [ oocceacfommom oo em e aee
No. 8 1| 48| 6.4(78.0110.8| 1.0 3.4| 7.9 10| 5.9 12,910 2,620 | 2,800 (2,910 1,514 | 93,7 | 15,500 | A75664
2 6.7 | 82.0 | 11.3 1.1 3.0 | 8L.8 Li}| 1.7
3 7.6 | 92.4 1.2} 3.4|92.3 L2 L9
No. 8 1| 3.6 65| 79.2|10.7 9] 3.3 790 L2| 4.9 A75663
2 6.8 821 1L1 .9 3.01!820 L2 18
3 7.6 | 92.4 L0 3.3|92.2 L4| 21
No. 8% 1] 3.6 | 7.7 745 | 4.2 .6| 8217.3] L2| 55 A75662
2 8.0 | 77.3 | 147 .6 29781 12| 2.5] 12,890 |...__._ JEUSNSSR PRSI FRRER PO E
3 9.4 190.6 .71 3.419L61 L4101 2,9 15110 RN P,

See footnotes at end of table.
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TaBLE 5.—Chemical analyses of bed samples from the west-central part of the Southern Anthracite field—Continued

[Analyses by U.8. Bureau of Mines]

Percent Dry-mineral-
Fusibility of ash (°F) matter-free
basis
Proximate Ultimate
E) 2 2 | Labo-
. a2 | £ g & g | nor
Mine Bed 1 5 Y = ° 2 5 Py _or
2 o = g5 5 5 o o = index
; z | 2 T 185 Elg |9 | S 1% | N
Elel| 5% g g e |35 |25 8 | & |%8 s
S|E|23 s Elglelg|g [Z2|28 2 |8 |38]¢€
Tl 5|5 % S18l28| g 2|5 |38 88 )¢% s | g5 | B
g3 |22 |S535 18 |82 |%|% 28 | =52 | B E B3 | ]
ol 2| g |&R|<|a|Hd|o|lz]ol|o & @ &= = & ]
No. 9 1] 4.2 7.2 646|240 | 0.6 | 2.9 64.9) 0.9 6.7 | 10,640 A75666
2 7.5 | 67.4 | 25.1 6| 25| 67.8 .9 3.1]11,110
3 10.0 | 90.0 .81 3.4(90.5{ L2 4.1 14,820
No.9 1 3.4 66| 67.1} 229 .6 29! 67.3 .9 5.4 | 11,070 A75665
2 6.8 | 69.5 | 23.7 6| 2.7 69.7 .9 | 2.4 11,460
3 8.9 |9L1 .8 3.5 9.3 1.2 8.2 15,020
No. 10 1 50| 6.9|781)10.0 .8} 3.4 781 10| 671292 A75667
2 7.3 | 82.1 ] 10.6 .9 3.0 822 | L1]| 2.2 13,600
3 8.1] 912 Lo| 3.3[919 .2 2.6 | 15,210
No. 11 1 6.9 6.4 (6871801 1.3 3.3 |68.2 1.0| 8211280 AT5668
2 6.9 737|194 1,4) 2,7]|73.2 10| 2.3 12,120
3 85| 9LS 1.7} 3.3|90.8 1.3 | 2.9 15,030
Phoenix
Park No. 3. oo No. 14 1{ 28! 2.5 8211127 Bo2.2 79.2 L7 4.6 12,580 5956
2 2.5 | 84.4 | 13.1 .6] 20| 8L5 L7 2.3 12,930
3 2.9197.1 .61 23] 937 8] 2.6 14,870
Pine Hill
mine. .. .. oo No. 6 1 1.6 ] 4.4|83.3]10.7 b5 2,2 818 .71 4,113,130 A10897
2 4.4 | 84.7 | 10.9 51 21831 7] 2.7 183,340
3 5.0 | 95.0 5 2.3 193.2 .8 | 3.2 14,960
Pine Knot
mine._ . eoanan No. 5 1 53| 3.8 | 74.9| 16,0 .6 2.5 1738 .6| 6.5 | 11,700 AT75479
2 4.1]79.0| 16.9 .6] 20| 77.9 .6 2.0 12,360
3 4.9 (951 ST 2.4 (93,7 .81 2.4 14,860
No. 6 1] 45| 3.9/83.2] 85 5] 2.5 85 1,2 ] 4912970 | 2,940 | 2,960+ ... 1,662 | 96.5 | 15,030 | A 75488
2 4,1|87.1) 8.8 .5 2.0 86.4 1.2 1.1 13,580
3 4.5 | 95.5 6| 2.2 |98 1.3 1.1 14,890
No. 7 1} 5,1 4680.9| 9.4 .6 2.580.9 .7 5.9 (12,680 2,870 | 2,780 | 2,870 1,875 | 95.7 14,980 | A75487
2 4.9 | 852 9.9 .6] 20852 .8 1.5 ] 13,360
3 5.4 | 94.6 7] 2.3 | 94.6 9| 1.5 | 14,830
No. 7 1 86| 40(7.2(15.3| 2.0 2377 .6 4112030 | 2,320 { 2,500 | 2,670 1,733 | 97.5 | 15,110 | A75486
2 4.1 /801158 2.1 2.0]78.4 .6 1.1] 12460
3 4.9 1951 2.5 2.3 ]93.1 W7 1.4 | 14,800
No. 815 11 48| 43|77.3|13.6 .6 2.6 | 76.5 .8 6.0 12900 A75482
2 45812143 .61 2.080.3 .81 20112710
3 5.2 | 94.8 .7 2.4 93.7 1.0 2.2 14,820
No. 8 1| 6.3 43)|80.9| 9.5 70 2.7 80.1 .8 | 6.2 12,750 A75483
2 4.6 853 10.1 8| 2.2 (846 .8 1.5 13,460
3 5.1]94.9 9] 25940 9] L7 14,960
No. 9 1] 48| 47|86 8.9 .6 2.7]8L0 .81 6.0 12930 | 2,340 | 2,810 | 2,900 1,626 | 95.6 | 15130 A75484
2 4,9 (8.8 | 9.3 6| 2.3[851 .91 1.8 13,590
3 5.6 | 94.5 71 251938 L9 2.1 14,980
No. 10 1 6.5 | 40)76.9 (126 8| 2.8]| 75.4 7| 7.7 12,070 | 2,790 | 2,860 | 2,940 1,658 | 96.7 | 15,140 | A75480
2 4.3 8231 13.4 .9 2.280.7 .81 2.0 12920
3 4.9 (9.1 1.0 (26 (932 9 24| 14,92
No. 10 1| 46| 54|77.4 126 b 2.6) 7.5 .8 ] 6,012,340 | 2,270 | 2,360 | 2,550 1,668 [ 94.8 15,110 | A4481
2 5.7 | 811132 6| 22813 .8 1.9 12,940
3 6.5 93.5 T 25 (93,7 L9 22114920
No. 11 1] 62| 49]79.1| 9.8 .6 2.8]179.3 .7 | 6.8(12,540 | 2,760 | 2,830 | 2,910 1,639 | 95.3 | 15,090 | A754856
2 5.3 | 84.3 | 10.4 7| 2.2 84.8 .8 1.31 13,370
3 5.9 [ 94.1 T 25| 945 .9 L4 14,930
No. 8 1| 27 65764144 .6 23761 11| 6.5 12080
2 6.6 | 78.6 | 14.8 71 211783 L1 3.0(12410
3 7.8 1922 8] 25(91.9 | 13| 3.5 14,570
Gold minerun¢___._____ ?) 1 2.2 66|82 7.0 ...
2 6.8 1861} 7.1 | ... -
3 7.3 1927 .8 3.4]1963.6( 1.1 | 11| 15580
‘W est Brookside mine..._.. LV 5 1| 33| 3.3 |84.3| 9.1 .61 3.1]814 .8 5.1 13,350
2 3.4 (87.2( 9.4 6] 281842 .8 2.2 133810
3 3.7 ) 96.3 .6] 3.1]929 9] 2.4 15,248
1Names and numbers of coal beds are those used in this report and not those 3 Dry mineral-matter-free fixed carbon percentages calculated by authors
used by U.S. Bureau of Mines. 4 U.S. Bureau of Mines analysis compiled from data in tables 3-5 (Turmer,
21, sample as received; 2, dried at 105° C; 3, moisture and ash free, 1934).
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TaBLE 6.—Chemical analyses of breaker samples from the west-central part of the Southern Anihracite field
[Analyses by U.S. Bureau of Mines]

Percent ry-
Calorific  mineral-
Proximate Ultimate value, matter-free
Breaker Btu, as basis Samples analized and collected at Principalsour ce of coal processed in
. Dry coal received greaker on specified date brealer
Mois- basis (Fixed
tureas Volatile Fixed Ash Sulfur carbon
recoived matter carbon pereent3
Schuylkill County
Blackwood.______ 5.9 8.1 77.4 14.4 0.6 12,240 91.9 7 analyses, Mar. 18, 1948__. Coal beds in Llewellyn For-
mation near village of
Llewellyn on Sharp Moun-
tain.
Branch_._______ 5.0 6.6 79.5 13.9 .6 12,270 93.8 4 analyses, Oct. 7, 1948.
Colitz. . ______. 50 5.0 81.8 13.°2 .5 12,180 95.6 8 analyses, Sept. 13, 1948___ Coal beds in upner part of
Llewellyn Formation near
Marlyn in Pottsville quad-
rangle.
Joliet_ _ . ._____ 3.7 7.6 82.3 10.1 .8 13,030 93.7 1 analysis of delivered coal Coal beds in Llewellyn For-
in fiscal year 1948. mation near Joliet.
DandB_....___.. 6.0 5.8 78.6 15.6 11, 820 94.8 2 analyses of delivered coal Coal beds in Llewellyn For-
in fiscal year 1952. mation near village of
Liewellyn.
Kemble_ __.___. 5.1 5.8 81.5 12.7 5 12,540 94.7 1 analysis of delivered coal Coal beds in Pcttsville For-
in fiscal year 1952. mation abouY 114 miles
east of Fountain.
Marlyn__._______ 50 5.3 78.1 16.6 .4 11,790 95.3 8 analyses, Nov. 17, 1949__. Coal beds in Llewellyn For-
mation south-ast of
Minersville.
Penna__________ 5.9 5.6 82.0 12.3 .7 12,290 94.8 2 analyses, June 28, 1949___ Coal beds near Oak Hill mine.
Schrader__._____. 4.3 5.2 80.3 14.4 .6 12,220 95.4 7 analyses, Oct. 11, 1948___ Coal beds near Lytle shaft.
Dauphin County
Franklin-Lykens. 2.6 9.2 80.3 10.4 0.5 13,240 90.7 7 analyses, Jan. 20, 1949___ Coal beds on Coal Mountain

near Lykens Gap.

RELATION OF FIXED CARBON TO DEFORMATION

As early as 1878, Hilt showed that the fixed carbon
content of coal beds increases with depth of burial in
some places and concluded that the depth of burial was
the principal reason for coal increasing in rank from
ligmite to anthracite.

A detailed study of the coal beds of South Wales
(Strahan and Pollard, 1908) showed that the more
deeply buried coal in a single shaft commonly had
higher fixed carbon content than shallow coal. How-
ever, when the coal was considered areally, Strahan and
Pollard found that deposits with the highest fixed car-
bon were located where the overburden apparently had
been the least. They concluded that depth of burial was
a factor in the increase of fixed carbon, but that differ-
ences in original composition were also important.

Ashley (1918, p. 17) determined that differences in
amount of fixed carbon in benches of cannel coal versus
benches of woody bituminous coal or semianthracite at
the same locality gradually disappear as the fixed carbon
content approaches 75 percent. This determination
showed that variations in original composition were
gradually nullified as the fixed carbon content increases.

It also proved that in addition to depth of burial and
variations in original composition, some other geologic
phenomena must influence the fixed carbon content of
the higher rank coals.

C. D. White (1915; 1925, p. 269-271; 1935) pro-
pounded and supported his theory of progressive re-
gional carbonization of coal in the eastern United States
and stated that the controlling factor in carbonization
was horizontal stress or thrust. He demonstrated that
the chemical variations in lesser rank coals are largely
due to original composition but that in the higher rank
coals these original differences “yield to the effects of
dynamochemical transformation and become less con-
spicuous” (1925, p. 272). White believed that the weight
of overburden was responsible for the errly stages of
fixed carbon increase but that it was of minor impor-
tance in the more advanced stages. He also believed that
the weight of overburden provided resistance to hori-
zontal thrust in the progressive metamor»hism of coal
and that the later stages of fixed carbon increase were
the result of combining overburden weight, thrust pres-
sure, and increased temperature resultirg from com-
pression and friction. White attempted to prove that
horizontal thrust was the controlling factor in convert-
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TaABLE 7.—Average chemical analyses of breaker samples from the west-central part of the Southern Anthracite field

[Form of analysis: Asreceived. Analyses by U.8. Bureau of Mines]

Percent

Dry mineral-

matter-free basis  Analyses are averages of samples
Proximate Ultimate Calorific ———————  identified by following U.S. Principal source ofcoal processed
Breaker value Fixed Calorific Bur. Mines laboratory orindex in breaker
Mois- Volatile Fixed Ash  Sulfur Btu carbon  value numbers
ture matter carbon percent Btu
Dauphin County
Williamstown___ 3.0 87 757 127 0.7 12,790 912 83, 84, 86, 91, 94, 95_____ Coal beds north of
Williamstown.
Schuylkill County
Buck Run..__.. 50 46 787 11.5 0.7 12,430 95.6 15,080 1380, 1382 1384-1386, Coal beds near Buck
. 1389, 1390. Run.

Correale________ 59 6.0 751 129 6 12,140 94.0 1448-1454 . oo Coal beds near Donald-
son.

Di Renzo____.__ 3.7 6.0 787 116 .5 12,750 94.2 H10119-H10123.________ Coal beds close to
breaker, which is
2 miles west of
Minersville.

Kand P________ 6.7 5.1 77.4 107 5 12,320 94.9 G67055~G67058 oo Coaihbeds near Miners-
ville.

Legal . ___._ 3.1 7.0 76.5 13.4 9 12,670 93.2 F66917-F66920_ _ _ __.___ Various coal beds as
much as 5 miles from
breaker, which is
3 miles north of
Goodspring

Lohb___________ 45 54 8.8 9.3 .5 13,000 94.7 F48297-F48302. _ ... _.__ anrose No 11 coal bad
near Tremont.

Lytlece—_______ 38 41 79.4 12.8 .6 12,420 96.7 15,080 1624, 1626, 1627, 1632,  Various coal beds in

1637 1638. Lytle mine.
Oak Hill________ 3.6 42 80.7 116 .6 12,650 96.5 15,100 1639 1641 1645 1648, VaII_'Iu'illxs coal beds in Osk
ill mine.
Otto. o 6.9 6.2 747 121 .5 11,770 93.6 14,730 1373,7 1374 1376, 1377,  Various coal beds in Otto
379. mine,

Penag_.________ 35 61 79,4 11.0 .5 12,980 93.9 F80974-F80981 . ... .- L}gngls Valley No. 2 coal

ed.

Sherman._.______ 48 57 76.6 13.0 .6 12,350 94.5 1813, 1815, 1816, 1818~

1820, 1822.
Swatara________ 7.9 45 787 88 .8 12,450 95.6 G70356-G70363-__ - _- Coal beds near Zerbe.
Primrose_._._.._ 5.3 44 781 12.2 .5 12,300 96.0 15,110 1653, 1655, 1657, 1659,
1662 1665 1668 1670.
Indian Head.... 4.6 4.9 76.1 14.3 .5 12,160 95.4 15,240 1928, 1931 1935 1938 Coal beds near Indian
1942 1945 1949 1953. Head breaker, which is
between Newton and
Tremont.

West-West..____ 6.6 59 76.9 10.6 5 12,150 94.0 14,840 1671 and 1673___.__.____ Coal beds south of
Minersville.

New Castle. ... 7.4 5.0 783 9.3 6 12,350 95.2 1828 and 1829_ . _.._____ Coal beds near New
Castle, delivered coal,
2 miles east of Pine
Knot mine.

Westwood . . .. 29 7.6 76.5 12,0 7 12,920 92. 3 1956, 1958, 1960, 1964, Various coal beds near

1968, 1970. Joliet.

ing bituminous coal to anthracite by citing the eastward
progressive regional carbonization across the Appalach-
ian basin into the area of this report (1925, p. 257-258,
265-266).

In 1934, Turner (p. 339-342) strongly endorsed
White’s theory of progressive regional carbonization.
He also presented a map (Turner, fig. 3) on which lines
connecting points of equal volatile matter cross the mod-
ern anticlinal and synclinal axes at nearly 90° in the
western part of the Anthracite region. Turner (1934, p.
3389-840) stated that this divergence of nearly 90° be-

tween lines of equal volatile matter and structural axes
“was brought about by thrust pressures applied prior
to and in a different direction from the immediate
pressures that caused the present anticlines and
synclines.”

A year later, Hendricks (1935, fig. 1), in a report on
the Arkansas-Oklahoma coal field, showed lines of equal
fixed carbon that trend at a large angle to the known
structural trends. He attributed this to a regional in-
crease in unrelieved thrust pressure, during the str-c-
tural deformation of the coal basin and Ouachita Moun-
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tains to the south, that coincided with the regional in-
crease in fixed carbon content. However, in two areas
where the number of analyses was sufficient to provide
detailed control (Hendricks, 1935, fig. 1 and p. 946), the
maximum fixed carbon content of the coals was found
“to coincide closely with the location of the most tightly
folded anticline along lines drawn at right angles to the
Ouachita Mountains and extending through these two
areas,” Hendricks’ concluded (p. 947), “The major vari-
ations in the fixed carbon content of the coals are di-
rectly related to structural deformation produced by
pressure exerted from the south.”

Barnes (1962) found that coal in flat-lying unde-
formed Tertiary beds in the Cook Inlet area, Alaska, in-
creases in rank vertically from subbituminous C at the
surface to high-volatile B bituminous coal at a depth of
about 11,000 feet. He also found that at the surface
where these beds are deformed structurally, the coal in-
creases in rank from subbituminous to anthracite in a
distance of about 55 miles in the direction of increasing
structural deformation.

Hendricks (1935) and Turner (1934) agreed that de-
formation was the major factor in determining the
fixed carbon content of a coal at a specific locality.
They arrived at diametrically opposed views, howerver,

76°45’
40°
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as to the timing of this deformation. Hendricks main-
tained that variations in fixed carbon in the Arkansas-
Oklahoma coal field were largely due to the forces that
deformed the Ouachita Mountains whereas Turner be-
lieved that such variations in the Anthracite region were
caused by forces preceding those that formed the mod-
ern Appalachians.

All available coal analyses of bed, breaker, and tipple
samples in the area were assembled to determine
whether variations in fixed carbon are due to an early
episode of deformation (Turner’s theory), to deforma-
tion that resulted in the modern structural features
(Hendricks’ theory), or to depth of burial. Most of
these samples were collected and analyzed by the U.S.
Bureau of Mines, and some are listed in tables 5-7. A fter
assembly, the fixed carbon content of each analyzed coal
sample was calculated according to specifications of the
American Society for Testing Materials (1954). The
calculated fixed carbon of each sample or group of sam-
ples was then plotted on a base map at ths correct geo-
graphic position. Finally, a contour map showing lines
of equal fixed carbon content was constructed (fig. 42).

Normally, only bed or face analyses are used in de-
termining the rank of coal. However, in the Anthracite
region bed analyses are lacking, and present conditions
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F16URE 42.—Isocarb map of the west-central part of the Southern Anthracite field, Pennsylvania. Samples for bed, breaker, and
tipple analyses collected and analyzed by the U.S. Bureau of Mines.
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are not favorable for a program of sample collection
and analysis. Because of the lack of proper analyses, it
was decided to incorporate pertinent data from breaker
and tipple analyses in constructing figure 42. This deci-
sion was made with the full understanding that such
data are not customarily considered to be satisfactory
for rank determination because the source of the an-
alyzed coal generally is not known with sufficient ac-
curacy. This possible objection is not pertinent with
reference to figure 42 because the source of the coal for
each breaker and tipple analysis is known with consid-
erable accuracy.

The part of Turner’s map (1934, fig. 3) that covers
the area was based on 31 bed analyses of coal collected
in seven localities. When these analyses are plotted at
their correct locations on a map, it is possible to draw
lines, as he did, that connect points of equal fixed carbon
at nearly 90° to the structural axes. However, when the
breaker and tipple analyses are located properly, it is
obvious that such connections are not correct.

Figure 42 shows that lines of equal fixed carbon in
the west-central part of the Southern Anthracite field
regionally parallel the trend of the larger structural
features and locally parallel the smaller structural fea-
tures. It also shows that the fixed carbon increases east-
ward and toward the cores of the more highly de-
formed large synclines. The regional eastward increase
in fixed carbon is in the direction of the regional plunge
of the major structural features and also in the direction
of greater depth of burial. Turner (1984, fig. 8) and
White (1925, fig. 1) recognized the eastward increase
in fixed carbon, but they did not identify the regional
or local parallelism to structural features. The parallel-
ism between the lines of fixed carbon and structural fea-
tures shown in figure 42 points inevitably to the fact
that the variations in fixed carbon were largely deter-
mined at the time the structural features were deformed.
Secondarily, the regional eastward increase in fixed car-
bon must have been caused by a greater depth of burial,
which substantiates Hilt’s law (1873) and corroborates
the evidence from the South Wales coal field (Strahan
and Pollard, 1908) and the Cook Inlet area, Alaska
(Barnes, 1962). White’s (1925, fig. 1), Hendricks’ (1935,
p. 947), and Barnes’ (1962) conclusion that fixed carbon
increases toward areas of greater deformation are vali-
dated by the area. Finally, the conclusion reached by
White and Turner (1934, fig. 3) that the lines of equal
fixed carbon in the area trend across the structural axes
at nearly right angles is not validated.

The analyses from East Brookside and the Pine Knot
mines (table 5) seem to contradict one another, in prov-
ing that higher rank coal is concentrated in the more
highly deformed areas. According to stratigraphic posi-
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tion, the fixed carbon content of beds in the East Brook-
side mine seemingly increases as the overburden de-
creases ; but when the analyses are properly located tkree
dimensionally, the fixed carbon content actually in-
creases toward the core of the tightly folded Tremont
syncline. In contrast, in the Pine Knot mine, when the
analyses are located correctly, the fixed carbon content
not only increases as the overburden increases, but also
increases toward the complexly deformed Jugular
thrust fault. Thus, despite the apparent reversal with
reference to stratigraphy, the fixed carbon content in
both mines increases toward areas of greater de-
formation.

In conclusion, the regional eastward increase of fixed
carbon in the area with greater depth of burial substan-
tiates Hilt’s law. The parallelism of equal fixed carbon
lines with structural features also substantiates White’s,
Hendricks’, Turner’s, and Barnes’ conclusion that struc-
tural deformation is exceedingly important in de‘er-
mining the rank of anthracite and semianthracite.

AMOUNT OF COAL IN THE REPORT AREA

During the last seven decades, three estimates of ovig-
inal tonnage of coal preserved in the Anthracite region
have been made. The earliest of these was by Smith
(1895, p. 2147-2152). Ashmead (1926, table 20), after
an examination of mine maps, revised Smith’s estimate.
Subsequently, in 1945, Ashley revised Ashmead’s esti-
mate slightly to include county and culm bank reserves
and to show coal produced by river dredges.

Smith (1895, p. 2150) determined that the Soutl orn
Anthracite field originally contained 9,198,435,263 gross
tons, or 10,302,247,474 net tons, of coal in beds more
than 2.0 feet thick. He used 2,040 net tons of coal per
acre foot over most of the field, but locally used 2,190
net tons per acre foot. He did not divide the coal ton-
nage into categories based on coal thickness, amount of
overburden, and reliability of data. The first step in
Smith’s method was to determine the probable average
cumulative thickness of all coal beds along 21 cross
sections. He then computed the probable average comu-
lative thickness of coal in the 22 areas that lay betveen
the cross sections by averaging the probable cumulative
thickness of coal in the adjacent cross sections. The ton-
nage of coal was then determined by multiplying the
average thickness of coal for each of the 22 areas by
the acreage of each of the areas. The combined areas
lying between his cross sections 20 through 29 is approxi-
mately the same as the report area. Between and ad-
jacent to his cross sections 20 through 29, he estimated
4,451,176,000 gross tons, or 4,985,317,000 net tons of
original coal, which is 48.39 percent of the total origi-
nal coal (10,302,247,474 net tons) that he estimated for
the Southern Anthracite field.
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Ashmead in 1926 (table 20) estimated that the origi-
nal content of coal in the Southern Anthracite field was
10,114,000,000 gross tons, or 11,327,786,000 net tons. He
apparently followed Smith in not calculating reserves
in beds less than 2.0 feet thick and by using 2,040 and
2,190 net tons per acre. Assuming that 48.39 percent
of the total original coal in the Southern Anthracite
field is in the report area as determined from Smith’s
estimate, 5,481,490,000 tons of coal originally underlay
the area according to Ashmead’s estimate.

In 1945, Ashley (table 2) revised Ashmead’s estimate
of the original coal in the Southern Anthracite field to
10,880,000,000 net tons. Assuming that 48.39 percent
of the total original coal in the field underlay the area,
the original coal in the area was 5,264,832,000 net tons
according to Ashley’s estimate.

In this report the original coal content of the area was
calculated as follows:

Using the coal cross sections (Wood and Trexler,
1968b, sheet 4; 1968c, sheets 5, 6) the underground
length of each coal bed was measured to 0.04 mile (about
200 ft.). The average thickness of coal in each coal bed
on each cross section was then determined, taking into
account the thousands of surface and subsurface meas-
urements. Subsequently, the average thickness of coal
in each coal bed was averaged between adjacent cross
sections. In addition, the length of each coal bed as de-
termined from adjacent cross sections was also aver-
aged. After this, the average distance between adjacent
cross sections was determined to 0.1 mile (about 500
ft.). Then, the average distance between cross sections
was muiltiplied by the averaged length of each coal bed
and then by the average weight of the coal in tons per
square mile (measured to 0.10 of a foot and 2,000 tons
per acre-ft., or 1,280,000 tons per sq. mi. ft.).

The calculations made for this report indicate that
about 7.6 billion net tons of anthracite originally under-
lay the area with about 0.44 billion tons being in Dau-
phin County, 0.66 billion tons in Lebanon County, and
6.50 billion tons in Schuylkill County. About 60 percent
of the original coal lay within 2,000 feet of the surface,
15 percent lay between 2,000 and 3,000 feet, 20 percent
lay between 3,000 and 6,000 feet, and 5 percent lay be-
low 6,000 feet.

About 6.3 billion tons, or 83 percent, of the 7.6 billion
net tons of original coal was in beds more than 42 inches
thick; about 0.6 billion tons, or about 8 percent, was in
beds from 28 to 42 inches thick; and 0.7 billion tons, or
about 9 percent, was in beds from 14 to 28 inches thick.
In descending stratigraphic order, the original tonnage
of coal was distributed as follows: Peach Mountain (No.
18) coal bed, 180 million tons; Tracy (No. 16) coal bed,
260 million tons; Diamond (No. 14) coal bed, 320 mil-
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lion tons; Orchard (No. 12) coal bed, 300 rillion tons;

Primrose (No. 11) coal bed, 570 million tons; Holmes

(No. 10) coal bed, 490 million tons; Top Split (No. 9),

Middle Split (No. 814), and Bottom Split (No. 8) coal

beds of the Mammoth coal zone, 1.75 billior. tons; Skid-

more (No. 7) coal bed, 410 million tons; Buck Mountain

(No. 5) coal bed, 470 million tons; Liykens Valley No. 4

coal bed, 390 million tons; Lykens Vallerr No. 5 coal

bed, 510 million tons; all other coal beds, 1.95 billion
tons.

The present estimate of the original tonnage of an-
thracite which underlay the area is about 2,615 million
tons greater than that of Smith (1895), about 2,118
million tons greater than that calculated by the authors
from Ashmead’s 1926 estimate, and about 2,336 million
tons greater than that calculated by the anthors from
Ashley’s 1945 estimate.

The great discrepancy between the present estimate
and those of Smith, Ashmead, and Ashley is due to the
following :

1. The coal beds were found to descend to rauch greater
depths than thought previously,

2. Much previously unknown thrust fauling has re-
peated coal beds at many places so tl'~t a greater
volume of coal is preserved than tl-ught here-
tofore,

3. Stratigraphic miscorrelations and previously un-
recognized effects of complex folding incorrectly
reduced the earlier estimates,

4. Tonnages of coal in beds from 14 to 24 inches thick
were not included in the early estimates,

5. Much more complete data for determining the aver-
age thickness of coal beds and for determining
the three-dimensional configuration of coal beds
were available for this estimate than for the pre-
vious estimates.

About 318 million tons of anthracite is estimated to
have been extracted from the area as of January 1,
1961. Thus, of the original content of anthracite, about
7.282 billion tons are estimated to remain in ground
as of that date. Combined underground and strip min-
ing in the area probably has extracted an average of
about 65 percent of the coal available in the mined areas.
In addition to the 318 million tons estimated to have
been mined, about 171 million tons of the original con-
tent of coal was disturbed in mining operations. There-
fore, about 489 million tons of the coal originally
present had been extracted and disturbed in mining as
of January 1, 1961, leaving about 7.1 billion tons as
virgin, or undisturbed coal.

About 75 percent of the original coal lay within
3,000 feet of the surface. Therefore, abont 5.7 billion
tons of the 7.6 billion tons of original content of coal



REFERENCES

was within 3,000 feet of the surface. The mined and
disturbed-in-mining tonnage of 489 million tons as of
January 1, 1961, was almost all extracted from above
3,000 feet. Thus, about 5.2 billion tons of virgin undis-
turbed coal remained above 3,000 feet as of January 1,
1961, and of this amount probably about half, or 2.6
billion tons, is recoverable in the future. About 1.9
billion tons of this coal is estimated to be in beds 42
inches or more thick. This 1.9 billion tons of thick re-
coverable coal is distributed approximately as follows:
Dauphin County, 110 million tons; Lebanon County,
170 million tons; and Schuylkill County, 1,620 million
tons. In addition to the 5.7 billion tons above 3,000 feet,
approximately 1.9 billion tons of original coal lies below
3,000 feet. It is not possible to say how much, if any,
of this deeply buried coal will be recoverable in the
future.
SAND AND GRAVEL

Sand has been excavated at several points in the area
where weathering has caused the Montebello Sandstone
Member of the Mahantango Formation to disintegrate.
Principal among these localities are the crests of Fisher
Ridge and Hooflander Mountain in the Klingerstown
quadrangle (GQ-700) and the crest of Swope Moun-
tain in the Swatara Hill quadrangle (GQ-689).

Gravel has been quarried from the Sharp Mountain
Member of the Pottsville Formation on Broad Moun-
tain north of the villages of Heckscherville and Mount
Pleasant (Wood and Trexler, 1968b, pt. 1, sheet 1).
This gravel was used as base material in highway con-
struction. The conglomerate units of the Sharp Moun-
tain are suitable for quarrying at many other places
where they have weathered into gravel.

ROAD METAL

The upper beds of the upper shale member of the
Mahantango Formation and the lower beds of the Trim-
mers Rock Sandstone have been quarried for road metal
in numerous shallow pits in the Pine Grove and Swa-
tara Hill quadrangles. Some of these pits are large
and have been excavated extensively during recent
years. As road building continues, these rocks will prob-
ably be quarried increasingly for highway construction
materials.

BUILDING STONE

Conglomerate and sandstone of the Tuscarora Sand-
stone, Pocono Formation, and Pottsville Formation
have been widely used in the past for building materials
in the Anthracite region. However, because of the ease
with which most rocks of these formations disinte-
grate during weathering, it does not seem likely that
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they will be used as widely in the future. This us~ge
probably will decrease because manmade materials are
more uniform in size, more durable, and easy to

manufacture.
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