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General Plan of Field Trip

The Twenty-First Field Conference will provide & general review of the .

geology of central Pennsylvaxﬂ:a. ; LTh;'ee_z_ ps have been arrang_ed for this
purpose; | On Frid#y, May 27.,l Earlyand Middle Ordovician sediments will be
examined in Nittany Valley. ‘The second trip, on Ssturday, will make a wider
traverse of the Ridge and Valley area during which attention will be devoted
chiefly to Late Ordovician, Silurian and bevonian rocks and to the structural
features of the region. The conference will conclude on Sunday with an

examination of Permsylvanian sediments well exposed in strip mines of the

Allegheny Platezu areae
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Twenby-First Anmual Field Conference of
Pennsylvania Geologists

Friday Afterncon Trip
1130 to 5 30 PM, May 27, 1955

Stratigraphy of Ordovician limestones and
dolomites of Nittany Valley in area from Bellefonte
to Fleasant Gap, Pennsylvania

FoMe bwartz, RL Rones, A.Ce. Donaldson,
JePs Hea

The locaelities that will be visited in the area from Bellefonte to
Pleasant Cap expose a large part of thes 5000 feet of Middle and Lower
Ordovician limestones and dolomites of the region, in areas where important
stratigraghic contributions have been made by Collie, Ulrich, Butis, Field
and ¥ay. The sections occur across the crest and in neighboring parts of
the flanks of the Nittany Valley arch, which is the largest and most highl~
elevated as well as the most northwesterly of the anticlinorie that brlng
Cambro-Ordovician sediments to ground surface in Pennsylvania no.thwesi or
the Oreat Valley. The trip will also provide an introduction to the general
‘geology, geomorphology and structure of the region, providing background for
the trips of the following days.

In the report on Centre County by D!'Invilliers published by the
Pernsylvania Second Geological Survey.in 188L, all of the limestones and
dolomites of Mittany Valley were included in formation No. II, termed the
Trenton, Chazy and Calciderous. A4n important forward step, initiating the
subdivision of these strata and presenting. extensive information about fossils
vseful for correlation, was accomplished by Collie in 1903 when he dis-
tinguished the following lithologic and faunal sequence near Bellefonte,

Lorraine state, 350 feet: gray and brown shales, some thin beds
of sandstone and ferruginous limestone in upper parie.
Cyrtolites ormatus, Byssonychiz cincinnatiensis faunae

Utica stage, 550 feet: dark fissile shales, alternating with
brownish shales in upper part and containing some thin beds of
sandstone near widdle. Triarthus becki fauwna in lower half,
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Trenton stage, 603 feet: black limestone, with interbeds of dark
“ shale and containing layers of gray crystalline limestone in
middle and upper part. Irinucleus concentricus, Ceraurus
pleurexanthemus, Isotelus platycephalus, Plectambonites sericea
fauna, with Brongniartia trentonensis in lower parte

3lack River stage, 93 feeb: black shaly limestone alternating
with thick beds of gray limestone., Maclurea bigsbyi,
Strophomena filitexta fauna.

Stones River stage, 253 feect: crystalline black limestone
alternating with light gray limestone: Leperditia fabulites,
Frotorhyncha ridleyans fauna.

Beskmantown stage, 4803 feetr including at top 2335 feet of compact
yellowish gray and drab dolomitic limestone, underlain by 2468
feet of limestones and dolomitic limestones subdivided into 13
lithologic units, containing Bath s amplimarginatus, and
Maclurea affinis in uppermost 157 feet, Asaphus marginalus fauna
in beds 1L2Li to 1716 feet below top, Ophileta complanata in beds
2068 to 2283 feet below top. :

Collie reported that he was aided with faunal determinations by Ulrich
and others. In 1910 Ulrich published a further account of the Bellefonte
section and its faunas, in which he divided the Beekmantown beds into four
formations, namely the Bellefonte dolomite, Axemann limestone, Nittamy
dolomite and a lowest limestone which he identified with the Stonehenge
limestone of the Chambersburg region.

Following 'the early studies of Collie and Ulrich, the Ordovician and
Upper Carbrian sequences of Nittany Valley have received further investi-
gation by Butts, Field and Kay, so that the following stratigraphic succes=-
sion, given in descending order, can now be recognized in the Bellefonte-

Pleasant Gap area below the' Oswego or Bald Eagle sandstone that forms the
nesrest parts of the adjoining mountain ridges.

Ordovician Systenm
Cincinnatian series
Maysvillian stage

Oswego sandstone (Emmons, 1846), 350 to é50 feet: alsc known as Bald
Eagle sandstons (Grebaun, 1909) from exposures near Tyrone.

Maysvillian and Edenlan stages

Reedsville shale (Ulrich, 1911), 600 feet: dark gray finely micaceous
shale, weathering yellowish brown, with svbordinate, thin interlayers of
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micaceous siltstone, and some thin interlayers ot fossiliferous lime-
stones Resserella multisecta, Zygospira modesta var., Flexicalymene meeki
fauna.

Bdenian or Trentonian stage

Antes shale (Kay, 194l) 300 feet; dark gray to black, subfissile
shale, weathering brownish gray. - Triarthus eatoni, Dicranocraptus
nicholsoni fauna.

Champlainian series
Trentonian stage .

Qoburn limestone {Fleld, 1919) L00 feet; dark gray to grayish
black aphanitic limestone with interbeds of medium gray coarsely
crystalline coquinite; interbeds of shale increase in upper part so that
formation intergrades with Antes shale. Cryptolithus tesselatus fauna,
the mumerous species also including Sowerbyella sericeus, Hafinesguina
cfe alternata, R. deltoidea, Resserella rogata, Ceraurus pleurexanthemus,
Isotelus spp., Calymene senariae At base is zone of Parastrophia

hemiplicata.

Salona limestone (Field, 1919} 200 feet; grayish black aphanitic
limestone. Cryptolithus tesselatus, Brongniartella trentonensis faunae
Whitcomb, Bosencrznz and Kay have discussed widespread occurrences of
the yellowish-weathering bentonitic layers that are representative of
falls of volcanic ash and that occur at Bellefonte as follows: No. O,
1 foot above base of Salona, followed by No. 1 at 155 feeb, Noe 2 at 18
feet, No. 3 at 374 feet, No. L at 68 feet, and No. 5 at 104 feet.

Tusseyville limestone (Rones, ms.) 65 feet; includes Rodman limow
stone {Butts, 1918) 25 feect, underlain by Centre Hall limestone (Fleld,
1919) LO feet; these are medium gray to medium dark gray limestonas,
that differ markedly from the grayish black aphanites of the overlying
S2lona and the medium gray to light medium gray calcite-specked
calciluties of the underlying Valentine limestcone. The upper, Rodman
Limestone is much more crinoidal than the Centre Hall; as here inlerw
preted the thin-layered argillaceous beds at the middle of the Tussejw
ville at Bellefonte are included in the upper Centre Hall, a5 was done
by Kay at Tusseyville. Maclurites logani fauna. Tusseyville limostone
is part of the Nealmont limestone of Kay, limited by removal of Oak
Hall limestone.

Curtin limestone (Kay, 19L3) 120 feet; includes Valentine limesione
(Field, 1919) 80 feet, above, and Valley View limestone (Kay, 1343)
L0 feet, belows The Vale~hine 13m~rtane o the imnortant chemical lime-
stone of the region, and, through mmch of its thickness, is formed of




beds havirg less than one per cent of silica, and low values of R0

and magnesia. It 1s mined in the deep mines of the Natlonal Gypsum
Company and Warner (ompany near Bellefonte, and at the deep mine of

the Btandard Lime and Cement Company and open cut quarries of the
Whiterock Company near Pleasant Cap. The Valentine limestone consists
predominantly of light medium gray to medium gray, conchoidally breaking
calcilutite comtaining numerous spacks of sparry carbonate that domine
antly are fillings of small cavitlies formed in the lime mud early in 1ts
history of sedimentation and compaction. The No. A centonite of Rosenw~
cranz (1934) marks the base of the Valentine limestone as defined by Kay,
and there are some thin bentonitic partings at higher levels. Several
darker~splotched zones that retain high purity appear in the Valentine
northeast of Bellefonte, and thicken gradually noriheastward; they are
thought to be tongues from the medium dark gray Oak Hall limestones
Fossils generally are few in the Valentine limestone, but there are some
oceurrences of Tetradium cellulosum, especially in the lower bedsj there
are also some rare valves of Eoleperditia cf. fabulites, and some
conondonts have been observed in insoluble residuss. Ihe Valley View
limestone below the Valentine contains layers B, 0 and D of Rosencranz;
its base was drawn by Kay in the type area at Bellefonte at the base of
bentonits E; however, work by Rones has shown that bentonite £ at this
locality corresponds to bentonite F as known 20 fest below the top of
the type Stover limestone at Union Furnace 30 miles southwest of Belle-
fonte, and that Stover type lithology occurs widely above bentonite bed
E = F in the general Bellefonte - Pleasant Gap area. In consequence, it
has proven desirable to revise the base of the Valley View so that it is
not lower than bentonite bed D As a whole, the Valley View beds are
medium gray to medium dark gray in ecclor and are impure, containing
gseveral per cent of silica., Tetradium cellulosum is profuse in some beds
of the Velley View limestone, especially in the hisher parts, The dis-
sertation work of Rones indicates that the Valley View like the Valentine
grades laterally into the medium dark gray limestones oi the vak nall
limestone of Kay, which was included by Kay in the Nealmont limestone on
the supposition that the Oak Hall is younger than the Valentine and
Valley View, and rests on the disconformity which as Kay discovered
progressively truncates older beds toward the southeast. In Kay!s
opinion, the fauna of the Ozk Hall limestone warrants inclusion of the
Oak Hall in the basal portion of the Trentonian stage, and if this view
is supported by further faunal studies the interfingering Velentine and
Valley View limestones with their more limited known faunas will likewise
need to be classed as Trentonian. Interesting ostracodes that are now
being discovered in Ozk Hall and Centre Hall beds may aid future corre-
lations of these strata.

Faly
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Black River stage

Benner limestons (Kay, 1941) 155 feet, including Stover limestone
(Kay, 1941) 80 feet, underlain by Snyder limestone (Kay, 19L1) 75 feetbs
The Stover limestone is characterized by the presence of argillacecus-
dolumitic streaks and mottlings which under certain conditions of
weathering take on & "golden-weathering® appearance, and with further
attack impart to weathered swurfaces a complexly pitted, "worm-eaten'
character. Bedding surfaces of the Stover are in many instances deeply
furrowed, apparently by these same structures, giving them a striking
Ufpcoidal! appearance, oSeen in its weathered aspects, the Stover ig
one of the well defined formations of the Bellefonte area, although
comparable surface pitting is also developed in the weathering of the
Grazier limestone. The Stover beds are sparingly fessiliferous, but Kay
states that Cryptophragmus antiquatus anu Jistactospongia can be observed
on weatherasd surfaces. The Snyder limestone beneath the Stover lacks the
streaks and mottlings of Stover type, and contains conglomerstic intere
layers characterized by white-weathering limestone pebbles; there are
beds of oolites and calcarenites. Some of the upper layers are thin
bedded and more impure, and have ripple marked bedding surfacese. At
Union Furnace and Blairfour parts of the Snyder have been extensively
quarried for blast-furnace stone, road-metal and balast. Tetradimm
cellulosum and T. fibratum are abundant in some beds, and the Snyder may
be consldered one of the several important Middle Ordevician horizons of
the Tetradium corals.

Hatter limestone (RKay, 1941) 75 feet, including Hostler limestone
(Kay, 1943) 50 feet, underlain by Grazier limestone (Kay, 1943) 25 feet.
The Hostler limestone is impure, its beds containing 10 to 25 per cent
of silica as reported by Kay for the section at Union Furnace., In the
middle, more argillaceous and silty portlon at Union Furnace, there are
abundant specimens of Opikina and of other brachlopods and of bryozoz.
Fossils generally are less numsrous northwards toward Bellefonte. Upper
beds of the Hostler are less lmpure, but have been differentiated from
the basal beds of the Snyder by lack of the conglomerates with whitee
weathering limestone pebbles. Below the Hostler, the Grazier limestone
consists of medium dark gray, aphanitic limestone, with argillaceous=
dolomitic patches as well as orange-stained sparry carbonate. The rock
weathers with worm-eaten® surfaces somewhat suggestive of those of the
Stover limestone. Fossils include Tetradium syringoporoides and
Gonioceras Spe

Chagzyan stage

Loysburg limestone (Field, 1919) 3L0 feet. Includes at top the
Clover limestone (Kay, 19L1) LO feet, underlain by Milroy limestone
(Rones, ms.) 300 feet. The Clover limestone includes medium gray, more
or less calcilutitic, in part laminated limestones; exposed beds at the
Bellefonte section are comparatively impure and weather with yellowish
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gray, earthy surfaces, The name Milroy is proposed by Rones for the
tiger-striped! beds of Kay's reports, in which the dolomitic bands of
irregular, l-inch to 2~inch interlayers of dolomitic limestone and purer
limestone weather with distinct relief on many of the exposed surfaces
that transect the bedding of the rocke TFossils are rare in the Loysburg
limesteone, and correlation is based on stratigraphic position below beds
of the Black River stage as now understood, and above the Bellefonte
group which has been referred to the Canadian series since the days of
Colllie and Ulrich.

Canadian series

Bellefonte group (Ulrich, 1910) 1200-1L00 feet. Includes at top
Tea Creek dolomite (Swartz, Rones, Macaulay, ms.) 200 feet, underlain by
Coffee Tumn dolomite (Swartz, Rones, Macaulay, ms.) 1000 to 1200 feet.
The Tea Creek dolomite consists almost wholly of medium gray, in part
red-flecked dololutite that weathers light, more or less yellowish gray,
the weathered surface tending to be deeply gashed by incisions leached
along fractures that transeet this type of rocke The Tea Creek dolomite
is one of the most distinctive and readily mapped rocks of the limestone
valleys of central Pennsylvania, and tends to be associated with low
ridges that contribute a subdued lineation to the surface of the valley
floorgs At or close %o its base is the Dele Summit sandstone member
(Swartz, Rones, Macaulay, ms.), O to 20 feet, that was recognized and
extensivaly mapped by Butts. Butts cited the exposures of the sandstone
at Dale Surmit, and commented upon the perfectly rounded, white sand
grains, ohe locally conglomeratic character with pebbles of limestoene
and less commonly of chert and quartz, and occurrence of small unidenti-
figble fragments of trilobites and gastropods. Interesting petrographic
features of the sandstone have been described by Krynine. The Goffee
Run delomite member contains layers of ddelu"ite that approach the
dololutite of the Tea Creek in character, wut these tend to be over-
shadowed by interbeds of finely crystalline to medium crysialline dolomite
that weather medium to medium dark somewhat brownish gray in colore The
differences between the Tea Creeck and Coffee Run dolomites are well
exhibited in the type sections along the streams in Kishacoquillas Valley
from which the names are derived, where studies were undertaken preparae
tory to mapping in the Valley by Rones and Macaulay in 195l. Cyclic
occurrences of dolomites of differing texture, fabric and color occur in
parts of the Coffee Hun. Fossils are rare in both the Teaz COreek and
Coffee Run dolomites. In addition to the unidentifiable fragments of
trilobites and gastropods in the Dale Summit sandstone member, some
specimens of Hormotoma suggestive of He artemessia have been reported in

Coffee Run horizons. These occurrences seem inadequate for satisfactory
correlation; Kay has suggested that more attention might be given the
possibility that the Dele Summit sandstone represents the inauguration
of Chazyan sedimentation.
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Axemann limestone (Ulrich, 1910) 375 feet; medium gray to medium
dark gray aphanitic limestone, wlth rarer beds of finely to coarsely
crystalline, in part calcarenitic and oolitic limestones, and with interw
layers of finely crystalline to medium erystalline dolomite, the whole
forming a limestone sequence that contrasts with and provides the badis
for separation of the overlying Bellefonte dolomite and underlying
Nittamy dolemite, in which the grays of the weathered surfaces have
somewhat yellowish to brownish tones. Fossils are numerous at some hori-
zons, especially in the oolitic layers, and include the species
Maclurites ("Maclurea®) affinis and Jeffersonia ("Bathywrus") ampli-
merginata that were reported by Collie as well as Hormotoms artemesla
and other species first recognized by Ulrich. These three species
especially give evidence for correlation with the upper middle to upper
part of the Beekmantown group of the Champlain Valley and adjacent
areas of (Ganada. Additional fosslls having marked Beekmantownian
affinities include species of Isoteloides and of Bathyurslla near
B, caudatus found by G.R. Macaulay in thesis work on the faunas of the
Axemann in Kishacoquillas Valley and at Axemann; the peculiar character
of the pygldiel segmentation of the species of Bathyurella should mske
them especlally valusble for future zonal work. Although correlation
with the Beekmaentown of other reglons is fairly well established, the
disappearance of the Axemann southwestward in parts of the Tyrone and
Hollidaysburg quadrangles ralses questions concerning the role of changes
in facies versus non-deposition or erosion, and thus concerning the
paleogeography and tectonics that governed sedimentation. To atbtack this
problem, J.P. Hea has undertaken a dissertation in which he will use
detailed studles of sections and of recognizable lithobodies and fawmal
horizons, to try to esteblish the nature of progressive changes in re-
lations of the limestone and the enclosing - dolomites.

Nittany dolomite (Ulrich, 1510) 1200 “feet; medium gray, finely
crystalline to coarsely crystalline, in part vugular dolomite, weathering
medium to medium dark somewhat brownish gray, generally is dominant, the
surfaces pock marked by pits that measure 1 to 2 inches in diameter. In
parts of the formation the medium to coarsely crystalline dolomites
alternate more or less rhythmically with finer texbured and aphanitic
dolomites, each type weathering with a different color. Fossils are Taregy
but include species of the middle Canadian genus Lecanospira, whose
representatives are found in Missouri, in the Appalachians from Alabama
into northeastern New York and Ganada, in Newfoundland and in northern
Scotland.

Stonehenge limestone (Stose, 1908) 500 feet; aphanitic to finely
orystalline, medium dark gray limestone wlth irregular dolomitic streaks
and bands; there are interlayers of calcarenites and oolites, rumerous
beds of flat-pebble limestone conglomerate, and some beds of finely
crystalline dolomite, the formation as a whole centrasting with the overe
lying and underlying dolomitess At top is the Bellefontia collisana

fauna, with species of Hystricurus close to the widespread He conicusj
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Ophileta complanata and Finkelmburgia cfe F. wempll occur at lower
evels. A3 in the case of the Awxemann limestone, mapping by Butis
shows disappearance of the Stonehenge toward the southwest at many
localities. In his d& ssertation work, A.C. Donaldson has found it
possible to subdivide lithologies and faunas, and by tracing these
members through carefully studied sections is attempting to work out the
relations of the Stonehenge to the enclosing dolemites. The Larke dolo=
mte neer Williamsburg may be partly of Stonehenge age.

Cambrian System
Upper Canbrian series
Trempealeauian and Franconian stages

Mines dolomite (Butts, 1918) 250 feety finely crystalline to medium
crystalline dolomite, weathering light to derk somehwat brownish gray;
there are interlsyers and nodular zones of chert that is in considerable
part oolitic, and in part contains silicified Cryptozoa sppe suggestive
of Ce proliferum and C. undulatume Other fossils are rare; gastropods of
the gems oSinuopez found near Williamsburg have been identified with
species of the Van Buren formation of Missour‘.

Gatesburg dolomite (Butts, 1918) 1500 feets Aphanitic to medium
crystalline dolomite, differinr types weathering light to dark, somewhat
brownish gray, in part arenaceous and containing subordinate interbeds
of arenaceous dolomite and of dolomitic quartzite, so that surface

becomes covered with a thick, acidic and rapidly drying soil so that

Gatesburg areas form Barrens with few areas of cultivation. Oyclic
sedimentation has been recognized in the Gatesburg southwest of Iyrone
by Pelto (1942). In the Hollidaysburg quadrangle, the Ore HZ1l limestone
merber (Bubis, 1918), 50 to 100 feet thick and about 500 to 600 feet
below the top of the Gatesburg, contains a large suite of trllobltes,
including Elvinia roemeri of the Theresa of New York; Plethopeltis,
Saratogia and Pelagiella of the Hoyt limestone of New Yorks Conaspis
®lvinia, Burnetia, Lrvingella and Housia of the Franconia of Wisconsine

Dresbachian stage

Warrior limestone {Butts, 1918) 1000 feet; medium to dark medium
gray aphanitic to finely crystalline limestone, weathering light medium
greys in part thimmer bedded, argillaceous and micaceous. There are
coarser grained, ocolitic interbeds. Trilobites are common in some of the
oolites, rarer in other beds; they include species of the Crepicephalus
and Cedaria faunas. Cryptozoa cf. Ce undulatum is common at some horizons,

and Torms som: small bicherms thickening from zero to as much as L or 5
feet in distances of 10 to 20 feetbs
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Middle and Lower Cambrizan

The Warrior limestone is stratigraphically the lowest formation
exposed in the Bellefonte quadrangle. Farther southwest in the Hollidays-
burg quadrangle it is underlain by Pleasant Hill limestone (Butts, 1918)
600 feet, containing trilobites of the Middle Cambrian Alokistocare,
Olenoides faunaj beneath this in turn there are small exposures of greensih
to dark gray, in part purplish shales that contain fragments of Olenellus
and Bonnia and that have been referred to the Lower Cambrian Waynesboro
formatione
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Trip £1

Friday afternoon, May 27, 1955
1:30 %o 5130 P¥

Ordovician limestones and dolemites of Nittany Valley
from Bellefonte to Pleasant Gap

Departures At 1:30 PM; assemble on Park Avenue, State College,
back of Nittany Lion Tnn; use busses to aveid
back-tracking to autos at the stops.

Topographic maps: Bellefonte, Centre Hall

Itinerary
Miles
0.0 Northeast on Park Avemue, turning right and following macadam

road at 0.7 miles. From 0.5 to 1.0 miles there are fine views
of Nittany Valley and the surrounding mountain ridges, sSeen
from the level of the Harrisburg peneplain. For routes of this
and other trips, refer to multilithed, reduced scale, assembled
topographic map sheet at back part of Guidebook. :

1,0-1.7 Cross stop-sign intersections at 1.0 and 1.2 miles, and turn
left on highway No. 545 at 1.7 miles. Nittany dolomite in left
bank of road at 1.6 to 1.7 miles.

1.8-2,1 Axemann limestone dipping 200 SE is exposed in left bank of road.

242 On right: restored Cenmtre Furnace, & relic of the pre=Lake
Superior iron industry of central Pennsylvania.

245 Coffee Run (Bellefonte) dolomite in left bank of roade

3e2=3.3 Coffee Run dolomites on both sides of road; the dololutitic
beds show characteristic multiple jointing.

3.5-346 Darker weathering, pock marked medium crystalline interbeds of
the Coffee Run dolomites.

367 Small bridge over Spring Creek, at bottom of grade.

348«Le3 Tea Oreek, upper Bellefonte dololutites, weathering light
yellowish gray to grayish yellow, with gashed surfaces.

heT Bear left on Route 55 at fork in highway.
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5,2-5.3 Coffee Run dolomite in road cuts.

S5e3=T Fine views of Nittamy Valley and surrounding mountain ridges,
seen from general level of Harrisburg peneplain. &Shiloh Church
on left and cemetery on right at S.b miles. Rockview Branch of
State Penitentiary across fields on right at 6.3 milese

Tel Axemann limestone in road cuts.i

Tels Nittany dolomite in road cubs.

TeB Penitentiary warden's residence on left.

83 Turn right on road to Axemann, just north of entrance on left

to Station of The Pennsylvania State Police,
Ba6 STOP ¢ at intersection beside power line statione 20 minutes.

The stop affords a view toward the northeastern end of Nittanmy Valley,
from a hilltop at an altitude of 1080 feet, a little below the common
1100 to 1200 feet of most of the flattened lands that represent the Valley
Floor or Harrisburg peneplain. Bottoms of the valleys of the present
stage of dissection are cut several hundred feet lower, reaching an altitude
of little more than 700 feet at Milesburg Gap northwest of Bellefonte.

Bald kagle Mountain, which bounds Nittany Valley along its north-
westerly margin, has extensive summit areas at altitudes of 1600 to 1800
feet that have been attributed to the Schooley peneplain; where iransected
by Milesburg Gap it permits a view of Pocono sandstone-crested, 2200=-foot
sumits of the Allegheny Front, that may represent the Kittatinny peneplain.
Nittany Mountain, along the southeasterly margin of Nittany Valley, is
synclinal as contrasted to monoclinal Bald kagle Mountainj the nearer crests
are made by Oswego or Bald kagle sandstone, and have altitudes of 1900 to
2000 feel; the backbone of Tuscarcra sandstone protected along the
synclinal axis rises locally to more than 2200 feet.

Within Nittany Valley, northeast of Bellefonte, summits. of Sand
Ridge rise to altitudes of more than 1400 feet where m8derately resistant
Gatesburg dolomite and sandstone is uplifted along an updomed portion of
the axis of the Nittany Valley anticliney the geographic offsetting
of the ridge from the mid-line of the Vallaey gives evidence of the
asymmetry of the anticlinal structure. Due to a saddle along the anti-
clinal axis, Gatesburg beds remain below grownd level in the area
immediately between Bellefonte and Pleasant Gap; though to the southwest,
west of State College, they rise again to form Gatesburg Hidge and the
Barrense To the northeast, beyond Sand Ridge, the plunge of the anticline
eventually merges the continuations of Bald Eagle and Nittany Mountains.




_ The anticline into which Nittany Valley has been eroded in the
Bellefonte area, is part of the much larger Nittany Arch or anticlinorium,
which continues to the northeast beyond Sunbury and Muncy until it merges
with the folds of the Anthracite Basins, whereas toward the southwest it
extends across Maryland and into West Virginia before losing ite identity.
The anticlinorium is a major structural feature of the region; and lies
between the Broad Top synclinorium of cemparable dimensions and the more
extensive Allegheny Basin west of the Allegheny Front. It is the largest,
most highly elevated and most northwesterly of the anticlinoia that bring
S8ilurian and Cambro-Ordovician strata to levels of exposure northwest of
the Great Valley. , L

The rocks of the floor of Nittamy Valley are principally carbonates,
or carbonites £f this term is to receive usage. A basic framework results
in part from successive alternations of bodies of dolomite and limestone,
as well as from several striking changes within the limestones themselves.
Ledges of one of the important dolemite formations, the Nittany dolomite,
are exposed at Stop l. The beds are evenly and rather finely crystalline,
and weather with grayish brown surfaces marked by coarse pocks that in
part seem to represent enlarged vags, in part the solution of readily
weathered pockets. Loose slabs that weather a darker gray and are in part
somewhat coarser in texture, present on the whole a more characteristic
aspect for the formation, although the Nittany dolomite like the other
carbonate formations is complex and includes beds of divergent lithologies.

The Nittany dolomite is defined and separated from other thick
dolomite bedies by the Stonehenge limestone beneath it, and the Axemann
limestone above it. The weathered surfaces of the limestones tend to be
light medium neutral, so-called Ybluish" grays as compared to the somewhai
brownish to yellowish grays of the dolomites. Beneath the Stonehenge are
Mines dolomite with much oolitiec chert, and Gatesburg dolomite with sandy
layerse Above the Axemann is the Bellefonte dolomite group, characterized
at its top by dololutites that tend to weather light yellowish gray ‘o
grayish yellow and to develop deep gashes by weathering along transecting
joints. It is proving desirable to distinguish the Tea Creek or upper-
most Bellefonte which is composed almost exclusively of this type of rock,
from underlying Coffee Run dolomite, in parts of which there is predomin-
ance of more coarsely crystalline, pock marked layers resembling beds of
the Nittany formation. Petrographie features in beds of the Bellefonte
and Nittany dolomite, and Axemann and Stonehenge limestone have been
described in an unpublished dissertation by ReL. Folke

Above the Bellefonte dolomites, there was early recognitien of
upper black limestones containing the Oryptolithus tess elatus faunas
of the typical Trenton, under which are gray limestones in which there
was discovered a body of light-weathering, calcite-specked limestone of
high purity that is extensively worked today in deep mines near Belle-
fonte and in a deep mine and extensive open cut quarries near Pleasant Gape
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Careful stratigraphic studies of loecal rock sequences and of thelir
progressive lateral changes, using critical lithologic techniques aided:
by petrographic and chemical work, will continue to contribute to know=
ledge of the carbonate rocks of the region, and to understanding of the
vectonics and geography of sedimentation as well to potentialities for
economic use. Critical reinvestications zre needed of many of the fossils
of the area, and microfossils also offer promise for improvements in
interregional and intraregional understanding and for paleoecologic
interpretations.

2:20 PM, Return to buses and procede to highway No. SL5, using road
branching to left from road of entry.

8.8 Turn right toward Bellefonte, on highway No. 5L5.

9.0 ’tonehenge limestone, dipping gently toward southeast as
anticlinal axis is being approachede.

9.7 Valley of Spring Creek on left,

940~10.0 Uppermost Mines dolomite in area of axis of Nittany Valley anti?
cline, between grounds of Keckler Chevrolet Company on left of
road and of Dan Grove DeSoto Company on right.

10.k~10.6 Highway curves right toward Bellefonte with high roadside cuts
in Nittamy dolomite; there is marked steepening of dip in this
limb of the asymmetrical Nittany Valley anticline.

10,8 Entering outskirts of Bellefonte; some exposures of Nittany
dolomite, :
11 Continue through intersecétion at stop light.

11.3-11.} Cross Logan Branch, then cross reilroad tracks and keep lefthand
fork of reoad.

11.5 Big Spring on left supplies water for Bellefonte; it has a
’ reported flow of 14,600 gallons -per minute, and is located in
the belt of outcrop of the Axemann limestone.

11.5% Big Trout Inn on right; there are large trout in protected
waters of Spring Creek on left below highway.

1.6 Straight across intersectiona

11,7-12.1 Coffee Run dolomite, giving place to Tea Oreek dolomite at about
12.0% miles.
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12,1 STOP 2 30 minutes. Leave buses at stop sign at intersection
' with highway from center of Bellefonte. Buses will be met
farther north at 12.5 miles.

Exposures of formations from the Tea Creek dolomite to Antes shale
will be examined in ascending order. For details of the lithologic and
faunal features, refer to the introductory discussion for the tripe

Scattered exposures of Tea Oreek delomite are seen just south of the
intersection, and show the dololutitic character of the rock, and the light
yellowish gray, gash~bearing weathered surfaces. The next higher Wiger-
striped" Milroy limestone 1s concealed. More or less caleilutitic thine
bedded layers of the Clover limestone, weathered with yellowish gray earthy
surfaces, are partially exposed at entrance to a side road sbout 500 feet
north of the intersection, in contact on north side of side road with
Grazier limestons showing an excellent development of the characteristic
yormeeatent surfaces. The Hostler limestone is mostly concealeds The
Snyder limestone is well exposed, and shows beds with abundant Tetradium,
as well as thin-bedded ripple marked beds just north of a partially walled
up concealed interval. The Stover limestone is fully exposed, and in the
higher parts of the road cut shows the "worm-eaten" pits associated with
the argillaceous-dolomitic streaks and mettlings. The first prominent
yellowish clayey bands are bentonite beds E and D of Rosencranze Bed E
was used by Kay to define the base of the Valley View limestone; according
to work by Rones this bed is continuous with bentonite F, 20 feet below
the top of the type Stover at Union Furnace, 30 miles southwest of Belle-
fonte; widespread occurrence of Stover-type beds above bed E-F warrants
upward revision of the base of the Valley View limestone. There are traces
of bentonite beds C and Bs Only a few small exposures of Valentine limew
stone are visible at the roadside, in line with the middle part of the old
quarry northeast of the highway; excellent exposures of the Valentine will
be seen at Stop No. 5. The layers do show the calcilutitic character and
calcite specks of the rock, and photographs will be shown illustrating
the character of the rock in thinesection. There are good views of the
Warner Company plant and old quarries southwest of the highway; the
Warner Company has extended a heading underneath the creek at depthe The
Tusseyville limestone is well exposed; small strike~slip faults at the
top of the cut are offset toward the southeast on their northeasterly
side, in accord with the direction of offset of a larger fault 1% miles
farther northeast. The lower 100 feet of the Salona limestones are f
exposed, exhibiting the characteristic aphanitic texture and grayish black
color; several of the bentonite beds, characteristically weathered to
yellowish, clayey bands, can be seen; fossils are not abundant, but
specimens of Cryptolithus tesselatus and of Brongniartella trentonensisg
can be found above bentonite bed No, Le Above a concealed interval, the
bulk of the Coburn limestone is excellently exposed, with highly fossile
iferous coquinites favorable for collection of the Cryptolithus tesselatus
fauna, The lower part of the Antes shale is exposed; some layers contain
gbundant Triarthus eatoni, There 1s a long concealed interval to beds of
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the Oswego or Bald Eagle sandstone at the entrance to Milesburg Gap.

On the southwest side of the gap, the adjacent portion of the rldge in
the Oswego or Bald Eagle beds is truncated for nearly a half mile at a
level between 1100 and 1200 feet, apparently reflecting widening of the
gap at the level of the Harrisburg peneplain.

3:10 Retwrn to buses at 12.5 miles opposite exposures of Antes
shale. Buses will returan through town by route of entry, as
far as 13.6 miles at railroad tracks.

13.3% Cross intersection in Bellefonte.

13.h=13.5 Pags Big Trout Inn and Big Spring.

13.6 Turn left at right angle on road to Pleasant CGap, just
before crossing railroad tracks.

13.7 Straight through intersection at stop sign.
1347=13.9 Nittany dolomite in left road cut, showing characteristic

medium dark gray, pock marked surfaces, Lecanospira compacts
has bheen reported in the lower portion of these beds,

1349-1l.2 Stonehenge limestone, still dipping steeply to northwest.
Bellefontia collleana fauna cccurs in highest of exposed ledgese

1}142-15.0 Mines dolomite, poorly exposed; the anticlinal axis is crossed
at about 1.5 miles.

.95 STOP 3: 25 minutes. Stonehenge limestones Buses will move
on to 15.6 miles.

Characters of the Stonehenge limestone will be discussed by Alan C.
Donaldson, who has begun.a dissertation study of the characters of the
Stonehenge of the reglon, and the manner in which the formatlon changes
thickness and locally disappearse To date, Mr. Donaldson has recognized
the following five members of the Stonehenge of the Axemann section, given
in descending order; in part these members appear to be traceable to
other sections farther to the southwest in Nittany Valley.

Member 5. ILimestone, aphanitic to coarsely crystalline, in part oolitie
and very fossiliferous; there are some zones of flat-pebble limestone
conglomerate, and some %—foot to 1l=foot interlayers of finely crystalline,
medium-gray dolomite. Bellefontia cellieana fauna with Hystricwrus aff,
conlcus, Eccliomphalus multiseptarius, Palaeacmaea sp. hO feet

Member ljo Iimestone, aphanitic to coarsely crystalline, with irregular
dolomitic strezks and bands and some thin argillaceous laminae; there are
some layers of flat-pebble limestone conglomerate and several g-foot to
l-foot interlayers of finely crystalline, light gray dolomite.

Fossils rarce. 50 feet
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Trilobite figures from A.R. Palmer's B.Se. thesis
Stop 3 (continued)
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Member 3. ILimestone, aphanitic and calcilutic, with irregular

dolomitic streaks and bands; some thin interlayers are mediumn to coarsely
cerystalline, calcareritic or oolitic; dark gray to black chert occurs in
thin layers or more commonly as zones of l-inch to 2-inch nodules; 3-foot
to 1-foot interbeds of finely crystalline, light medium gray dolomite are
common; grains of quartz sand occur in a dolomite interlayer at 20 feet
below top of member, forming a horizon that appears to be traceable to
other localities; the sediments form asymmetrical cyclic sequences,
tynically consisting in ascending order of calcarenitic limestone, fallawed
by Aolomite then by more calcilutite. Ophileta complanata fauna; fossils
generally uncommon. 210 feet

Member 2. Limestone, aphanitic to finely crystalline, with some crosse
bedded caleisiltites and with numerous Z-foot to l-foot layers of flat-
pebble limestone conglomerate, that is rare or wanting in next higher
member; calcilutitic beds with numerous thin argillaceous laminae or bands
are more abundant in lower portion; red-staining is common in middle
portion. Finkelnburgia sp. common to abundant in lower third. 150 feet

Member l. Limestone, in part oolitic and containing numerous small
gastropods, with interbodies of dolomite measuring as much as 10 feet in
thickness and forming about 50 per cent of rock; the dolomite is finely
crystalline, and weathers light brownish gray; boundary with Mines is
subject to further revision. 50 feet

3¢50 PM. Return to buses at 15.5 miles opposite Bellefontia collienana
gone. Continue to soubtheast through Axemann on road to Pleasant
Gap. Pass road on left at 15.6% miles, road on right at 16,1
milese The Nittany dolomite is exposed at various places from
15.7 miles to 16.8 miles.

17.h STOP iz 20 minutes. Axemann limestone. Walk south on lane
crossing 'creek, turn lefit on railroad tracks for about 200
feet and cross fence to exposures of Axemann limestone in woods.

Although this location is not very satisfactory for a visit by a
large group, the opportunity will be taken to visit fossiliferous beds
of the formation. Axemann stratigraphy will be discussed by JePs Hea
who has undertaken a dissertation on the Axemann intended to be comparable
in scope and purpose to the Stonehenge investigation of A.C. Donaldson.
In work on the Axemann at the Axemann section, Mr. Hea has tentativelw
recognized three lithologic memberss The middle member contains three
important species previously recognized in the thesis of G.R, Macaulay,
namely Isoteloides triangularis which occurs in a higher zone with ‘
Maclurites affinis and species provisionally distinguished as Bathyurella
paracaudatus and Bathyurella latimarginatus, which occur in a lower zone.
In the latter species, the segmentation of the plural lobes of the
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pygidium is very distinctive, alding critical identification and use
for zonation.
1320 PM. Return to buses., Continue on road to Plessant Gap.

18.5-18.8 Road on rightj continue through underpass and enter Pleasant Gap.

19,0 Highway intersection. Turn left on highway No. 6h.
19.6 Turn right on macadam road on outskirts of Pleasant Gap.
19,7 Turn left on crushed stone road into Whiterock Quarries,

and procead to quarry face.
19,9 8T0P 5¢ 25 minutes.

The Middle Ordovician Stover, Valley View, Valentine and Tusseyville
limestones are excellently exposed in the quarry faces; their loecal
characters and regional relations will be discussed by Morris Rones on the
basis of dlssertation studies that are now being completeds Mre Rones
began work on Ordovician limestones in Kishacoquillas Valley with CG.Ra
Macaulay in 1951, received Survey support for mapping in parts of Brush
and Penns Valleys in 1952, and subsequently has been associated with
Wniterock Quarries where he has been provided with thin sections and
chemical analyses of samples collected in the course of his stratigraphic
studies. Both the chemical analyses and the fabrics seen in thin sectiocn
have aided the investigation of the characters and correlation of the
studied lithobodies.

5200 PM, Return to buses. Return to highway No. 6L, turn left and
continue directly through Pleasant Gap to State College.
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Saturday Field Trip, May 28, 1955
8 AuMe to 5230 P.M,

 Stratigraphy and Structure in the Ridge and Valley
Area from University Park to Tyrone,
Mts Unlon and Lewistouwn

Frank Me Swartz

The Satwrdey Field trip offers opportunity to observe general
features of the geomorphology and structure of part of the Ridge and
Velley Province in central Pennsylvania, as well as to examine the pre-
dominantly detrital Upper Ordovician, silurian and Devonian sediments
that lie above the Ordovician limestones and dolomites visited during
the Friday excrrsion.

Geomorphic features

The geomorphic pattern of elongate, narrow ridges and inter-
vening, elongate but broader valleys, beavtifwlly reflects the basic
zeologic features of the regicu in the manner characteristic of large
areas of the folded Appalachians. The higher ridges generally follow
the belts of outcrop of the Lower silurian Tuscarora sandstone, buttressed .
toward the Ordovician limestone valleys by Oswego-Bald fagle sandstone or
by the partially equivalent Lost Run conglomerate. The crests of the
Allegheny Front west of the Ridge and Valley area, and of Terrace Mountain
and sideling Hill within it, are formed by the Mississippian Burgoon sand-
stone merber of the Pocono sandstones. Sandstones of the Upper Devonlan
Chemmg and Brallier formations, and in the Huntingdon region of the
Middle Devonian Hamilton group and Lower Devonian Oriskany =zroup, hold up
less elevated but nevertheless significant hogbacks. Loops or bends of
the ridges reflect pitches of the folds, and in places there are offsetls
caused by faults, Summits of the higher ridges are comparatively level
for long distances, and are indicative of former peneplains whose traces
otherwise have been destroyed long since by dissection. 4As a rule the
ridges or shoulders formed by the Upper Ordovician sandstones and con-
glomerates have been lowered below the levels of the Tuscarora sandstone,
and have been cut by more numerous gapss Some of the lower hills appear
to reflect the level of the Valley Floor or Harrisburg peneplain that
truncates hilltops of the limestones of Nittany Valley, but others rise to
higher levels. Incised meanders are beautifully developed along some
streams, notably along Raystown Branch of the Juniata River west of
Terrace Mountain, and less extensively along Penns Creek where it cuts
through the Seven Mountains.
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There is some reason to postulate that special features of the
bedrock at two of the stops were developed largely during past stages of
the geomorphic history of the region. At stops 14 - 1B, beds of the
Oswego and Juniata formations of Bald Eagle Mountain are subvertical as
the highest point on the highway is approached from the southeast, whereas
the Tuscarora quartzite sandstone at the summit of the steep northwesterly
slope of the mountain is generally overturned, dipping to the southeast
at angles of around 30 to L5 degrees. This same relationship is found in
crest-forming Tuscarora beds as compared to subvertical adjacent formations
in quarries on Bald Fagle Mountain 5 miles to the southwest above Port
Matilda; on Dunning Mountain south of Claysburg, Pennsylvania; and with
change in the formational pattern at Woodstock Gap at the summit of the
western ridge of Massanutten Mountain in Virginia. It is suggested that
in each of these instances the change in dip of the resistant beds at the
summit of the mountain slope may represent creep or slump of strong rock
ledges that are not readily removed by erosion, and that have been sub-
jected along with their shaly partings to long continued weathering while
partial peneplains were being developed at lower altitudes.

Deep weathering is reflected by chemical rather than structural
changes in the Rochester and Rose Hills shales and Keefer sandstone at
Stop No. 5. The Rochester shale here is tan colored with rose-colored
tints, as compared to the dark gray coler of the same shales where freshly
exposed 6 miles *» the north along Little Juniata River at levels 300
feet lower in altitude, and there are only a few clayey traces of the
2-inch to 6-inch interlayers of limestone that are common at the latter
locality. Similar leaching and oxidation is found in these beds at
various other places where they are close to the horizon of the Harris-
burg peneplain., Such deep weathering may have been accomplished in large
part in Tertiary rather than Pleistocene or Recent time.

General structure of the area

From the structural point of view, the course of the trip cuts
almost directly across Appalachian folds for the 30 miles airline distance
from Tyrons to Mt, Union. Wide Nittany Valley follows the higher part
of the anticlinorium of the Nittany Valley Arch, but is subdivided to the
south of the line of the trip by synclinal Brush and Cance Mountains. The
broad valley region from Tussey Mountain past Huntingdon and around the
tip of Terrace Mountain to Stone Mountain, is eroded in the Broad Top
synclinoriwm where it is deep enough to carry the Tuscarora sandstone be-
low the levels of erosion, Stone and Jacks Mountains near Mbt. Unmion result
from reemergence of the Tuscarora sandstone in the axial portion of the
anticlinorium of Jacks Mountain and Kishacoquillas Valley, in the region
of southwestward plunge where the structure is simplified and lowered in
altitudes




Nerthwestward from Lewistown, the route retraverses the ssme
three major structures In reverse order. The anticlinorium of Kisha-
coquilles Valley is here at higher levels, is more complex, and is
surfaced by the broad, Ordovician limestone farm lands of the Valley
area, The northeasterly exbension of the Broad Top synclinorium is
narrowed and pinched, and in its deeper portion is represented by the
Seven Mountains with thelr strongly pleated Ordovician and Silurian sand-
stones and shales. Leaving the Seven Mountains, the trip returns to
Penns Valley which is eroded along a prong of the Nittany Valley anti-
clinoriume

Ali three of the major fold structures, and most of the larger
folds into which they are subdivided, follow the general rule of the
Ridge and Valley Province in that they are markedly asymmetrical, with
southeastward dip of the axial planes and steepening of the northwesterly
as compared to the southeasterly limbs of the anticlines. Minor folds by
which weaker rocks are adjusted to the more competent beds adjoining them,
as well as a few folds of larger size, do not always follow this same
pattern. In Tyrone Gap in Bald Eagle Mowntain, small folds in the Juniata
formation that agree in nature of failure to neighboring, smallescale
normal faults, have axial planes dipping to the northwest. In the upper
pert of the Reedsville shales near the axis of the Kishacoquillas Valley
or Jacks Mountain anticline west of Mte Union, there are small adjustment
folds in which the axial planes tend to have a somewhat fan-like disposition.

One of the especially interesting structural feastures that will be
visited during the trip is the Birmingham overthrust, at Stop No. 3, three
miles southeast of Tyrone., Where exposed along tracks of the Pennsylvania
Railroad on the south side of the Little Juniata River, the fault surface
dips southeastward at an angle of about 15 degrees, and is overlain by
Upper Cambrian Gatesburg sandstone and dolomite. Along the railroad tracks,
the rocks below the fault are Middle Ordovician limestones, intensely
fractured but recemented. Along the highway on the north side of the river,
the fault overrides a structurally distinct block formed by a scmewhat
overturned succession ranging from Middle Ordovician limestone to Lower
Silurian sandstone. It has been divergently suggested (1) that these rocks
are a slice of an overridden syncline having Silurian rocks at its axis,

(2) that they are rocks first dropped in a greben and subsequently overs-.
ridden by the overthrust.

In contrast to the shearing that thins out the Juniata formation
in the block underneath the Birmingham overthrust, the Juniata beds at
Tyrone Gap are thickened by numerous small normal faulbts. It is possible
that thesc faults Jeveloped as reverse thrusts and were rotated into
their present attitudes by subseguent continuation of the Appalachian
foldinga
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Stratigraphic Sequence

The Upper Ordovician, Silurian and Devonlan shales, sandstones,
conglomerates and some limestones, that will be visited in the course of
the Saturday trip, and that lie sbove the Ordovician limestones and dolo-
mites previously observed near Bellefonte and Pleasant Gap, are listed
below together with Mississipplan formations, in descending order with
brief descriptions. Various special features are more extensively
discussed in the account of the Itinerary.

Mississipplan System

Meuch Chunk red shale (Lesley, 1876) 200 to L0O feet on Allegheny
Front, 1000 feet and more in Broad Top synclinoriume Red silty shale and
mdrock, some gray sandstones and subordinate limestone.

Loyalhamna limestone (Butts, 190L) LO feet thick on Allegheny
Front southwest of Tyrone; not recogmized in Broad Top synclinoriume
Highly arenaceous, cross-bedded limestone.

Pocono sandstone (Lesley, 1876) 1000 to 1200 feet. Includes at
top Burgoon sandstone member (Bubts, 190L) 300 to LOO feet, making crests
of Allegheny Front and of Terrace Mountain and Sideling Hill; wunderlying
inberbedded sandstones and shales are cyclic at Horse Shoe Curve section,
beginning with sandstones that rest on sharp erosion surfaces and graje
upward into shales that in a few instances contain brackish water faunas.
Patton red shale occurs in upper part of the shale and sandstone member in
area west of the Alleghemy Front.

Devonian System
Upper Devonian series

Catskill red beds (Mather, 18L0) 2000 to 2500 feets The term
Hampshire red beds (Darton, 1892) has been used in some reports to
emphasize the view that the Upper Devonian red beds of the Allegheny
Front and Huntingden region are wholly younger than the type Catskill
red beds of the Catskill Mountain regions Consists dominantly of
grayish red cross-bedded micaceous sandstone and silty mudrock and
shale, with subordinate grayish green intercalations. Fossils generally
are rare, azlthough a few ostracoderm plates may be found, and Chemung
fossils occur in some basal beds.

Chemung shale and sandstcne (Hall, 1839) 2500 to 3500 feet.
Gray shale and interbedded sandstone, weathering yellowish brown; there
are some enrolled slump structures knowm as "stormrollers' in Hunting-
don area, beds in upper 1000 feet are largely reddish brown or chocclate
colored, foretelling their eastward intergradation into Catskill red
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bedss Buits estimates that Catskill«Chemung boundary probably drops aboutb
500 feet in stratigraphic horizon from the western limb to the eastern
limb of the Broad Top synmeclinoriume In the Huntingdon guadrangle, Butts
mapped following members for considersble distances: Saxton conglomerate
member (Butts, 1918; previously identified by I.€. White with Lackawaxen
conglomerate of Pike County) 100 feet of sandstone shale and some conglom=
erate, 800 to 1300 feet below top of Chemung; Allegrippus sandstone
merber (I.C. Wnite, 1885) 50 feet, 1100 feet above Pine Ridge member;

Pine Ridge sandstone member (Butts, 1918) 50 feet, 30 to 50 feet zbove
base of Chemung. Butts also states that there are other locally developed
conglomeratic beds in the area, and notes cccurrences 400 feet below the
Allegrippus and 100 to 500 feet above the Saxton. The Chemung shale is
characterized by the Cyrtospirifer disjunctus fauna, the numercus species
also including Platyrachella mesacostalis, Tylotlyris mesastrials,.,
Atrypa reticularis, Atrype hystrix, Schuchertella chemungensis, Duuvillina
cayute, Praductella lachrymosas Cariniferella ticga is a distinelive
species of the lower portion, especially along the Allegheny Fromte

Brallier shale (Butts, 1918) 1h00 to 1800 feet; micaceous silty
shale and some interbedded finewgrained gray sandstone; at base is Stone
Creek sandstone member (Swartz, ms.) 100 feet, which produces Stone Creek
Ridge, the first pronounced hogback east of Huntingdon, and appears to be
continuous with the fine-grained sandstone and siltstone that produces the
first line of hogbacks on the northwest side of Bald Eagle Oreek in Bald
Fagle Valley northwest of State College. As compared to the overlylng
Chemung shale; the Brallier shale tends to be more uniform, containing
fine silt and mica without the sandstone interbeds that tend to becoms
common in the Chemung; in practice, the separation has been made in the
field by use of the first appearance of the abundant fossils of the
Cyrtospirifer disjunctus zone. The Brallier shale is comparatively '
unfossiliferous; Pteridichnites biseriatus, which is perhaps the least
uncommon fossll, has been interpreted as some type of trails There are
a few pelecypods and rare goniatites.

Harrell shale (Butts, 1918) 250 feet; in lower part is Burkebt
black shale member (Butts, 1918), grading upward into soft gray shale
that becomes somewhat silty in upper part as it approaches Stone Creek
sandstone menber c¢f Brallier. Styliolina fissurella is fairly commony

in lower part especially are pelecypods of the Buchiola retrostriata
fauna, and there are some rare goniatites.
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Middle Devorian series

Tully limestons (Vanuxem, 183%9): 20 feet of argillaceous lime-
stone, clearly equivalent to Tully limestone of wells of the Leidy and
Benezzebtte gas fields and of various nearer test drill holes, cccurs in
Bald Eagle Valley near Milesburg northeast of Bellefonte, directly be-
neath the Burkebt black shale. The limestone has not been observed in
the Huntingdon region, and may be replaced by shale in that area. In
the Milesburg ares, the limestone is fossiliferous, containing Phacops
rana, Proetus rowel, Creenops sp. {(new), Atrypa spinosa and other
fossils; Hypothyridina venustula has not been discovered at this locality.

Hamilton group {Vamuxem, 18L0) 1000 to 1LOO feetj includes
Mahanbange shale (Willard, 1935), the gray to olive green Hamilton shale
of many revcrts, 800 feet in Bald Eagle Valley and 1200 feet near Hunting-
don, underlsin by Marcellus black shale (Hall, 1887) 200 to 300 feet.

The Mahantangc shale is weak and generally eroded to the general level of
the valley floor in Bald Eagle Valley; near Huntingdon and Lewistowm it
contains several siltstone and sandstone beds that cause some increase in
resistance to erosion and that reflect the development toward Perry County
and Harrisburg of the ridge-forming Montebellc sandstone (Claypole, 1885).
Contains the typical Tropidoleptus carinatus,; Mucrospirifer mucronatus,
Phacops rana, Greenops boothi fauna, with Pustulina pustulosa in upper
beds, The Marcellus beds are dominantly fissile black shale, with a fTew
thin interlayers of limestone and some calcareous concretions. Fossils
are rare; a few specimens of Lelorhync¢hus limitare have been reported.

Onondaga limestone (Hall, 1839} 125 feet, including Selinsgrove
limestone member (I.C. White, 1883) 35 feet, sbove, Needmore shale member
(willard, 1939) 90 feet, belows The Selinsgrove limestone is argillaceous,
weathering buff and more or less earthy; the Needmore shale is ealcareous,
~rar o more or less black when fresh; generally weathering tan colored
and containing some interlayers of argillaceous limestones TFauna includes
Odontocevhalus selemurus, Phacops cristatag ostracodes are numerous in’
some layers, and as described by Swartz and Swain can be used 1o distinguish
3 to |} zones within the formation in central Pennsylvania. The Onondaga
Needmore beds rest with sharp contact on the summit of the underlying
Ridgeley sandstone, and sand grains evidently derived from the Oriskany
surfac. tend to be reworked and incorporated in the basal several inches of
the Needmore.

Lower Devonian series

Oriskany group (Vanuxem, 1839) 175 to 250 feet, includes Ridgeley
sandstone (C.K. Swartz, 1913) above, 50 to 125 feet; Shriver siliceous
limestone (CoK. Swartz, 1913) 125 feet, below, Ridgeley sandstone consists
of clean quartz sand, in some areas and horizons highly calcareous when
weathered. This is the Oriskany sandstone of the deeper gas fields of
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northern and western Pennsylvania; it is extensively worked for glass

‘sand in the vicinity of Mapleton east of Huntingdon; it is the source of

an artesian well obtained at the Owens Corming Fiberglass plant in
Huntingdon; it contains the Costispirifer arenosus, Acrospirifer murchisoni,
Hipparionyx proximus fauna of the Oriskany sandstone of New York; other
species inciude Rensselaria ovoides vars.; Meristella lats,

Flethorhynchus speciosa. The Sariver limestone is highly siliceous,
becoming silty in upper part; it weathers into lightweight, punky blocks,
suggestive of weathered impure chert; some of silica is derlved from sponge
spicules, and parts of the rock contains small percentages of collophane.
The fauna includes Chonetes hudsonicus, Metaplasia plicatus, Orbiculoidea
jervensis, and numerous ostracodes including especially Thlipsura confluens,
Craterellina robusta, Thlipsurella seccoclefta, T.ellipsoclefta.

Halderberg group (Conrad, 183%) 60 feet, including Mandata shale
{FoMo Swariz, 1939) 30 feet, underlain by New Scotland limestone (Clarke
and Schuchert, 1899) 20 fest, and Coeymans limestone (Clarke and Schuchert,
1899) 10 feet. The Mandata shale is distinctly less siliceous and blocky
than are overlying beds of the impure Shriver limestone; the New Scotiand
limestone is cherty, and contains Fogpirifer macropleurus, Delthyris
perlamellosa and other characteristic fossils; it is suggestive Llitho-
Iogically of the Kalkberg member of the New Scotland of New York; the
Coeymans limestone is crystalline and crinoidal, contains the characteristic
Gypidula coeymanensis fauna, and has at its base at its base at many places
small fragments of the upper Keyser limestone upon which it rests with a
sharp and apparently disconfermable contact.

Silurian System
Cayugan series

Keyser limestone (Ulrich, 1911) 125 to 175 feet. At top,
Paintersville limestone member (Swertz, ms) LO feet, consisting of thinly
laminated limestones, some thicker interbeds; underlain by Hollidaysburg
limestone member (Swartz, ms) 50 feet, thin- to medium-bedded, locally
somewhat cherty limestone; and Mb. Rock limestone member (Swartz, ms)

50 feeb, composed dominantly of lumpy or nodular limestone with some inter-
beds of crinoidal limestone. Chometes jerseyensis fauna in lower portion;
other especially important fossils include Merista typa, Gypidula
prognostica, Camarotoechia giganmtea, Rensselaerina mutabilis, and at some
localities Lalysites catenularia var. and cther corals.

Tonoloway limestone (Ulrich, 1911) 700 feet at Mi. Unlom, where
Swartz {1934) recognized in descending order, upper purer limesione
marher, dolomitic limestone member, middle limestone member, mudrock
and argillacecus limestone member; and lower limestone member. In middle
limestone member especially there are cyclic deposits, with basal fossil-
iferous limestones in which are found Hindella congregata, and new
Zyoobeyrichia dorsocristata which ranges southward in a well defined zone
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into the Sneedsville limestone of Tennessee., The mudrock beds reflect
northward and northeastward increase in clayey material.

Wills Creek shale (Uhler, 1505) 450 feetj consists of
" eyelically deposited argillaceous dolomitic limestone, laminated :
argillaceous limestone, and calcarecus gray mudrock weathering yellowish
- green, the mudrock in part grayish red or red-splotched and then
representing tongues from portions of the Bloomsburg red beds into
which the Wills Creek intergrades toward the southeast and east. There
are a few small cubical vugs pessibly left from solution of halite
erystals, Fossils are rare; there are some species of leperditia, and
toward the west Zygobeyrichia ventricornis is found in basal layers.

Bloomsburg red beds (I.C. White, 1883) 50 to 100 feet,

containing in middle part Imcy School siltstone member (Swartz, ms)
20 to0 3G feet. Upper and middle parts consist of calcareocus grayish red
mudstone breaking into small hackly fragments; Lucy School member consists
of upper and lower bodies of arenaceocus, grayish r<d siltstone, breaking
intc coarser hackly fragments, separated by about 5 feet of red mudstone
based by greenish gray calcareous shale; this member is persistent from
the type area at Mt. Union to Altoona on the west and Lewistown and

7 Mifflintown on the northeast, maintaining the triplicate structure over
mach of the area,

&

Miagaran series

McKenzie shale and limestone (Ulrich, 1911), 350 feetj includes
at Mt., Union upper shale and limestone member, 70 feet, containing ’
Kloedenella gibberosa ostracode zones Rabble Run red calcarecus mudrock
member (CoK. Swartz, 1923) 70 feet; lower limestone and shale member
210 feet, thin-bedded generally aphanitic limestone with minor occur-
rences of flat limestone pebble conglomerate, and containing zones of
Kloedenella nitida, Velibeyrichia moodeyi, Whitfieldella marylandica
with Kloedenella cornuta.

Clinton group (Conrad, 1839) 855 feet, including in descending

order Rochester shale (Conrad, 1839) L0 feet; Keefer sandstone (Ulrich,
1911) LO feets Rose Hill shale (C.K. Swartz, 1923) 700 feetj Castanea

- sandstone (F.M. Swartz, 193h) 75 feet. The Rochester shale is dark
gray, calcareous shale with numercus interlayers of highly fossilifercus
medium gray medium crystalline limestone; it contains the Dalmanites

- limulurus, Stropheodeonta proutyi, Stegerhynchus neglecta, I'™epanellina
clarkl fauna., Keefer sandstone includes upper, quartzose, somewhatb
calcarecus sandstones containing crinoid fragments, underlain by calcar-
eous argillaceous and arenaceous rock containing Schuchertella subplana

and other fossils. The Keefer sandstone was termed the "Ore candstone®
by the members of the Second CGeological Survey of Permsylvania because
of associated, thin beds of iron ore that were worked at various places
in Pemnsylvania during the 19th century. The Rose Hill shale is seen
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at the outcrop as an olive gray and in part chocolate-colored shale,
containing a few thin interlayers of fine-grained sandstone or guartzose
siltstone, and in the upper portion some thin interlayers of highly
fossiliferous limestone. Some thin interlayers of iron ore have been
discovered in it in Pemmsylvania, but none are to be seen in the compar-
atively complete exposures at Mt. Union except for several thin layers }
just beneath the Keefer sandstone. The Rose Hill shale is characterized
by Coelospira hemispherica, changing in upper beds to Coelospira sulcataj
by Chonetes aff. G. novascoticus and liocalymene clintons six ostracode
zones are based primarily upon Mastigobolbina typus, Bonnemaia rudis,
Mastigobolbina modesta, M. lata, Zygobolba bimuralis, Z. decora and Ze

anticostiensis. The Oastanea sandstone in a sense represents inter-

gradation from the Tuscarora quartzitic sandstone into the Rose Hill
shaley it contains some layers of shale and some of quartzitic sandstone,
but it is characterized especially by grayish red and greenish siltstone
and fine-grained sandstones that abound with Scolithus tubes, the bedding
surfaces covered with lumps that appear to be castings from the tubes.

The red siltstones and fine-grained sandstones can be found at many

places on the mountain slopes and provide an excellent key to the boundary
between the Clinton and Tuscarora sediments.

Medinan series

Tuscarora quartzite or quartzitic sandstone (Darton, 1896)
LOO to 500 feet. The Tuscarora is characterized by dominance of beds
of clean quartz sand, generally well cemented by quartz overgrowthss
there are numercus thin partings of somewhat silty gray and in part
grayish red shales, grading into argillaceous siltstone, the shale and
siltstone forming 10 per cent and more of the rock and increasing west-
ward; the quartz sand and clay and silt were however exceptionally well
separated during sedimentation so that sandstones where deeply weathered
on the mountain slopes are used for ganister rock in the manufacture of
silica brick, and have reported compositions of as much as 98 per cent
S$i0,. In most parts of the Tuscarora the sandsiones are extensively
cross-bedded, with amplitudes of f-foot to 2 feet; some beds are laminated
parallel to the general bedding and then commonly are extensively ripple=
marked, at least in part by symmetrical ripple mark; some bedding
surfaces show numerous pits left by shale chips, as much as 2 to i inches
in greatest diameter: some layers bear mumerous small limonitic specks at
distances of around 1/8th inch apart, possibly from the weathering of
ankerite. Shelly, definitely marine fossils are not known; there are
eurypterid fragments in some of the shaly interlayers; more common are
Arthophycus alleghaniensis, subhorizontal worm burrows, and Scolithus

tubes, seen both-as tubes vertical to the bedding and as pits of the
bedding surfaces.
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Ordovician System
Cincimmatian series

Juniata red sandstone and shils. (Darton, 1896) 1200 to
1500 feet; including in descending order Run Gap sandstone member
(Swartz, ms) 100 to 260 feet; Plummer Hollow red mudstons and sandstone
member (Swartz, ms.) LOC to 600 feety Basgt Waterford red sandstone
member 500 to 800 feet. The Run Gap member named from Run Gap in
Tuscarora Mountain is widely developed through central Pennsylvania,
is formed of comparatively quartzitic red sandstones, and at many places
oceurs at or near the crests of the ridges held up by the Tuscarora
sandstone3 it is finer grained, less quartzose and not typical in
exposures along Bald Eagle Mountain, The East Waterford graywacke
sandstone makes up the bulk of the Juniata formation at East Waterford
Narrows in Tuscarora Mountain, selected by Swartz (ms) to be the type
section of the Juniata formationy westward the upper portion of the East
Waterford sandstone becomes finer grained, with increasing proportions of
red siltstone and mudstone, and the portions in which sandstone is
distinctly subordinate are being termed Flummer Hollow from the hollow of
that name on the southwestern side of Tyrone Gap; the boundary between
the East Waterford and Plurmer Hollow members is gradational in these
areas and is not well defined.

Lost Run conglomerate (Swartz, ms.) O to 350 feetj named from
Iost Run at lost Creek Gap in Shade Mountaing is older than Oneida conglo-
merate of New York; where well developed it contains numerous subrounded
to subangular, not flattened pebbles of chlorite splotched vein quartz,
and of less abundant quartz-veinsd, in part glassy, chlorite-zons meta-
quartzites and some meta-argillites; of red, gray and green jJasper and
more rarely of grdy chert, the matrix grayish red to greenish gray
graywacke sand. The conglomerate disappears westward by gradation into
the Spring Mountain sandstone member of the Oswego or Bald Eagle sand-
stone, '

Oswego sandstone (Emmons, 1846) LOO to 650 feet, also knowm
as Bald Eagle sandstone (Grabau, 1909} from exposures at Tyrone Cap.
Tncludes Spring Mount sandstone member (Swartz, ms.) 200 to LSO feet
above, and Centernnial School sandstone and shale member (Swartz, ms.s
175 to 200 feet, below. The Spring Mount sandstone member forms the
crest of the southeasterly ridge of Bald Eagle Mountaing traced into more
sasterly ridges it becomes finely conglomeratic and grades laterally into
Iost Run conglomerate, with changes to reddish colors not coincident with
the inorease in size of pebbles. The Centennial Schocl sandstone and
shale is less resistant than the Spring Mount beds, and cccurs on the
valleyward slopes of the ridges crested by the latter member; where the
Spring Mount beds are transformed to Lest Run conglomerate, the underlying
Oswego sandstones are believed to correspond to the Centennial School ‘
member of Bald Eagle Mountain, although as is expectable there is
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reduction in proportion of the shaly interlayers. In exposures toward
Bedford County, the Spring Mountain member and in part the Centennial
School member tend to be transformed to red sandstones of East
Waterford type.

Reedsville shale. At top the Orthorhyncula stevensoni zone.
For further description of this formation and the older strata of the
region see the discussion concerning the Friday afternoon trip.
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Field Trip No. 2
" Saturday, May 28, 1955
8 A.Mse to 5130 P.M,

- Frank Me: Swartz

“ Petrology of the Reedsville, Oswego
and Juniata formations at Stop No. 1 by
Pe De Krynine

Departure: In buses at 8 A.M., Park Avemue northeast of Atherton Street,
behind Nittany Lion Inn.

Quadrangless Bellefonte, Tyrone, Huntingdon, Mv. Union, Centre Hall,
For trip route, see multilith copy of assembled topographic
sheets, near back of Guidebook.

Ttinerary
Miles

0.0 Turn right, to northwest on Atherton Street, Route 322, and
contime through State College to northwest.

Ou 3-0uky Stonehenge limestone, dipping about 8 degrees to southeast.
Beds of tlat pebble limestone conglomerates are Iumerouse

Oeb Cross tracks of Bellefonte Central Railroad.

Qe b=140 Rising or dip slope, with base of Stonehenge limestone near
foot of slope, Mines dolomite dipping gently southeast on
higher parts. Nodules of chert are sbundant in the soil from

. the Mines; many of cherts are oolitic, some are replacements
- of heads of Cryptozoas

. L.k Entering scrub forest area of the Barrens. Sandy soll from

- the Gatesburg dolomite and sandstone is acidic, low in
nutrients, and dries rapidly so that the lands are generally
not cultivated.

2eh Small quarry pit in residual Catesburg sand.

248 omall exposures of Gatesburg dolomite and sandstone; minor
folding could be seen before cuts were sodded.
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345 Gatesburg exposed on left at embankment of former overpass
- of railroad siding to Scotia iron ore pits, which were warked
for sometime in the last century by Andrew Carnegie.

3.6% Ledges of Gatesburg dolomite, 25 feet thick, are exposed
about 100 feet northeast of highway. The rock is arenaceous;
flat pebble conglomerates are common in lower part.

hels side road on left leads to Scotia ore pits.

hol%"u‘ 2

Lie3=l1e33 Warrior limestone, dipping 30 degrees to southeast in south-
eastern limb of main part of Nittany Valley arche There are
some small reefs of Cryptozoa.

o6 Cross Valley at approximate location of Birmingham faulte
Road to right at L.u4% miles leads near Waddle to exposures of
overturned Gatesburg of overthrust block.

lig 6=5e 6 Bellefonte dolomite beds are folded in underthrust block,

Se6 Cross roads. Valentine limestone can be seen in small, overgrown
prospect quarry to left and beyond the crossing.

5¢9=0.0 Reedsville shale in bank on right.

6e0=6.1 STOP NO. lA: 20 mimtes. Oswego or Bald Eagle sandstone, under=-
IZin by Reedsville shale and overlain by Juniata red beds. The
petrology of the Reedsville, Oswego and Juniata will be
discussed by P.D. Krymine.

The section as described by FeM. Swartz can be briefly sumarized
as follows, and will be used for comparisons with sections visited at
other stops.

Ordovician System
Juniata red beds
Horizon of Run Gap red guartzitic sandstone member: sandstone,

fine~grained, red, at summit of grade, not quartzitic as in more easterly
sections. : 100 feet

Flummer Hollow red mudrock member; mmdrock, silty, red, and
interbedded sandstone, red, poorly cementeds Now largely concealed.
These fine-textured strata pass laterally toward east into upper part
of type kast Waterford beds 375 feet
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East Waterford red sandstone menmber; sandstone and some inter-
bedded silty shale or mudrock, dominantly grayish red but in part green;
shale chips are mumerous on some bedding surfaces; other surfaces
variously show mudcracks and flow and slump markingse 550 feet

Thickness of Juniata about 1025 faet

Oswego or Bald kagle sandstone Spring Mount sandstone members
sandstone, greenish gray, thick bedded, forming backbone of southeasterly
ridge of Bald kagle Mountain. In parts of rock, fresh exposures show
abundant secondary pyritic, in minute stringers. Pebbles are very rare
if not absent. 220 feet

Centennial School sandstone and shale member; sandstone,
greenish gray, with interbeds of greenish silty shale. 110 feet

Apparent thickness of Oswego
or Bald Hagle sandstone. The
thickness small for area and
perhaps reduced by faulting 330 feet

Reedsville shale; concealed, including Orthorhyncula
stevensoni beds; thickness at date of measurement. 4O feet

Shale, dark gray, weathering greenish gray to tan, with some
-thin interlayers of siltstone and of fossiliferous limestone.
Concealed. _ : 40O feetb

Thickness of Heedsville to
base of exposure L0 feet

The Spring Mount member of the Oswego or Bald ragle sandstone
reflects the culmination of the Taconic orogeny, which is represented
in eastern Pennsylvania by the unconformity between the Martinsburg
shale and overlying Tuscarora-Shawangunk sandstones and conglomerates.
Marine faunas disappeared from the area -at the close of sedimentation
of the Reedsville Orthorhyncula zone and did not reappear until Clinton
time. The Spring Mount sandstone member coarsens easiward and becomes
Lost Bun conglomerate. Detritals from the Taconic uplands were brought -
in with diminishing sige, until cosarsened again by renewed uplifts that
produced the hm Gap and Tuscarora sandstones.,

Return to buses, and continue ‘to summit of ridge.

6ol STOP NO. 1BY Skytop on Bald magle Mountaine 1b minutess
Geomorphology of Allegheny Front; stratigraphy of Tuscarora
sandstone and structure at the exposure.




SI-k

The rocks of Nittany Valley and Bald kagle Mountain dip north-
westward beneath the strata of Bald sagle Valley and the Allegheny Front;
their horizons do not reappear until brought up to the west on the
flanks of the Cincinnati arch in Ohio and to the north in New York by the
rise toward the Canadian uplands. The Lower and Middle Devonian sediments
occur in bottom lands adjoining Bald Eagle Creek; the first foothills of
the Allegheny are formed by the basal Stone Creek member of the Brallier
shale; sandstone dnd conglomerate beds of the Chemung shale form higher
foothills; the main escarpment is crested by the Burgoon sandstone member
of the Pocono formatiomn.

The Lower Silurian Tuscarora quartzite is extensively exposed
along the highway near the mountain summit. Ledges on the southeastern
side of the highway near a motel are vertical, but elsewhere the beds
are overturned, dipping to the southeast at angles of 30 to 45 degreess
The exposed section can be summarized as follows:

Silurian System
Castanea sandstone

Greehish siltstone or very gine-grained sandstone, red at 15 to
22 feet and L6 to 51 feet above base; 15 feet of shale at base; Scolithus
tubes abundamt in some layers. 75 feet

Tuscarcra gquartzlite

Upper member: sandstone, quartzite, fine-grained, greenish to
tannish white, with 20 to 25 per cent or more of interbedded shale and
somewhat argillaceous siltstone. 105 feet

~ Middle member: sandstone, gquartzitic, medium-grained, grayilsh
to tannish white, in layers 3 foot to 3 fest, rarely 6 feet thick;
cross-bedding common; interlayers of greenish and red shale form possibly
3 to 5 per cent of rock; shale chips abundant on a few bedding surfaces;
Arthrophyecus excellent at 75 feet sbove bass. 160 feet

Lower member: sandstone, quartzite; exposed surfaces somewhat
vellowish; at top, 10 feet of arenaceous siltstone, the yellowlsh surface
contrasting with whiter color of overlying strata. Openings of Scolithus
tubes are prominent on several surfaces. Thickness exposed: 50 feet

Generally concealed, possibly 75 to 100 feet.

Thickness of Tuscarora possibly LOO feeb
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In spite of the shaly partings, notabls in the upper layers; the
quartzite beds themselves are high in silica and are extensively used
as ganister rock for manufacturs of silica brick. Iong weathering
near the mountain summii has increased purity, and analysis of 97 te
99 per cent silica have been reported elsewhere in the region.

The Tuscarora sands appear to have been depcsited in shallow but
widespresd waters where they became exsellently winnowed over most of
the area of sedimentation. Input of sediment wes not too rapid to per-
mit shifting and reshifting of the sands., Marine Shelly Faunas have
never been found, although occasional abundance of worms is indicated
by Scolithus tubes and Arthrophycus burrows, and eurypterid fragments
are found in some shale interlayers. Salinity of the waters of deposi-
tion apparently was low and faectors such as acidity and possibly
temperature were unfaveorable for deposition of lime mud with the sand.
Toward the east, the Tuscarora coarsens and tends to unite with sand-
stones and conglomerates that replace the Clinton Shales, forming over
the region a gravel-sand-clay-suberdinate limestone complex that like the
Oswego=Juniata complex reflect lowering of the scurce region after an
earlisr stage of greater erosicnal vigor., Eastward shift in the center
of sedimentation is shown by the accompanying isopachous-isolithic maps.

In the approach from the eastern side of the mountain, vertical

dips persist through the Oswego and Juniata beds into the first ex-

. posures of the Tuscarora at a motel near the sumit., It is possible
and even probable that the overturned parts of the Tuscarcra have been
tilted by creep during the long period the crest has stood above the
level of the Harrisburg Peneplain. Similar possibility of extensive
creep of resistant quartszite layers at the surmmit of ridge crests can
be found elsewhere along Bald Eagle and Dunning Mountains in Pennsylvania,
and at Weodstock Gap in Massanutien Mountain in Virginia.

Return to buses., Continue to southwest down slope of mountain,.

6.9 Castanea Sandstone
T60=701 Loose Rose Hill Shale, Coelospira
hemispherica, Zygobolba spp.
) 7.6 Bloomsburg red mudrock, deeply weathered.
- 9.0 Turn left on highway at foot of mountain.
FeT=%05 Road cutz in Harrell shals at base of Upper Devonian.
10,0=10.2 For next 8 miles, highway generally follows the north-
10,L4-10,5 westerly margin of the alluvial plain of Bald Eagle

Creek, closs to the line of foot hills formed by the
Casal Store Creek Sandstone member of the Brallier
shale., There are extensive cuts, mostly in the Harrell
shale, but extending at some places into the higher
Stone Cresgk beds, and elsewhers into the early Harrell
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Burkett black shale.

Ganister quarry of McFeely Brick Company
(Harbison-Walker) just below summit of Bald Eagle
Mountain on left, Exposes overturned Tuscarora
beds, steepened to about 60 degrees in deepest
part of quarry. The quarry faces are high, but
do not cut very far back from former surface of
mountain.

Enter Port Matilda. Cross the highway inter-
section at 11.9 miles.

12601243, 12.L=12.6, 12.8-13,0 Highway cuts, mostly in Harrell

13.6

1sob=2L.7
1L.9
17.2

21.0
237

243

25.9
26.1

26,9

shale,

To the left, Tuscarora ridge of Bald Eagle
Mountain is cut by gap at possible fault.

Harrell shale
Burkett black shale

Highway shifts toward middle of outer belt of
Hamilton shale.

Intersect highway to Phillipsburg. Continue
southwest toward Tyrone.

Highway overpass above tracks Pennsylvania

 Railroad.

Low foothill ridge to left of highway is formed
by Oriskany and Helderberg. Highway cuts through
this low ridge at 2L.9 miles. '

Knoll to right of highway provides favorable ex-
posures of Keyser and Tonoloway limestones.

Enter Tyrone. Plant of West Virginia Pulp and
Paper Company on right.

Turn left from Pemnsylvania Avenue onto Route 350
at 10th Avenue
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2740 to 272 Poor exposures of basal Tuscarora and upper Juniata
Run Gap red sandstone and Plummer Hollow red mudstone
memberse.

273 STOP Noe 2 (15 minutes)es Tyrone Gap separating Bald

Eagle Nountain from its souttwesterly continuatiopn
known as Brush Mowntain. The section exposed at the
gap is as followss:

- Tuscarora quartzites basal beds exposed along railroad on south=
western side of gap 50 feet.

Juniata red beds

Horizon of Run Gap red sandstone member: sandstone, dark red, a
few layers of quartzite, and some interlayered red shale, largely
copcealed. 125 feet.

Plummer Hollow red mudstone and sandstone memberj named from hollow
on southeast side of gap: mudstone, silty, dark red, and sandstope, red,
cross~bedded, weak. Lower two-thirds are copcealed. Thickness without
allowance for faultse 600 feeto

East Waterford red sandstone members sandstone. thick-bedded, dark red
there are sqme interbeds of greenish gray sandstone and subordinate interbeds
of red and some greenish silty shale. Shale chips are commone {ross-
lamination is common and generally is of foreset type with original slopes
comnonly varying from northwest to soutiweste. Ripple marks can be seen as
at 390 feet on traverse from top of member. In many beds, broken surfaces
have numerous limonitic speckse These specks are found to be derived from
discrete erystals of siderite or ankerite, that commonly enclose some grains
of sande The beds are overturned, dipping 65° to 75° southeast. The rocks
are cut by.a number of small faults that commonly dip about L5° to the
northwestt All appear to be normal famlts, increasing the apparent thickness
of the beds. There are a few small flexures agreeing with the faults in the
nature of the offset. The tectonic in*erpretation is simplified if it can
be supposed that these faults were formed as reverse faults at an early
stage of the folding, and were rotated to the present normal fault attitude
as folding continuede Ope fault is well shown at base of exposure opposite
side roade Possible thickness Lo feet.

Sandstone, with dark red and subordipate greenish coarse lamipae,
Scolithus tubes abundant in a bed near top and at some other levels.
250 feeb.
Thickness of Juniata red beds possibly about 1400 feet

(Thickness would be about 500 feet if structure were simple)
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Oswego or Bald Eagle sandstone(This is the type exposure of the
Bald Eagle conglomerate of Grabau, 1909)

Spring Mount sandstone member: sandstone or graywacke, thick-
bedded, resistant amd forming the subordinate crest of Bald Eagle and
Brush Mountains, in middle to upper beds there are a very few quarter-
ineh quartz pebblesj zones of shale chips, mostly 3 to L inches in
diameter, are commen and provide a very questionable justification for
Grabau's use of the termm conglomerate« Exposed along railroad tracks on
south side of creek. ‘ 205 feet

Centennial School sandstone and shale member? sandstone or graywacke
with sixteen l=foot to &~fooct and one 1l2~foot inpterbed of shale,
mostly ereen, the highest ope red. The red shale suggests thab the
Oswego interwtcngues toward Bedford County with lower beds of the

Juniata formatione. 175 feet
Thickness of Oswego
sandstone exposed ‘ 380 feet
BEstimated thickness found l
in 1eighboring sections 600 feet

Reedsville shale

Orthorhyncula stevensoni zone: siltstone calcareous, some
sandstone and shale, thin-bedded, dark gray, a few l-inch to 3=inch
interlayers of siltstone. L0 feet

Thickness of Reedsville exposed 425 - L65 feet

The East Waterford sandstone will be briefly examiped, to observe
its characteristics, to see the small normal faults, and te provide a
basis for comparison with the thimming at Stop Noe 3« Time will not
be taken to visit the Oswege sandstone along the railroad.

Return to buses on highway southeast of railroad underpass at 27«6 miles

2748 Turn right, cross creek on Rte 350.

28.0-28.3 Extensive quarries have been opened ij the Middle
Ordovician limestopes both north and scuth of the
highwaye

28.ali=29 43 Extensive exposures of Bellefonte and Nittany dolo-
mitese

2946 STOP Noe 3 Underthrust block of Birmipgham faulbt.

20 minutes.




Tuscarora samdstone, 200 feet, Junia'ba red beds, 600 feet, Oswego
sandstons, 200 feet, Reedsville shale, 50 feet, and ¥iddle Ordovician
limestone, 100 feet, are seen on and near the higlwsy on the northern side
of Little Juniata River, in the underthrust block of the Birmingham
faulte The fault surface on the south side of the river, overlaip by
Upper Cambriap Gatesburg dolomite, can be:seen from poipnts near the en-
trance to Greer School at 29.0 milese Intense shattering of Bald Eagle
beds is seen at the entrance to the side’ road leading to Birmipgham at
2907 miles, and the squeezed out Reedsville and shattered and recemen=-
ted Middle Ordovician limestones are showp on an abandoned strip of the
highway just to the east. The Tuscarora to Reedsville beds are faulted
out again before crossing the river. {See map and cross-gection prepared
from Butts, Tyrone quadrangle report) Presence of Tuscarora to Reedsville
beds in the underthrust block is one of the very surprising feabures of
the area, especially since the fault seems to die out in a few miles to the
southwest without further evidence of the seemingly major structure required
to place these rocks ip their observed locationse Alternative hypotheses
suggest (1) that the Tuscarora=-Reedsville beds occur in a faulted slice
of a buried deep symcline of the underthrust block, (2) that they were
dropped by a graben structure and subsequently involved in overthrusting.
The latter hypothesis demands a more oﬂmplex ‘tectonic h:l.storyo

Return to buses near entrance to Greer Schaola Continue Southeast
~ toward Water Street.

302=30e8 Large highway cuts ansd cliffs of Upper Cambrian
: Gatesburg clolt-e

31.1=32.0 Extensz.ve ezposures_ »,Nlt.tany and Bellefonte dolo-

: mitese Bubtts found no Axeman limestone between these
dolomites when he mapped the area. Cyclic sediments
are well develdped in the Bellefonte(Coffee Run)
dolomites at 31.95 milese - There are large

© quarries north and above the highway at 318 miles.

3240 Railroad underpass A

32.1=3246 North of hlghway are . large Pemberton—-Union Furnace
: quarries in Middle Ordmclan limestonese

32 29=3602 Fine views of area i‘rom altitude of aboub 1000 feete

One=half mile south of highway is nose of the
synclinal loop of Brush and Cance Mountainse The

Dswego sandstones make a prominent shoulder at alti-
tudes of about 1550 feeb, with the Tuscarora forming
the higher summit at.about 2200 feet. Ahead and to
the southeast is Tussey Mountain, with Short
Mountain lkmob extending for 2 miles between the gaps
of tne Litile Junista River and the Frankstown Branche
The Oswego sandstone forms shoulders along Tussey
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Mountain at altitudes of 1400 to 1500 feet, with the Tuscarora
crests rising to 1800 feeb to 2000 feebts The ganister quarries
on Short Mountain produce prominent white cliffs.

Side road to Spruce Crecgk on left.

Waterstreet intersections Turn right on Highway No. 22, (If
visibility is low or trip far behind schedule, turn left to
shorten trip to Huntingdon.) Water Street is located on Water
Street fault, downthrown on southeast side.

Follow Williamsburg Valley to the south with Cance Mountain to
west on right, Tussey Mountain to east on left. There are
nunerous exposures of Nittany and Bellefonte dolomites.

Yellow Springs intersection; turn left on road to Williamsburg.
At the intersection, an anticline exposing Gatesburg dolomite
along its axis is cut off on the north by the Yellow Springs
fault, Toward Williamsburg, the road crosses folded Gabtesburg

and overlying and wnderlying rocks.

Enter Williamsburg and turn left on road to Huntingdon.
Keep left on road toward Huntingdens

Larke dolomite, possibly equivalent to Stonehenge limestone of
Bellefonte area.

Bellefonte dolomite in highway cuts.

Bellefonte dolomite exposed north of creek.

Cross bridge over small stream; keep left at intersection.
Keep right on macadam road to Huntingdon.

Ascending Tussey Mountain; Reedsville shale in road cuts. -

Oswego sandstone in road cuts; on right below road at 51e2 is a
large quarry where Oswego is worked for ballast.

Juniata red beds, on southeastern side of synclinal loop in
Tussey Mountain,

Entrance on right to road to Loop Fire Tower.

Contact at Mountain summit between Run Gap red sandstone and
Tuscarora quartzites If the weather is good, there are bsautiful
views to west zecross the offset ridge of Tussey lMountain to
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Canoe Mountain and toward the northwest to Bald Eagle Mountain.
Northeast of Short Mountain knob of €ussey Mountain, Round Top
is formed on the flark of Tussey Mountain by a doubly pitching
anticline,

5345 STOP NQ. L: 10 minutes. Forest lane.cut for power line affords
2 Tine view toward northeast of valley region between Tussey and
Stone Mountains, carved aleng main area of Broad Top syncline
orium. Low Warrior Ridge is a cuesta formed by Oriskanian
Ridgeley sandstone where it dips gently toward the east in the
northwestern limb of the synclinorium. To the southeast, it is
possible from some places to see the tip of Terrace Mountain at
the axis of the synclinorium.

Return to buses. Continue down slope to southeasts

53.6-53.7 Castanea sandstone in gutter defines location of top of
Tuscarora quartzite.

5Le8 STOP NO. 53 20 mimites. Deeply weathered.Middle Silurian
shales and sandstones, dipping 28 degrees vo soubtheast on the
flank of anticline that offsets Tussey Mountain and continues
northeastward across neighboring Valley area. The section
exposed here is as follows!

Wills Creek shale

Calcareous shale and mudrock and impure limestone at 55.1
miles, containing Zygobeyrichia ventricornis. 50 feet

Thickness exposed basal Wills Creek
shale 50 feet

Bloomsburg red beds
Mudrock, calcareous, breaking to small hackly fragments: at

middle is Lucy School siltstone member, 20 fset, with median shaly ]
bedse S% feet

Thickness Bloomsburg red beds 50 feet
McKenzie shale and limestone

Upper shale and limestone member; Kloedenella gibberosa

fauna. 70 feet

Rabble Aun red bed member; shale and mudrock, red with
some greenish interlayers. 50 feet
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Lower limestone and shale member; thin-bedded aphanitic linme-
stone with mumerous shaly partings, largely concealeds Kloedenella
mitida, Velibeyrichia moodeyi, Whitfieldella marylandica and Schuchertella
elegans zones occur in this interval. 200 feet

Thickness of McKenzie shale
and limestone 320 feet

Rochester shale

Thin bedded shale, weathered tan=colored, in part with rose=
colored tints. Dalmanites limulurus, Drepanellina clarki fauna, with
Stropheodonta proutyi, Stegerhyncus neglecta. 30 feetb

Thickness Rochester shale exposed | 30 feet

Keefer sandstone

Séndstone, quartzose above, argillaceous below 20 feet

Thickness of Keefer sandstone 20 feet

Rose Hill shale

Shale, olive gray to tan and rose-coloredj contains
Mastigobolbina typus, Coelospira sulcata fauna. 100 feet

Exposed uppermost Rose
Hill shale 100 feet

The beds of this section are characterized by sharply defined faunal
zones, many of them based on ostracodes, that can be traced widely in the
middle Appalachian region; one of the exceptional zones is that of the
brachiopod Schuchertells elegans and ostracode Kloedenella cormuta, that has
been traced over an area of more than 10,000 square miles although the
containing beds are never more than 10 feet thicks

The Rochester and Rose Hill shales are deeply weathered at this
location, as compared to the same beds where exposed near the Iittle Juniata
River 6 miles to the nerth at altitudes of less than 750 feet. It is
posgible that such weathering mey be related to the Harrisburg peneplaination.

Return to buses and contiﬁue toward Huntingdon.




556

58,0

5849
5942595

59465947
59.8"&:1
€0

60+ 8

| 60. 8"'&).9

610 2"61. 6

6240-6242

6205"‘62. 8"
6340

6345

%=560. L%

‘Chemung shale. » C e

5I=16

Turn left at dead end stops Continue past road on left at
56.l miles. There are occasional exposures of Tonoloway
limestone in the road cuts, on the rise to Warrior Ridge.

Turn right on Highway 22 to Huntingdon. Continue down dip
slope with exposures of Oriskanian Ridgeley sandsionee.

Pass last exposures of Ridgeley sandstone.

Marcellus shale exposed in road cutse.
north across river,

Views of Huntingdon to

The Middle Devonian Bamilton shale 1s extensively exposed in
road side cuts, dipping gently toward the east in the western
limb of the Broad Top synclinorium,

STOP NO. 6: 15 minutes. Top of Middle Devonian Hamilton
{Mahantango) shale, and base of black shales of Upper
Devonian Harrell shales The Tully limestone has not been
recognized in this vicinity.

The rocks are maintaining their gentle southeasterly dip
in the northwestern limb of the Broad Top synclinorivms The
Hamilton beds contain members that are sufficiently sandy to
meke the hills above Huntingdon, but the upper Hamilton and .
Harrell are weathered out below the escarpment made by the
Stone Creek sandstone member at the base of the Brallier shale.

LUNCH: 30 minutes ,
Return to buses and contimue southeast toward Mt. Union.

Exposures of Harrell shale beyond Cities Service station ab
&.8'

Cross bridge over Juniata River and keep rlght toward Mt.
Union. Brallier shale extensively exposed in highway cuts to
61. 83 miles.

Cuts exposing upvermost Brallier and the basal part of the
SR

Side roads on lefte.

STOP NO. 7: 15 minutes to examine upper part of the Chemung
shale and relate the structure and geomorphology of the area,

The upper beds of the Chemung formation are interbedded greenish
gray and chocolate colored to reddish sandstones and shales; the reddish
beds are symptomatic of intergradation with equivalent parts of the Catw
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8kill to the easts. Fossils of the Cyrtospirifer disjunctus fauna can be
found in some layers.

Structurally, the axis of the Broad Top synclinorium is marked
- by the polnt of junction of Terrace Mowntein and Sideling Hill, formed
" where the Mississippian Burgoon sandstone is carried above the level of
erosion by the northward rise of the structural axis; at this point, the
- sunmit reaches an altitude of 1900 feet, with the mountain nose dropping
” abruptly in typical synclinal fashion to the river level 1300 feet benesth
it at 600 feet. High points on Allegrippis Ridge across the river from
- the stop are at altitudes of about 1200 feet; between Allegrippis Ridge
and Terrace Mountains are divides between intrenched meanders of the Rayse
town Branch that suggest development of a former flood plain at levels of
a little more than 900 feet., The marked asymmetry of the Broad Top
synelinorium is evidenced by the distance of less than 3 miles to Stone
and Jacks Mountains on the southeast as compared to more than 10 miles to
Tussey Mountain on the weste The summit of Jacks Mountain rises to more
than 2300 feet, whereas Stone Mountain in the northwestem linb of the
Kishacoquillas Valley anticline is weakened by faulting so that its summits
in the area of view are at levels of 1200 to 1500 feet., The high white
cliffs at the foot of the mountain are quarry faces in the Oriskanian
Ridgeley sandstone.

Return to buses and praceed toward Mt. Uniom,

- 6348=6568 Cross outcrop belt of Catskill red beds, with change to northe

west dipgbeyond axis of the synclinorium at 65,0 miles.s From
- 63,8 to 6L.5 miles the Catskill is fairly well exposed along

and on slopes szbove an abandoned section of the highways
farther on, exposures are poor but red soils are prominent
about to a side road at 5.8, The rapid steepening of dips
southeast of the synclinorial axis is shown in the ledges in
the cliffs south of the river,

664 1=6642 Upper Chemung in cut on north side of highway in outskirts of
Mill Creek dips 55 degrees northwest, with pronounced creep
to west at summit of cut,

66455=66,6% Beyond intersection in Mill Creek at 66,5 miles, highly fossile
- iferous Chemmg shale is exposed in cuts on left at 56.5 to
66,7 miles; the beds are subvertical with pronounced creep to
west at summit of cubs ’

664 7=67.2  Extensive exposures of the Devonian shales continue in cuts on
north side of highway from 66,7 to 67.2 miles, with the
strata generally overturned and dipping to southeast at angles
of around 70 degrees. The Stone Creek sandstones of the
Brallier are present but not prominent at 66,9 miles; the
Burket black shale is well shown at 67,0 miles; Hamiltenian
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Mzhantango shales are exposed at 67.1 to 67.2 miles,

6840 Entrance on right to Mapleton plant of the Fhiladelphia
Glass Sand Comparys

68.22-68.1 Hiph cliffs of Ridgeley sandstone. The rock is coarse-grained,
with poorly defined,. thick bedding. The highway cuis the rock
obliquely to the strike. The Ridgeley is a valuable source of
glass sand in this area; it is of interest that both at
Mapleton and at Berkeley Springs, West Virginia, the best
deposits are in areas where the dips are at high angles, rather
than in areas of low dips as in Warrior Ridge.

68,6 Basal Keyser and upper Tonoloway in road cut on righte.
Silicified stromatoporoides are abundant in the Keyser bedse

69,7 Entering axial region of Kishacoquillas Valley or Jacks
Mountain anticline. Tuscarora sandstone on left at 6%9.7.

7042 . STOP NO. B8: 20 minutes. Jacks Narrows: structure of Jacks
Mountain anticline of Xishacoquillas Valley anticlinorium.

The exceptional anbiclinal exposures in Jacks Narrows where the Juniata
River cuts through Jacks Mountain, have been known since the
time of the early reconnaissances made a century ago by H.Ds Rogers, top-
most Reedsville shale is exposed along the highway at the axis of the fold;
neighboring immer crests of the mountain are made by the Lost Run conglom-
erate and Oswego sandstone; the high ridge of Jacks Mountain is made by
Tuscarora sandstone, and is scarred by ganister workings.

The following section can be seen in the Narrows.
Tuscarora quartzite
Quartzite or quartzitic sandstone, partially exposed near ends of the

Narrows; thickness uncertain but pogsibly about 500 feet

Juniata red beds

Largely concealed under talus from Tnscarora quartzite; extensively
faulted beds of the EBast Waterford member are exposed in southeastern
limb of anticline with thickness of about 500 feet. Measwement from
Lost Run to Tuscarora beds in northwestern limb of anticline gives a

thickness of 900 feebt, but this is most likely reduced by faulting.
Judging from other sections in general region the thickness should be be-
tween 1200 and 1500 feeto
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Lost Run conglomerate

Conglomeratic sandstone and conglomerate, thick-bedded and resistant
and forming main ledges of imner ridges; these and next lower strata wwe
best seen on ganister company's trackway about 100 feet above highway,
where pebbles are numerocus, commonly measure % inch to 1 inch in diameter,
and consist of vein quartz, quartz veined quartzites and other
varietiess 200 feet

Oswego sandstone

Sandstone, greenish gray, with some interlayers of shale, 121 feet

Reedsville shale

Orthoryncula stevensoni zone: sandstone, medium-grained, gray to
greenish, medium-bedded to thick-bedded, with some interlayers of greenish
shale; O.5tevensoni profuse 80 to 99 feet above base. In coarseness of
sand and small proportion of shale, these strata are suggestive of the
Oswego sandstone; but they correspond to sandstones of this zone included
in Reedsville by original definition at Reedsville. 120 feet

Shale, greenish gray, thin-bedded, with numerous L inch to 10 inch
interlayers of comparatively quartzose siltstone or very fine-grained
calcareous sandstone, and some thin beds of fossiliferous limestone. Thick-
ness on trackway 50 feet, below trackway about 100 feet, total 150 feet

Thickness of exposed Reedsville
R e ,m~<b\\ formation ‘ 270 feet

The Reedsville shale at road level at the axis of the anticline is
gently flexed, forming small anticlinal and synclinal folds in which the
axial planes tend to have a fan-like disposition. The major fold is

- markedly asymmetrical, with vertical dips in the northwestern linmb; the

dips in the Tuscarora sandstone of the southern limb are gentle, not
steepening to more than 20 degrees. Some steeper dips occuwr leocally in
the Oswego-Lost Run-East Waterford beds where exposed along the highway
east of the axis, where there is much disturbance due to faulting. The
fault surfaces generally are coabted with chlorite.

An especially interesting feature is the flattening of dip at the
summit of the Lost Run ledges of the northwestern limb of the folde The
ledges rise almost vertically for 300 feet or more and then reduce dip
markedly in approach to the axis of the fold.

‘ Return to buses and continue toward Mt. Unione
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70+2=T1e0 Exposures of uppermost Reedsville, Oswego, Lost Run ang
- Bast Waterford beds, showing extensive faulting.

71.0-72.0 Mountain slopes covered with talus. Summit of Jacks Mountain
south of river forms a long dip slope.

7240721 Uppermost Tuscarora quartzite overlain in roadside knolls
by Castanea sandstonee

72.1%=72.6 Extensive exposures of Rose Hill shale. WNote river-worn
boulders at tops of road cuts.

72.7=72.8 McKenzie shale and limestone.

7248 Highway on right crosses bridge to Mt. Union.
7249 STOP NO. 9: 20 minutes. Upper Silurian section at Mte Union.

The Mt. Union section (Swartz, 193h) provides the most complete and
continuous exposures of Silurian sediments that can be found in central
Pennsylvania., Because of limited time, only the upper McKenzie, Bloomsburg,
Wills Creek and lower and Middle Tonoloway beds will be examineds The
section as a whole, however, can be summarized as follows.

Lower Devonian series
Helderberg group
New Scotland limestone, gray, cherty, containing Eospirifer

macropleurus fauna; seen with beds through upper Tonoloway near river east
of bend where Highway 22 turns northward toward Lewistown. 30 feet

Coeymans limestone, crystalline, crinoidal, containing Gvpidula
coeymanensis fauna. 10 feet

Silurian System
Cayugan series
Keyser limestone

Paintersville limestone merber, thinly laminated. ' 30 feet

Hollidaysburg limestone member, not laminated or lumpy. 25 feet
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Mt. Rock limestone member, thick-bedded, lumpy; Gypidula prognostica
fauna; Merista typa 63 to 58 feet. ';DO feet

Thickness Keyser limestone 155 feet

Tonoloway limestone

Upper limestone member, largely laminated; some oolitic chert 30 to
L0 feet below top. 120 feet

Dolomitic limestone member, laminated, tending to weather earthy;
basal 85 feet concealed across gully. 385 feet

Middle limestone member; contains obscure cycles begimming with
colitic fossilferou§llimestones vith sharp base, continuing above into
banded limestone, fdssiliferous in some instances, grading into dolemitic
limestones that dominantly are laminated, but contain some 3-foot to l=foot
interlayers of non-banded vugular dolomites. Hindella congregata,

Zygobeyrichia dorsocristata, _ L5 feet
Argillaceous limestone member, laminated, grading into
calcareous shala, 120 feei
Basal limestone member, forming lowest prominent limestone above
Bloomsburg. . 10 feet
Thickness Tonoloway limestone 780 feet

Wills Créek shale

Composed dominantly of cyclic successions of dolomitic limestone,

. weathering grayish brownish yellow and in part earthy, overlain by thin-bedded

calcareous shale that grades upward into mudrock weathering grayish yellow-
ish green; at some horizons the mudrock is grayish red or red-splotcheds
these are tongues giving evidence of eastward gradation into Bloomsburg .
red bedse L& fee

Bloomsburg red beds
Upper mudrock member, calcareous, breaking into small hackl fragmentsy

some greenish layers and splotches, and with greenish interbed:
near tope 40 feet

Lucey Furnace siltstone member, with 7 feet of green shale and red
rudrock at middle; l-inch calcarecus noduleées abundant 3 to 7 feetb
below tope 30 feet
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Lower mudrock member; near top are numerocus small silty sedimentary
dikes, some of them 3 or L feet in length, their upper limits sbout 2 to 3
fest below top of member. 38 feet

Thickness Bloomsburg 108 feet

- Niagaran series
- - McKenzie shale and limestone
Upper shale and limestone member, the limestone interlayers con-

taining Hom@despira marylandica, b@_gpr@yncus andrewsi, ostracodes of
Kloedenella gzibberosa zone, 70 fest

Rzbble Run red bed member 70 feel
Lower limestone and shale member, thin-bedded aphanitic l_mestonns
with thin partings of gray calcareous shale; several small bodies of .
flat-pebble limestone conglomerate. Faunas.of Klcedenella nitida,
Vellbeyrlchia moodeyi., Whltfleldella marylandica, Schuchertella elegans
zZones 220 feet

Thickness McXenzie shale ard
limestone : 360 feet

. Clinton group

Ro@hgster'shaga? Drepanellina clarki fauna LO feet

Keefer sandstone; calcareous, quartzose sandstone with crinoid plates,
some oolitic hematite in uppermost 6 inches, 3l feet, above, underlain by
argillaceous and arenaceous limestone and some shale and minor hematitic
limestone containing Schuchertella subplana fauna, below, L7 fest

Rose Hill shale, colored olive green and in part pale grayish red;
there are a few thin interlayers of impure limestone and rare l-inch or
- 2-inch interlayers of;quartzose siltstone; 1 foot below top is a 3-inch
layer of oolitic hematite. Contains zones of Mastigobolbina typus,
and other- characteristic ostracodes. 725 fest

Castanea sandstone, greenish gray fine-grained sandstones “and
silt stones and some shale, dark red 12 to 20, 32 to 33% and L0 to
L7 feet above base. Scolithus tubes common. 58 feet

Thickness Clinton group 870 fecet
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Alexandrian or Medinan series

Thuscarora quarbzite, upper 210 feet partly exposed; thickness

about : 500 feet
The cyclic sediments of the Wills Creek and Middle Tonoloway give a

suggestion of more or less rhythmic subsidence and clearing of the water,

followed by sedimentary upbuilding with reinflux of clay in the Wills

Creek, modification of water chemistry favorable for dolomite deposition

in the Tonoloway., During Tonoloway deposition subsidence improved inter-

change with sea waters,and faunas with marine affinities were able to

subsist for short periods. Salinity gradients lowered northward are sug-

gested by absence at Mt. Union of more abundant marine faunas found to

south, as at McDowell, Virginia, where there are thick crinoidal interbeds

in the middle Tonoloway.

In the Bloomsburg, the Lucey School siltstone member is a westward
tongue from the coarser and thicker Bloomsburg sandstone member of sections
along Blue Mountain, which in turn appears to intergrade in northwestern
New Jersey with much or all of the red Greenpond ccnglomerate. Persistence
of the triplicate sequence of the Lucey Furnace member over scme hundreds
and perhaps a thousand or more square miles, indicates deposition in a
body of water favoring extensive distribution of sediments, rather than
directly by rivers where lateral variation should be much more rapid.

" Return to buses at 73.2 miles, and continue toward Lewistown

The route from Mt. Union to Lewlstown follows a synclinorial valley
of folded Silurian and Devonian shales, limestones and sandstone. The
Juniata River flows through the more southeasterly part of the same
valley, except where it is close to the route near McVeytown. The flanking
ridges are formed by Tuscarora quartzite where brought up by neighboring
anticlines; Jacks Mountain is on the left or northwest, Blue Mountain on the
southwest. ’

73e2=7843 Follow strike of Toncloway Wills Creek beds, with occasional
exposures of limestone end some shales. There are fine views
of Jacks Mountain on left, and of a low hogback made by
Ridgeley sandstone on righte Road to Newton Hamilton on right
at 73.8 miles.

784 3=79.0 Highway curves to right cubtting through the hogback of the
Ridgeley sandstonee.

79.0=82,0 Highway follows a synclinal valley in Middle Devonian shales.
There are some views of Blue Mountain on right.
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82.0-82.6 Northsastward rise of parts of secondary folds of valley

‘ - brings Upper Silurian Keyser and Tonoloway limestones to
surface at roadside; Ridgeley sandstone continues to form
ridge along northwest side of highway throughout remainder
of route to Lewistoun.

8349 Enter McVeytown, with main road intersection at 8le3 miless

86e2 One of sand plants of Philadelphia Glass Sand Co. located along
railroad to right across Juniata River, is su.plied from
quarries in Ridgeley ridge to left of highway at 87.2 miles.
This sand does not appear to be of glass sand grade.

8945 Strodes Mills; road to Lockport on right; there are fairly
good Tonoloway exposures at this locality.

90.6-91.0 Roadside exposures of Keyser and Tonolowzy limestones. There
are fine views of Blue Mountain on right.

9hte3 City limits of Lewlstown. Viscose plant on right opposite
- 95-5 miles,
956 Take right fork onto Third Street, leaving Route 22.
9643 Turn left on Valley Street at dead end of Third Street.
0. T Turn right on Walnut Street at second traffic light. Go
one block and turn left on Logan Street at 96.8 miles.
96.9 ' Sandstone beds in Hamilton shale.

970 STOP NO. 10: 15 minutes. Mb. Rock section; Hamilton shale
- To top of Tonoloway limestone. This stop will be omitted
if trip is running late.

The exposed section is as follows.
Devonian System
Middle Devonian series
Hamilton shale; thin-bedded shales, with several interbeds of fine-
grained: to medium-grained graywacke sandstone that are 10 feet and more in

thickness, The shales are largely concealeds Thickness to highest
exposed beds L0O feet

Marcellus black shale; where vartially exposed in prospect quarry
south of road is comparatively blocky rather than fissile. Total thickness
probsbly more than 200 feet.
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Onondaga shale and limestone; concealed; a few loose pieces of
weathered argillacecus limestone and calcgreous shale were formerly
available. 125 feet

Lower Devonian series
Oriskanmy group
- Ridgeley sandstone; medium- to coarse-grained quartzos  sandstone,
moderately well cemented by silica overgrowths. Profuse iossils of the

Costispirifer arenosus, Rensselaeria ovoides fauna are represented by
well preserved molds in many layers. 25 feeb

Concealed; interval may include beds of both the Ridgeley and ,
Shriver formations. | Lo feet

Shriver siliceous limestone; calcareous, siliceous, perhaps sparingly
argillaceous rock; uppermost beds contain fine silt; carbonate seems
rarely to form as nmuch as 50 per cent of rock. Some of more chertv naris
of rock contain abundant sponge spicules; cullophane is present in small
amounts. A trilobite related to Synphoroides biardi of Gaspe occurs near
top; ostracodes and a fair number of brachiopods ocour in upper and middle
parts 11l feet

Helderberg group
Mandata shale, partly concealed. Lk feet

New Scotland limestone, aphanitic, cherty; Eospirifer macropleurus
fauna. 10 faet

Coeymans limestone, mostly crystalline, cerincidal, contains shundans
Gyoidula coeymanensis. 6 feet

Silurian System
Cayugan series
. Keyser limestone
Paintersville limestone member, laminated aphanitic limestone 35 feet
Hollidaysburg limestone member, fine to medium crystalline and some
aphanitic limestones, argillaceous in part; fossils include Rensselaerina

mutabilis, Uncinulus keyserensis, Howellella vanuxemi var., and near base
Merista typae 75 feet
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Mt. Rock limestone member; lumpy, argillaceous limestone; crystalline,
crinoidal limestone LB to 60 feet above basej basal L2 feet generally not
lumpy, but do not have laminated character of Tonoloway limestone. Chonetes

erseyensis fauna, with Stenocisma deckerensis, Gypidula prognostica,
Atrypa reticularis, Merista typa in upper half, Leperditia scalaris, .
7yzobeyrichia barrettli in lower 4O feet. 85 feet

Thickness of Keyser limestone 195 feet

Tonoloway limestone, laminated, aphanitic; thickness of uppermost
beds exposed behind buildings on south side of road. 25 feet

The Keyser and Helderberg limestones and faunas were described in
detail by JeBe Rees:i.de, Jro, in 1917'

Return to buses. Contimue to northwest returning to
Route 322; do not cross creek at bridge at 97.2 miles.

2745 Turn right on Route 322.

9940 Cross intersection in Burnham, and proceed northwestward
through Yeagertown on Highway 322, The intersection in
Burnham is located on the axis of one of several secondary
synclines that wrinkle the Silurian and Lower Devonian
sediments between Mt, Rock and Jacks Mountain. In Xisha-
coquillas Gap, ehead, note level swmmit of ridge formed
by Lost Run conglomerate at an altitude of 1150 feet, as
compared to altitudes of 1800 to 1900 feet for the main
mountain crests held up by Tuscarora quartzite.

101,0-101.1 Cross bridge over Kishacoquillas Creek in southeastern part
of Kishacoquillas Gape A road to right at north end of
bridge leads toward the Tuscarora-Clinton portion of the
Kishacoquillas Gap exposuress

101.3 Highest exposed East Waterford beds in gully northeast of
Toad.
10145 STOP NO» 1l: 20 mirmtes. Exposures of reddish Lost Run

conglsﬁefgﬁe, believed to represent principally the east-
ward extension of Spring Mount member of Oswego sandstons
at Stop 14; Oswegc sandstone representing primarily the coarsened extension
of the Centennial School member of Oswego at Stop 143 graywacke sandstone
of the Orthorhyncula stevensoni zone, and numerous siltstone interlayers of
upper Hesdsville beds, markedly increased in mumber and thickness as
compared to uppr Reedsville of Stop lA.
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The section at Kishacoquillas Gap, including Silurian rocks at esast
end of gap that will not be visited, can be summarized as followse
Silurian system
Niagran series
Clinton group

Rochester shale, thin-bedded, with some thin interlayers of medium
crystalline limestone; Drepanellina clarkei fauna. 35 feet

Keefer sandstone; medium-bedded, resistant. sandstone, with molds
of a few crinoid fragments, 20 feet, above, makes prominent ledge on bank
of creek, and is underlain by 35 feet of arenaceous shale and limestones
Total thickness 55 feet

Rose Hill shale, olive green and purplish, a few l-inch or 2-inch
layers of siltstone; fossils of Mastigobolbina modesta, M.lata,
Zyeobolba bimuralis and Z.decora zones have been collected at this

“ locality. 710 feet
Castanea sandstone, greenish to whitish, red 10 to 19 feet and
- 62 to 66 feet above base. 72 feet
Thickness of Clinton Group 872 feet

Alexandrian or Medinan series
Tuscarora quartzite, thickebedded, resistant; concealed beds 110 to
300 feet below top probably include a small proportien of
shaly interlayers. 00 feet
Ordovician System
Cincimnmatian series
Juniata red beds
Run Gap quartzitic sandstone member, thick-bedded, resistant; upper

115 feet brownish red; next lower 15 feet are gray, the whole somewhat
lighter colored than in other sections of area. 260 feet

Plumer Hollow red mudstone member; concealed, except for 55 feet atb
top that are transitional with Run Gep member., Thickness provisionally
assigned to member, on basis of better section on Long Mountaine 500 feet
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Fast Waterford red sandstone member, extensively cross-laminated;
lower 330 feet, with extensive limonitic speckling, are exposed on hille
side away from highway; total thickness if the overlying concealed interval
is not thickened by faulting is sbout 1000 feet; using other sections in
area a more probable thickness would be 800 feet

Thickness of Juniata, including
Rim Gap beds that alsc show marked
relation to Tuscarora formation: 1560 feset

Lost Run conglomerate; pebbles occurring in numerous zones
commonly reach maximm diameters of 1 to 2 inches, more rarely 3 or L
inches; they consist dominantly of chlorite splotched milky quartz, quartz-
veined metaquartzites from a chlorite zone of metamorphism as interpreted
by Watston (personal commmication), red jasper, rare gray or white chert.
Peculiar 2-inch concretionary structures occur at a number of horizons.
Matrix dominantly is reddish, but is gray in lowest 20 feet. 345 feet

Oswego sandstone, medium- to coarse-grained sbove; fine-grained with
some shaly interlayers below; limonitic speckling is -common. 255 feet
Reedsville shale (type)

Orthorhyncula zone: graywacke sandstone like Oswego sandstone

but fossiliferous. O.stevensoni; gastropods and pelecypods more common
near top; base poorly exposede 18 feet

Concealed. L2 feet

Shale, dark gray to greenish, with numerous interlayers of blocky fine-
grained sandstone or siltsione, decreasing in abundance below; the inter-
layers commonly % to 1 foot, more rarely 2 to 5 feet thick; there are also
interlayers of limestone, containing crinold fragments, bryozoa and other
fossils; some of the Yimestones occur as clastic concentrations grading
above into the fine sandstone or siltstone and then into shales 200 feeb

Shale, less well exposed (not measured)

Upper Reedsville beds
described 290 feet

The eastward coarsening of the Lost Run, Oswego and upper
Reedsville is in each instance symptomatic of derivation of detritals from
the easterly old land of Appalachia. The pebbles of the Lost Run are of
special interest in the sense that they show the fabric as well as mineral-
ogical composition of rocks of the source region.
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Kishacoquillas Gap lies within the area of maximum thickness of the
post-Martinsburg Ordovician rocks of the region, as is illustrated in the
isopachous map for the Bald Eagle (0swego)-Juniata sediments. Total thick-
ness is more than 2000 feet; in the L5 miles airline distance to Susque-
hanna Gap north of Harrisburg the thickness drops to 165 feet; this remaine
ing wedge then disappears within a few miles. The developing unconformity
also cubs into the Reedsville-Martinsburg, so that even at Harrisburg the
reduction of thickness between the Tuscarora and highest preserved Martins-
burg is at least a half-mile as compared Uo Kishacoquillas Gap. The
sedimentary record at Kishacoquillas Gap is in some ways a betier gulde to
the easterly events than are the structures of eastern Pennsylvania. The
development and upward coarsening of the Reedsville reflects the increasing
altitude of the easterly source lands and westward shift of the margin of
sedimentation. The continued coarsening of sediments into the Lost Run
conglomerate witnesses the rise of the source lands to maximum elevations
Subsequent erosion and lowering is reflected by the progressively finer
detritus of the East Waterford and Plummer Hollow beds. The Pun Gap sand-
stone represents renewal of easterly tectonic activity, and these rocks form
the beginning of sedimentation of the Tuscarora-Clinton depesits which are
united as a sedimentary complex by their common interfingering with the
Shawangunk conglomerate.

Within the basin of deposition, the margin of waters favorable to
marine life shifted to the west, so that after deposition of the Ortho-
rhyncula beds marine fossils are not found again until the Clinton sedi-
ments are reached.

Return to buses and continue toward State College, on Route 322,

102.0 Railroad crossing. FPnter Reedsville. Traffic light at
102.2 miles.
102, 3% Top Coburn limestone in drive on north side of highway.
102.4 Intersection, with road to Belleville on left. High cuts,
chiefly in Salona limestone.
10246 Tusseyville limestone, with Maclurites logani fauna, ostracodes.
103.0 Cross Tea Creek; Middle Ordovician limestones and Tea Creek

dolomite are duplicated by minor faulting in this area,

103.2 Road to left provides part of type exposures of Tea Creek and
Coffee Run dolomites of Bellefonte group.

10345-107.5 Rise to level of Valley Floor or Harrisburg peneplain, here
with levels of 800 to 900 feet, and cross remainder of Kisha-
coquillas Valley mosily at these levels except in Valley near
Milroy. There are fine views of Jacks Mountain flanking
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valley to southeast, Front Mountain to northwest. Pitching
synclinal and anticlinal folds offset Stone Mountain on wesbte
Toward northeast, there are fine views of synclinal Strong
Mountain and Thick Mountain. The high crests of all these
mountains are formed by Tuscarora sandstone and rise to levels -
of 1800 to as mmch es 2200 feet; shoulders and subordinate
ridges on the valley side of the Tuscarora-made crests mark

the position of the Lost Run conglomerate, and commonly have
altitudes of 1400 to 1600 feet or, along Strong and Thick
Mountains, 1600 to 1700 feet.

Pass three roads leading to Milroy.

Enter Gap in first ridge of the Seven Mountains area. There
are high, subvertical ledges of Lost Run conglomerates

Fast Waterford and Plummer Hollow beds, concealed below talus.

Characteristic Run Gap red quartzitic sandstone, in subvertical
ledges.

Tuscarora talus, in strike of main ridge of Front Mountain.
Castanea sandstone forms exposed ledges a hundred feet and
more above highway.

Basel Rose Hill and Castanea, crumpled and fauwlted in axis
of syncline between Front and Long Mountains.

Rise on dip slope of Long Mountain. Highway curves in a
horse shoe at 109,3«109.5. Spring at 110.,0

Castanea sandstone, green andyred, cut by numerous Scolithus
tubes; bedding surfaces clotted by worm castingse

Tuscarora quartzite; shaly interlayers abundant above middle;
ripple mark extensively developed in beds near base, that
are laminated parallel to general bedding, as compared to
higher, cross-laminated layers.

Run Gap red quarizitic sandstone.

Plummer Hollow red mudstone beds, with sandstone interlayers.
This is one of best exposures in region.

Enter Centre County at summit of grade.

Plummer Hollow beds near axis of syncline.




w

2.3
1120 6“1.12e 7

- 112,7-113.6

1137
114 0~11h.2
11h.5
1147

11L.7%
11503

11546

1.1.60 2“'1179 8

118,8-118,9

119.0-121.0

12042-12045

12ks by

SI-3L

Sand Mt. road on right.
Sand Mountain, crested by Lost Run conglomerates

Descend intc anticlinal Decker Valley, with exposures of
Reedsville shales

Gap in Triester Mountain with exposures of Lost Run
conglomerate,

East Waterford red sandstones, in cynclinal Triester Valley
between Triester and First Mountains.

Gap in First Mountain, with talus from East Waterford
and some from Lost Run beds.

Enter Perm Valley at Potters Mills. Turn left on Highway 3225
Route 53 on right goes to Pleasant Gap and Bellefonte.

Reedsville shale.

Coburn limestone, in crest of most southeasterly of the

three anticlines of the anbiclinorium of Penn Valley. The
crest of this anticline can be seen in small quarry on south-
east side of Route 53, + mile northwest of intersection at
Potters Mills.

Antes shale, showing flow cleavage where crumpled in sherp
syncline on northwest margin of the anticline previously
crossede.

Reedsville and Antes Gap shales. There are fine views through
this general area of the synclinal loop ending Tussey Mountain
on south, with anticlinal valley between Tussey and First
Mountain on south. To northwest across Pemn Valley is
synclinal Nittany Valley, the Oswego or Bald Eagle sandstone
forming crests at 1800 to 1900 feet, the higher axial back-
bone of Tuscarora sandstone rising to 2200 feet.

Type section of Tusseyville limestone at McClellan Chevrolet
sign.

Continuing fine views of Tussey and Nittany Mountains.

Exposures of Tea Creek dolomite showing characteristic weather-
ing features.

Cross intersection, with Boalsburg on left.
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12743
129.1
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Twenty-Eighth Division Memorial Shrine on right, Birthplace
of Memorial Day.

Enter State Colleges. Cross College Avenme at 12746

Nittany Lion Inn. End of tripe
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Field Conference of Pennsylvania Geologists

Twenty=First Anmual Meeting
May 29, 1955

8 :A.M.-Z Pc M.

Structure and Stratigraphy of Pennsylvanian
Sediments of the Plateau area near Philips-
burg and Clearfield, Pemnnsylvania

Re Po Nickelsen and B, G. Williams

Introduction

The Philipsburg-Clearfiecld area lies on the eastern border of
the Appalachian Plateau, a region of flat lying or gently dipping
Pennsylvanian sedimentse. This field trip has been planned to illustrate
the complex stratigraphy of a small interval of the Pennaylvanlan age. '
rocks as well as to present some preliminary data on joint orlenuaumﬁn-!
fault characteristics and the direction of dlp of cross-baddmng of =rmas,
stones of the area,.

Bituminous coal and fire clay are produced in the area from =
and deep mines. All good exposures are located in strip mines which
follow the outcrop of the essentially flat lying beds and expose 10 to hG
feet of shale and sandstone overburdene

General Stratigraphy - Pennsylvamian system in central Pennsylvania

The following stratigraphic divisions are recognized in the
Pennsylvanian system of Pennsylvania:

Thickness
Monongahela group (or formation)
Conemaugh group (or formation) 250!
Allegheny group (or formation) 2901
. Pottsville group (or formation) 180"

(Thiclknesses are average thicknesses
for Clearfield County according to
Sisler (1926) p. 15L)

n

IJ
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In the PhilipsburgeClearfisld area no measwrable sections of the
Pottsville group have been found and the Monongahela and Conemaugh groups
are erodede The field trip is primarily concerned with the stratigraphy
of the Allegheny group or “Lower Productive Coal Measures"s A classical
subdivision of this group into formations (or members) and recognizable
promimant. coals, sandstones or limestones is given below.

. Boundary at base of clay beneath

e

: Pottsﬁue e

Conemaugh o 27 Mahoning sandstone
y ———" Upper Freeport Coal (E)
eaTaTEC Upper Freepor* Limestone
Freeport (Fresh Water)
Formation )
_ Lower Freeport Goal (D)
or m Lower Freeport Limestone
H (Fresh Water)
Member
Jesm——— Upper Kittanning Coal {CV)
Kittanning
Formation , )
Middle Kittanming Coal (C)
pllegheny I————
¥ or ,
Group " i Kittanning Sandstone
’ . Member PR
or [ Lower Kittanning Coal (B)
Formation ‘ B coal
Clarion i
Vanport lLimestone (Nepe?)
Formation [ — = P - (marine) e
or NSRS Clarion Coal (A‘) (n.p.)
Menber Clarion sandstone
NeDPs * not 2k
known to be '
‘present in _ Brookville Coal (4)
this area w .. I _ V

—wceopoundary at Dase of clay
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Of the above prominent coals known in the type section of the Allegheny
" group along the Allegheny river, only the Clarion (A') coal is not thought
to be present in this area, However, correlations of all the coals with
the type section are open to question and the coal designated as Brook=
ville {A) in this area could well be sguivalent to the Clarion of the type .
area. Generally, the correlatiorsof Sisler (1926) and Ashley (19L0) have
followede Emphasis in the early phases of this work has been upon
describing what is present in this area, using their designations. After
lateral and vertical variations are thoroughly understood in central
Penrsvlvania, correlation to the type arsa will be attempted. Similarity
in sequence and number of prominent econcmically important coals indicates
approximate equivalence with tyoe sections further west in Pennsylvania.
Complex splitting and interfingering over local areas must be understood
before exact equivalence can be proven.

Pennsylvanian Cycle ~ General

Oyclic repitition of Pemnsylvanian sediments was first recognized
in the Peoria, Illinois area by Udden (1912). Udden grouped the Pennsyle
vanian rocks of this area into cycles of deposition using the base of the
coal as the plane of separation of the cycles, Weller (1930) introduced
the term cyclothem for such deposits in I1llinols and established the fol-
lowing ideal cyclothem of 10 members, placing the base of the cyclothen at
the base of the sandstone.

10. shale, gray, sandy at topj contains marine fossils and
ironstone conoretions -

9, limestone with marine fossils
8. shale, black, hard, laminated. Most common roof rock

of the coals Contains marine fossils; rich in organic
matters

T« limestone with marine fossilsj commonly absent.

6. shale, gray; pyritic nodules and ironstone concretions
common &t basey plant fossils and marine fossils rare.
An uncommon members

5. coal

L. underclay; medium to light gray, dark gray at top

3. limestone, argillaceous; commonly as nodules or discontinw
uous beds. Interpreted as fresh water limestone; commonly
absent,

2. shale, gray and sandy

1. sandstone, (finee-grained, micaceous) commonly with an un-
even lower gurface.
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Cyclic deposits similar to the type Illinois cyclothem but lacking
gome of its members and showing expanded development of certain other
marine or terrestrial members have been recognized throughout the Appalachiane
Central Interior Region of the United States (Wanless and Shepard, (1936);
Wanless, (1947)» Wanless and Shepard (1936) have classified the cycles of
the Pennsylvanian into piedmont, deltaic and neritic types based upon the
relative nredominance of marine or terrestrial members.

Cycles in the Philipsburg-Clearfield area

Sedimentary cycles similar to those reported in the literature
have been recognized in the Pennsylvanian system of this area, An ideal
complete cycle in the Allegheny formaticn of central Pennsylvanmia consists
of the following eight rock types which are discussed in their usual
sequence from top to bottom:

8. Clay - may be silty; light olive gray to light gray;
plastic when wet or hard flint clay; contains
slickensides and root impressions.

7. Limestone - argillaceous, aphanitic; may contain
patches of sparry calcite 1-5 mm. in diameters
Dark gray to olive gray when fresh; weathers to
yellowish gray; conchoidal fracture; commonly
occurs as nodules within clay, Contains ostra-
codes and gastropods in some placess Generally
thought to be gresh-water limestone.

6. Mudstone - If predominantly clay = claystone,
If predominantly silt = siltstone, sandy mmd-
stones also occur; light brownish gray to medium
gray; structureless - do not break in parallel
plates, OCommonly are laminated in lower part
and grade downward into sandstone or laminated
silty and sandy shale. Commonly contain root
impressions,

yyy —a

platy or flaggy fragments; commonly cross-bedded
o and containing fragments of tree trunks now con-
N verted to coaly partings. These sandstones are
low rank or sub-graywackes containing szbundant
mica, rock fragments and clay matrixe Sorting
is poor and particles angular,
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i, Shale - laminated silt and very fine sandy; light gray
‘ laminations are fine sand to silt; medium gray to
medium dark gray laminations are silt to silty
shale; laminations 1 to 2 mm. Bresaks into flat
pieces L4=10 mm, thick; small scale cross-bedding
and ripple marks common; plant fragments fairly
abundant.

3. Shale - silty to clay; medium dark gray to grayish blacks
laminations 2=l mm. and indistinct or not present;
commonly breaks into flat pileces 1 to L mme thiecks
pieces may also be subconchoidal or hackly, having
roughly equidimensional or subrectangular shapes
may contain ironstone concretions or beds up to
25%. May contain marine or brackish marine
brachiopods, fresh-water mollusks, marine meclluscs
and assorted plant fragments.

2. Shale - clay to silty; carbonaceous; black to gray blacks
papery fracture in plates 1 mm. thick; plant
impressions and coaly partings commone

l, Coal

Cross=bedding

The direction of cross~bedding in sandstones of the Philips-
burg-Houtzdale syncline has been measured and plotted on the rose diagram
appearing on the following page. Where possible observations on two
cross-beds within each set of cross beds present at the exposure were
recorded. Number of sels of cross-beds varied from 1 to 6, Observations
from the following sandstones are included in the rose diagrams

a) Clarion sandstone above the Brookville coal ("4).

b) Kittanning sandstons above the Lower Kittanning coal ("B"),

¢) A local sandstone between the Lower Kittanning "B and
WB-1" coals.

d) A local sandstone above the Middle Kittamning BCM coale

e) Mahoning sandstone above the Upper Freeport "EM coal,

Cross-<beds in these sandstones dip dominantly west indicating
sediment transport in this direction. This is in accord with classical
ideas regarding origin of Pennsylvanian sediments from the east or southeast.
Aetually, the data has little significance wntil work is completed over a
larger area and the individual sets of readimgs are plotted in their map
locatione Mapping and ccrrelation of sandstone bodies must be completed

before this can be done.
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Space does not permit the publication of separate rose diagrams for
each of the sandstone bodies from which readings were taken. In preliminary
plots, dip directions sesm to vary around differeav means for each of the
sandstones. In the Mahoning sandstone over an area of several square riles
all dips are in the northeast and northwest quadrants. Dips in the Kittanning
sandstone likewise are predominantly northward with a concentration in the
northwest quadrant. In the local sandstone above the "CU cozl all dips are
concentrated in the northwest and southwest quadrant. It is hoped that as
work progresses such data will prove useful in showing trends of individual
sandstone bodies and suggesting directions of sediment itransport. When
completed over a large area and coupled with petrographic data on the sandstones
it may be helpful in suggesting source of sediments.

Rose diagram showing cross-bed dip directions
in sandstones of the Philipsburg-Houtsdale
syncline (198 observations)




Symbols Used Throughout Text and Figures

Rock Symbols

— Limestone

clay

clgzstone or
giltstons

sandy mudstone

cross~bedded
sandstone

conglomeratic

,shaly_ sandstone

shale, laminated very fine sandy and siliy

shale, silt

shale, clay to silty, dark to medimm gray

shéle, black carboné.csous clay

coal
- \ Fossil Symbols
= W 9T —  Plant impressions
9 9f —  Lingula -brackish- marine?
@ op — Fresh-water pelecypods, Naladites?
B o M — Marine - brackish water pelecypods
- Aviculopecten?

9g —— Maripe brachiopods
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General Structure of the Philipsburg-Clearfield Area

The field trip will cross three major structures in the gently warped
sediments of the Appalachian Plateau.

Coal producing area lying on a northeast-southwest trend passing through
Philipsburg and Houtzdale are located in the Philipsburg-Houtzdale syncline or
"Philipsburg basin®, Here coals of the Allegheny group, and, in one known case,
the lowermost Conemaugh are mined. The Laurel Hill anticline, passing northeast-
southwest through Bigler, Pemnsylvania, borders the Philipsburg-~Houtzdale
syncline on the northwest and brings the Pottsville group to the surface
although lower Allegheny coals and clays are mined and stripped extensively on
its axis. The third major structure of the region is the Clearfield syncline
which is deepest along an axis trending northeast through Clearfield,
Pennsylvania. Along the Susquehanna River near Clearfield, all the Allegheny
coals except the Brookville (A) coal are stripped or mined. South of the river
where relief is less only the upper Allegheny coals are worked and remmants of
the lower Conemaugh are presents Location of anticlinal and synclinal axes is
taken from Ingham (1951) and Fettke and Fairall (1953).

Joints

The strike of the jolnts present in the rocks of the Appalachian Plateau
in the Houtzdale~-Phillipsburg area is concentrated in several maxima as indicated
in the figure on the next page. a composite rose diagram of joint strike
ocrientations of 295 joints. At all localities where jointing was well-developed
5 observations were taken on each joint set and the results plotted on the
composite rose diagrams representing the whole area of worke At some localities
5 observations could not be made on certain joint sets, due to their poor
development, and as many joints as possible were measured. Since all joints in
the area are vertical or nearly vertical, dip was noi recorded in order to speed
up field observation.

Composite rose diagrams of joinbts in the area bear out the general
impression of joint orientation gained from several oubcrops where 211 sets are
present. The following L joint sets are recognized orn the basis of this
preliminary datas

a) a set striking between N30W and NLSW
b) a set striking between NLSE and NSOB
e} a set striking between NLOW and N2OW
d) a set striking between N60E and N1OOE (N8OW)

Joints are present in the coal and in the shales and sandstones overlying
the coals Joints in coal are commonly called cleat.

Some of the joint sets possess characteristics which serve to distinguish
them before their orientation is measured, The most common and best developed
joint is the "a" set, striking between N30W and NiSW. This set is characterized
by smooth, almost perfectly planar surfaces which rarely vary more than 5
degrees in strike wilthin any one optcrop. The "b" joint seb, striking between
MSE and N6CE, is characterized by highly irregular sub-conchoidal fractures
which vary considerably in both dip and strike within one outcrop. The joint
surface 1s much rougher than that of the accompanying "a® sets The "e® and Wq"
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sets*are-present only in the cdal,and dip uniformly at angles close to $0°,
but vary greatly in strikee. - .

Rose diagram qhowiné strike orientation of joints and faults
: "~ in the Philipsburg-Houtzdale synclinee.

L - left-handed faults §§ R - right-handed faults k&{
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A further breakdawn of the maximum orientations based upon rock type is-
shown in the. accompanying figures. Here it is apparent that joint maxima “a"

'!80

" Joint strike orientations‘in coal of the . -
© . .. Philipsburg-Houtzdale synclines

and " are well-developed in the shales and sandstones above the coal while

" maxima "a%, "c" and "d" are present in the coals. To summarize the orientation
of the ma:d.ma, the. pattern may be thought of as consisting of 2 conjugate

- joint systems, each composed of 2 sets of joints meeting at angles of 80 or 90
degrees. Tle system comprising the "a" and "b" joint sets is largely
restricted to the shales and sandstones above the coal but the well-developed
/Mah set also appears in the coal, commonly only in the upper part of the bed.
The system composed of sets "c® and "d" is restricted.to the coals and rotated -
25 or 30 degrees in a clockwise direction from the "a" - Wb" gysteme. Inters
pretation of possible tectonic significance of these joint patterns will have
to awalt more widespread regional orientation studies anmd a2 more rigorous
statistical treatment of the significance of maximm orlentat:.ons :Lndlcated ‘
by this preliminary data.
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Joint strike orientations in shales and sandstones
of the
Philipsburg-Houtzdale syncline.

The following relationships with Joint sets in the fohded Valley and
Ridge province to the Southesst have been observeds. The M"a" get of the
Appalachian plateau is similar in orientation and character of the joint
surface to the cross cr dip joints present in the folded rocks of the
Valley and Ridges The "BY set is similar in orientation and character of
breaking to the strike or longitudinal joints in the western part of the
Valley and Ridge. Insufficient work has been dome on Jjoint sets in the -
Valley and Ridge to know whether there are counterparts of the e and Maw:

~Joint sets in some of the rocks of that area.
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Faults

Faults observed so far in the Philipsburg-Houtzdale=-Clearfield area
are essentially vertical and have large strike slip components of movemertt,
dshley (1928, p. 73) reports similar faults from the Houtzdale areas The first
figure of this section shows the strike orientation of 20 faultse :

" Most faults show some dip slip displacement of coal beds or other
strata when viewed in cross section. Inspection of the fault plane may reveal
slickensides, rarely plunging more than 10 or 15 degrees, which indicate the
probable direction of net slip along the fault. Where slickensides are clear
and uniformly developed and direction of relative dip slip can be seen in
an intersected bed it is possible to classify the fault as having right-handed
(dextral) or left-handed (sinistral) strike slip movement. Lefbt-handed faults
in the figure strike between N20W and NLOW while rightehanded faults striks
between N52W and NE5W.

Right-handed and left-handed strike slip movement along faults oriented
as shown in the figure will result in shortening in a northwestesoutheast dir-
ection and lengthening in a northeastesouthwest direction. Considerable
distortion may have resulted from small movements aloeng a large number of faults,
Unfortwately, no quantitative estimate of the number of these faults can be
made. Faulting and the warping of beds into broad anticlines and synclines
is the only known expression in the Appalachian Plateau of the stress that
sharply folded the adjacent Valley and Ridge province.

E.M. Anderson (1951) analyzed fault pabterns in Great Britain and
concluded that sets of high-angle strike slip faults result when the rsgional
least and principal stress axes are horizontal and the imtermediate stress
axis is vertical. The principal stress axis bisects the acute snole between
sets of right-handed and left-handed high angle strike slip faulitse .

The same analysis can be applied to the preliminary data from this
region. As might be expected from the nrientation of fold axes in the adjacent
Valley and Ridge, the principal stress axis strikes northwest (approximately
N5OW) bisecting the acute angle between the left-handed and right-handed
faultse The least stress axis strikes northeast and the intsrmediate stress
axls is vertical. More data on the orientation of both faults and joints must
be collected before the plan of deformation in the region will bs completely
understoods The foregoing is included as an illustration of the typss of minor
structures available for investigation in a region of only slight daformation,
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Trip #3
Sunday, May 29, 1955

Departure: &:00 A.M., by bus and private car from parking area #11
near termnis courts southeast of Nittanmy Lion Inn.

Itinerary

Miles »

0.0 Go west on Route 322 past Nittany Lion Inn.

5.8 Ascending Bald Eagle Mountain, wasternmost ridge in the Valley
and Ridge Provincs. Reedsville Shale (M. - U., Ordovician),
Oswego Sandstone (U. Ordovician) and red and green Juniata shale
and sandstone (U. Ordovician) in road cuts on right of road.

63 Summit of Bald Eagle Mountain. View of Allegheny Front to the
west. Tuscarora quartzite (L. Silurian) in roadcut on left.

8.7 Stop sign.. Junctlon of Route 322 and 220. Continus on Route 322.

10.1-10.4 Large road cuts of Brallier shale (Upper Devenian) on right.
Bedding dips L0-60 degrees northwest. Note two prominent joint
sets in this outcrop. Dip joints are vertical and form smooth
surfaces striking perpendicular to road; strike joints are
perpendicular to bedding and are irregular surfaces on the face
of the outcrop parallel to the road. These jolnts are character-
istic of the folded rocks of the Valley and Ridge province and
have counterparts in the essentially flat lying rocks of the
Appalachian plateau.

1100 En‘bering Port Matilda.
11.5 Turn right on Route 322 in center of Port Matilda.
11.8 Leaving Port Matilda. View toward Allegheny Front.

ieh~1ka7 Red sandstone and shale of the Catslill formation (U. Devenian)
in road cuts on right. :

15,9 Roadeut exposing Pocono sandstone (Mississippian) on right.
16.5 - Summlt of Appalachian Plateau. High tension power line to

right of road. Approximate Pocono sandstone - Pottaville
sandstone and conglomerate contact.
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21,9 ; STOP 1: Park off the pavement along right side of Route 322,
facing west. Walk 100 feet north along dirt road ent-+ing
Route 322 to see exposure of the Brookville Coal ("AM coal)
and overburden In a strip mine.

Section of A Coal and Overburden

Clarion sandstone

Medium gr. sandstone (lt. clive-
gray 5 y 5/2) - yellowish gray
(5 ¥y 7/2)

Shale, silt (olive-gray, 5 Y h/1)

Ro -

Shale, clay (m.d. gray N L) splits
5-15 mm. w/irregular fracture

~ " ShaTe, silty to clayey (m.d. gray
N4 to de gray N 3) splits 1-10 mm.,
oL  subconchoidal fracture

M o+ :
} {?n%%rlaminated coal & blk. carb. clay
sh. Tam, 1-2 mm., "Bone coal"
Coal, Brookville A"

Clay, plastic when wet, li., gray
(5 Y 6/1)

Very poorly preserved faunal remains have been collected in the
shales within 3 feet above the coal. At 3 feet above the coal Lingula sp.?,
indicating brackish-water environment, is present and below this point
fragments of possibly marine or brackish water pelecypods and brachicpods (?)
have been found.
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STOP | — SKETCH OF 'CHANNEL IN BROOKVILLE COAL STRIP MINE HOR. & VERT SCALE — AZIMUTH 384°—me-—m>

~  COVERED




Stop 1 (contimued) - 5d=15

See "Sketch of Channel in Brookville Coal Strip Mine" for illustration

of sandstone-shaly overburden relationships which may be observed heres
Section h of the Fence Diagram was measured at the north end of this

stip mine. On the Fence Diagram you will note that this locality is

near the northeast side of a large body of sandstone (the Clarion sand-
stone?) which occurs above the Brookville ("A") coal from here to a

point near Houtzdale, 10.5 miles to the southwest. At all sections within
this area, the sandstone disconformably overlies the shale and coals
Sonthwest of section 12 on the Fence Diagram no channel sandstone is
present in this position. Northeast of this stop the sandstone is not
present or is less than 10 feet thick in the few sections that have been
visiteds Insufficient work has been done on the northwest side of the
Philipsburg basin to delimit the trend of this sand body. Direction of
cross-bedding dip measurements indicates a general westerly trend of sedi-
ment transport with some concentration of dip directions between N 50 W
and N 80 W (see below).

-
o

oLl
4

O
O~
g

Rose diagram showing cross bedding dip directions
in Clarion sandstone (?) in Philipsburg basin
(52 observationg) ‘
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22.7 Turn right on dirt road leaving Route 322 just beyond Motel.
Dirt road marked by sign "House Coall, "B" seam.

2249 STOP 2z Park on dirt road and walk into strip mine exposing
.. Dower Kittanning ("B") coal and overburden.

- The section below was measured at the far end of the Strip Mine

Feet

Kittanning sandstone
Medimm grained sandstonej light olive gray (5Y 5/2)
Cross-bedded :

Shale, laminated, silty and very fine sandy
Taminations '—1- - F - Ile :

Shale, silty, dark gray(Ni)j laminated 2-i mm.
ITrenstone beds 10=25¢ , 4~8 mm. thick.

Shale, clayj dark gray (Wi); fissilej splits
%= Lmm. in flat pieces.

- "Bone coal"

‘Coal, Lower Kittanning "B-1%

.Clay, plasticj light gray (N6} to very light
gray (N8)3 root impressions

Coaly; Lower Kittanning "B"

Claystone, silty, dark gray

- A sandstone channel similar to that at Stop 1 is exposed here.
This sandstone is the Kittanning sandstone, a prominent sand body in
many areas in west centrel Pennsylvania. As shown on the Fence Diagram
it is present only in the northeastern part of the Philipsburg basin,
north of this stop. Work has not vrogressed far enough northward and
westward to delimit the boundaries or trend of this sandstoms. Seceiion
L on the Fence Diagram which is a composite of what is seen at Stops L
and 2 shows that these stops are on the northeast margin of the Clarion
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sand and the southwest margin of the Kittanning sand.

Compaction in areas of thick accumilation of the Clarion sand-
stone was probably not as great as in areas where the overburden of
the Brookville coal was largely shale. It is suggested that the thick
Clarion sand had an effect upon the position of deposition of the
Kittenning sandstone, forcing the delta distributary or river which
channeled the shales and deposited the Kittanning sandstone into & more
northeasterly position. The horizon of this sandstone in the complete,
unchanneled, sections of the Lower Kittanning coals and rider coals to
the southwest is not known.

The "B" coal at this stop is split into 2 "benches! separated
by a 2% foot clay bed. The regional significance of this split will be
pointed out during the rest of the trip. As an introduction, a glance
at the Fence Diagram will show that the interval between the two "BY
coal benches varies from O to over 20' when traced throughout the
Philipsburg basin. Generally, on the eastern side of the basin the
benches are close together and separated only by a few inches of claye.
Westward the int~rval increases and is either occupied by a thick,
economically important clay or a complete cycle of sedimentation, com-
prising shale, sandstone and clay or mudstone.

ponation of brackish marine and fresh water fossils 1s well
developed at this stop. As shown in the section Lingula sp? is
restricted to a zone extending approximately from 6" to 25t above the
coal. Fresh water molluscs are found from 2%' to 4 or 5 ' above the
coal.

Two joint sets are developed at the far end »f the strip in
both the coal and shale. Smooth regular breaks oriented parallel to
the strip are the ®"a" joint set corresponding in orientetion and
character to dip or cross joints of the Valley and Ridge. Irregular
breaks perpendicular to these are the bV set, similar to the strike
joints of the Valley and Ridge.

23.6 Turn left on paved highway at Stop Sign on route 50k«

21-5 Junction with route 322. Straight ahead on route 322. Entering
Philipsburg.

251 Tpraffic Light. Turn right following route 322.

2543 Red blinker light. Turn left follewing route 322.

2545 Traffic Light. Turn right following route 322¢

26.1  Turn left cblique on paved road leaving route 322. Strip minpe
In Upper ming coal to left of intersections

2647 Strip mines in Middle and Upper Kittamning and Lower and Upper
Freeport coals on hill to left of roads

- 81gp- 38 Park along paved road facing west or drive short
'dlstanceein op.dirt road entering from the souths Walk into
strip mine exposing section of Lower Kittanning coalse

27«5




D — Lower Freeport Coal

C'— Upper Kittanning Coal
C — Middle Kittanning Coal
B— Lower Kittanning Coal

FENCE DIAGRAM OF PART OF THE PHILIPSBURG —HOUTZDALE SYNCLINE
A— Brookville Coal
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275 STOP 3: Park along paved road facing west or drive short
distance in on dirt road entering from the south. Walk into
strip mine exposing section of Lower Kittanning coals.

The base of the attached section is in the Lower ¥ittanning
strip mines The remainder of the section was measured eastward to the
top of the hill where the Lower Freeport "D" coal is exposed. This is one
of the most complete accessible sections in the Allegheny formation of the
Philipsburg-Houtzdale syncline. The stop was chosen to illustrate rock
bodies, and the cyclic character of the sediments and to demonstrate
lateral veriation in the Lower Kittamming "B"-"B-1" coal interval.

Discusgion of Section

The "BY and "B-1" coals are here separated by an interval of
9 feet of silty clay and mudstone. These coals are equivalent to the two
benches of the Lower Kittanning coal seen at Stop 2. EBEquivalence has been
established by mapping and lateral tracing of key zones. The "B-2" and "B-
3" coals seen in the high well of this strip mine were not present at
Stop 2 owing to non-deposition or channeling associated with the Kittenning
sandstone,

The stop affords an opportunity to observe the cyclic repetition
of rock types discussed in the INTRODUCTION. Seven cycles or parts of
cycles are exposed in this section. Proceeding up section every coal except
the "B" cozl is seen to be overlain by fissile, dark gray clay to silty
shales, followed by laminated silty and very fine sandy shales containing
abundant fragments of plants. Sandstone is not present above the laminated
shales at all points in every cycle but in most cycles may be found in this
position by walking along the strip mine. The contact with the laminated
shales varies from conformable to disconformable. Above the sandstone or
laminated shale, mudstone is present in most places and is commonly
penetrated by root impressions. If clay is present in the cycle it occurs
above the mudstone. Fresh-water limestone, such as occurs in this section
beneath the "D" coal, may be present within the clay.

This stop and succeeding ones illustrate that thick sandstone
bodies with disconformable lower contacts such as seen at Stops 1 and 2
are the exception rather than the rule in the Allegheny formation of this
part of Pennsylvania. Volumetrically, they occcupy only & small part of
the total sequence although they are prominent in certain cycles in certain
areas (See Fence Diagram).
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Stratigraphic Section at Stop 3

Feet
150

Coal, Lower Freeport "D"

Clay, Plasticj 1lte gray (N7)
o0 Limestone, argillaceous me olive gray (5Y 5/1); weathers

140 gray
Carbonaceous clay and "bory coal"

Clay, silty; lt. olive gray (SY 6/1)
- Mudstone, sandy and silty

130 Sandstone, fine-grained, shaly; Laminations 5«10 mme

Shale, clay to silty; dke gray (N3)

120 Sandstone, f:l.ne-grained

Shale, Laminated V.F. sandy axd silty; Laminated 1~2mme
me dke gray N4 to 1lt. gray (N7)

Shale, Siltys grayish blke (N2)3 fissile

!

Coal, Upper Kitta.nni '

' Covered Interval between 2nd and 3rd strip mine

Sandstone s Fine gr.,micaceous; platy-cplits 515 mme

Shale ])'..a.minated V.F. sandy and silty;lt. olive gray
2

Shale, Laminated V.F. Sandy and silty; Laminated « lmme
root impressions

2 Sandstone, fine grained: root impressions at top

2 [=——1 Stale, Laminated V.F, sandy and silty; Laminated l-2mme
=== m,e dKe gray (Nh) to lte gray (N7)

~“\Shale! S:th; dke gray (N3): splits 2-3mme

Shale, siltys dke gray N33 fissile-splits 1-2mme
Tronstone nodules and beds 10%

70
Coal, Middle Kittanning, "C"
éo |
o Covered Interval between lst and 2nd strip mine
50 ] . ,
: Sandstone, fine grained
_ Coal "B3M"
» .<—-——-—-FJIr-1t Clay
"y lay, silty; me dke gray (Ni)

_Mudstone, sandy, dke gre (N3)
Sandstone, fe-me gre, micaceousj cross-bedded

"~Shale, Laminated V.F. Sandy and sulty; dke gray
30 : N3 - lte gray N7

T TN "5t Shale cla¥ to silty; blke ca.rbonaceous, fiss:Lle
o ‘

o J
‘ Mudstone ’ silty and sandy; root impressions

Shale s Laminated V.F. sandy and silty; micaceous, ‘
 plant fragmentsj Laminations l-4 mms, small scale
cross bedding; me dke gray (Ni) - lte gray (N7)

Stale, silty to s:lJ.t, dke gray (N3) fissile, splits
2=Ims-

Shales clay dke gray (N3)
Coal MB-1n

Mudstone, sandy, root impressions ‘

'.___ﬂ, _____X, m, dko gray (Nh)

Claystone, silty ,'" plant fragments
Coal, Lower Kittanning "B"
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Lateral Changes in the "B®-"B-1" Coal Interval

By walking southwestward along the Lower Kittanning strip mine,
a part of the lateral variation in the "B"w"B-1" coal interval, illustrated
in the Fence Diagram (Sections L2, Ll and 52), may be seen. At Stop 3 the
upn.nB-1" coal interval is composed of silty clay and mudstone with only a
suggestion of cyclic sedimentation. This same interval at Stop 2 contains
2%t of plastic clay.

One-quarter mile southwest of Stop 3 the "B"-"B-1" coal interval
is 15 feet. Here it is cyclic, composed of laminated claystone above the
uBM coal grading upward into 3 feet of medium-grained sandstone. OSandy
midstone and plastic clay occur between the sandstone and "B~1" coale A48
shown on the Fence Diagram, (Sections Lk and L45), further to the southwest
the cyclic character of this interval is more pronounced. Still further
southwest, at Section 52 on the Fence Diagram, the whole interval is
occupied by medium to coarse-grained sandstone which apparently interfingers
laterally in both directions with a normal cycle.

Two general points are illustrated by the "B"-"B-1" coal interval
between Stop 2 and Stop 3.

l. Additional cycles are added to the sequence between
split coalse

2. The character of the interval between split coals may
vary laterally over a few miles from clay, to a normal
cycle, to a completely sandy sequence which interfingers
laterally with normal cyclic deposits on both sidess

27.6 Strip mines in Brookville and Lower Kittanning coals to left of road.
29.u~ Bear right at "Y". Town of West Decatur.

12946 Turn left at junction with Route 322; " Continue west on Route 322.
3140 STOP 3 A: Park off pavement to right of road. Road cut exposes 6

%o 8 feet of massive Pottsville sandstone, a gquartzite showing
some cross-bedding. Contrast the white color of this rock with the
gray of the less clean sandstones at Stops 1, 2 and 3.

3L.5=6 Road cuts to left and right of the road expose cross-bedded
Pottsville sandstone.

317 Turn left - up slight rise on paved road leaving Route 322. Road

mtaeamanensars

Sign points (in opposite direction) toward Wallacetbom.
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31.8 Bear left at "Y' on macadam roada

32.8  Turn right (toward Bigler) on first macadam road since leaving nym
Intersectione Route 970

33sk STOP L3

Park off pavement along right side of road facing northe
. - Walk short distance ipto strip minee

Features to be observed at this stop are a section of part of

- the Lower Kittanning coals and a small but typical high-angle fault
showing a.large component of strikesslip movemente
Lower Kittanning "B-2%" and "B-3"

Feet Coals occur Above Section on Hill

Shale, laminated silty and fine sandy

Shale, siltyy laminated, me dk. gray

K/Shale, clay; dk. gray (N3) splits 1-3 mm,

Shale, clay; black, papery

2 <"_=-——-—--——_Coﬂ,’Lcmer’K:I.’cﬂcau'm:l.ng WB-1u
«———Clay, dk. gray (N3), slightly fissile
«———Claystone, silty; lt. gray (N7)

Clay, silty; lt. gray (N7) to lte olive gray

Floor of Strip Mine

Approximate position of Lower Kittanning
"B coal

Only the Lower Kittanning "B=1l" coal is exposed at this strip
mines The thick clay below the.®"B-l" coal is the same rock body
seen between the "B" and "B~1l" coals. at Stop 3 and between the two
"B coal benches at.Stop 2 The Lower Kittanning "B" coal is not

exposed here but is known from drill cores to be I to 6 feet
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beneath the floor of the strip mine. The "B-2" and "B-3" coals seen
at Stop 3 are present on the hill in back of the strip mine. The
clay between the "B" and "B=1l" coals is mined extensively in this
area and westward to Clearfield for use in the manufacture of yellow
building bricke It is persistent enough to be used as a key bed in
stratigraphic correlatione The best exposed fault is at the center
- of the strip mine. A sketch of relatiomsat the fault appears belows

NMNZSW}

This fault strike N25W, dips nearly verticallf, and displaces the
np.1" coal bed about 2 feete A close inspection of the fault plane
will show slickensides plunging approximately 10° on an azimuth of
135° (SE)« Assuming that the slickensides indicate the direction
of net slip the fault can be classified as a left-handed faulte
(Left-handed fault - when looking along strike of the fault, block
on left has moved toward observerj block on right has moved away
from observer.) At the end of the strip mine nearest the road a
complex network of high-angle faults is present all of which show
slickensides plunging at small angles to the S.E. Faults striking
N53W and NOOW in this area show evidences of right—handed st.rike-
slip movemente

Strike of joints in coal.,, shale and clay observed at the north
end of the strip have been plotted on the i‘ollowing diagram together
with fault strike orlentatlons.




 3&-7 :
352

35

3547

- 3740

3747

3946
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“Scale i
! Joiwt 1hocoal .

N
I Joint n shale :
or claystone

Joints of the Mah set (See JJ\TIRODUCTION) are present in tie shale, 2
clay and coala. Joints of -the "ec" and "d" sets are present in the =
coal.  The strike of ‘the Man. joint set'falls between the strike of

the right—handed and 1eft—handed faults.:;

_-Bear Loft at Stop sign,follow1ng Route 970. gﬁ

Turn right at Stgp,signo"crossing rallroad tracks.

Passing through Bigler, Pennsylvania.

Turn left at Stop sign. ;Intersection of Route 153 and Route 322,

‘Caﬁfinue toward Clearfield on Route 322.

Road cut exp051ng sectlon of Lower Kittannlng sands, shales and
clayse

Road cut on right exposing Pottsville sandstone.‘[ﬁ

View ahead of strip mines in LOWBr, Middlb and Upper Kittannlng
coals. G

Road cut.on right exPOées Clarion sandStd@ef |
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40.,6-08 Road cut on right exposes cross-bedded Clarion sandstone.

k2.6
Lh2.8
L3e9

Crossing Clearfield Creek.
Turn left off Houte 322 on dirt road.

STOP 58 Park to right of road and walk .3 miles to section on the
side of hill exposing lower Kittanning to ILower Fresport coals. The
stratigraphic section and detailed lithologle descriptions are given
on following pages. The measursments were made approximately 100
yards N.E. of the mine entrance.

This section is one of the best exposures of the Allegheny
formation in the area. The clay at the bottom of the section is
approximately 200 feet below the Upper Freeport coal which crops out
at the top of the hill, :

T™e lower part of the section illustrates one of the difficult
problems in correlation in this area. The interval here is occupied
by three coals and probably four. In adjacent sections the intervals
and 1lithology between coals greatly changes (See Stops 2, 3 and 9).
Fossil zmones azbove the coals and the thickness and lithology of
associated clays have been used in working out these relationships
over a limited area,

Two of the three limestones present in the Allegheny formation
can be observed, These usually occur as dark gray or olive gray,
aphanitic, nodular masses which weather a yellowish brown. They
commonly ocouwr in the clay beneath the coals and in places contain
numerous coiled gastropods and some ostracodes., Although the lime-
stones are quite lenticular, they are found over a wide area and
hence are useful in correlation.

The thick sandstone above the Upper Kittanning coal is one of
the major #and bodies in the Clearfield area. It should be contrasted
with the one above the Middle Kittamning coal which shows even
bedding and no evidence of channeling. The Lower Freeport coal is
represented hers by only a thin bone coal. One half mile to the
southwest, it is three feet thick. (See Stop 6).




Stratigraphic Section at Stop 5 5d-25

FEET
Lo0d

190

1301

o4

1601

110 1

LIMESTONFE MEDDKGY ; APHANITC A NODULAR

C LAY, GraY, PLASTIC

SHALE CLAY OLIWE (-2AY

COAL loWER FREE PORT
CLAY, SILTY, OLIVE GRAY

COVERED

SANDSTOME MED. tlay, FINE G BAMED SHALY

COVEFKED

SAMDSYIONE L . BN GY., FIMF-MED GBA/NEO
MASSIVE~ FLAGGY.

SHALE CLaY, L7 DLIVE GEAV.
Coat, UPrer KIT+ANNING -~ C'"
CLAY LT.G Ry, F’LASTIQ

COVERED

LIMESTONE DK.GY., APHANITIC | N ODULAR
CLAY, PLASTIC

CLANSTONE SITY, OLIVE GEAY

SANDStONE MED.LT.GRAY FINE & PANED

SHALE CLAY 5 GY.~GY . BK
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SHALE Ciav, dw Gy = Gy 8

Cobl with rany CSLavi PARTINGS - !

CLAM, Lt &Y, PLASTIC
CLANMSFONE SAMDY L+ &V,

SHALE CLay, MED D Gy

Coal \aird CLav E"fe*';“ a3 - R-3
CLAY, VERy Sits) LT GV, '
SANOSTONE GRAY VEEY FINE GRAINED Mic.

SHALE sicr/-SAnDY MED D G.Y:LAMPAfﬂTED

SHALE siLry, MEO .o QY

SHALE CLaY, GY 6K, FISSILE

Coal "2-RA"

CLAY SILTY | MED DK 6.

SANDSTON B MED LT &Y. UERY FINE GRAINED

SHALE cLAY MED D &Y. tHin BEGDED
L1 1" '

CoAL B-|

CLenf MED DKGY.,

SILTstoNE [ MED OK GY. MICACEBLS

SHALE CLAY GRAY BLACK FISSI-E

:C:LA““’)VERY SANDY, MED LT.GY.




Iithologic description of Stratigraphie
Section at Stop 5
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Limestone, medium dark gray - olive gray, aphanitic
in nodular masses 2"=2' long which weather
light gray: scattered patches of resinous
sparry carbonate occur throughout the rock —=-ww—w=-

Clay, gray, plastic, with two thin coaly layers
10" and 2' from base

Shale, clay, olive gray, becoming sandy and laminated
in upper few feety some interbeds of 1-2" shaly
sandstons occur in upper foot

Coal, beny - lower Freeport "D"

Clay, olive gray, silty and blecky in lower part, be-
coming more plastic toward top -

Covered Interval -

Sandstone, medium gray, very fine-grained, shaly,
weathers greenish gray --

Covered Interval e=w-== P ——— -

Sandstone, light brownish gray, fine to medium-grained
micaceous and carbonaceous, massive in lower part
flaggy in upperj some thin shale interbeds occur

in upper part -

Shale, clay, light olive gray with many plent fragments
weathers light grays upper contact concealed ~wmewm=

Coal, bony, Upper Kittanning "C"

Clay, plastic, light gray

Covered Interval, probably clay
Clay, grays plastic, with numerous limonite concretions

Iimestone, dark gray, sphanitic, with patches of sparry
carbonate 1-5 mm. in diameters westhers into
irregular, fluted nodules 6"-1' long, yellowish in
color. A few small coiled gastropods present -=---

Feet
Thickness Total
1.0 19900
5.0 198,0
6.0 193.0
0.5 187,0
2.5 186.5
6.5 184.0
1645 I77.5
22.0 149.0
1.2 127.0
0.75 125.0
1.0 124,25
6.0 123.25
0.5 117.25
2.4 116.75
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Feet,

Thicknass Total

Covered, float is claystone, olive gray, siliy and
micaceous -— ——— 5e5

Sandstone, medium light gray, fine-grained, well
sorted, micacecus on bedding planes, in regular
beds 6%-1' thick. The lower contact is sharp,
upper gradationsl, weathers light brownish gray -- 6.0

Shale, clay, dark gray to gray black, fissile, grading
upward into thicker bedded (1-2")more silty
shale which weathers olive gray. Upper contact

sharp = - s 3.3
Coal, with many small clay partings, Middle

Kittaning "CY% - ko0
Clay, light gray, plastic 3.0

Claystone, sandy, light gray, weathering brownish ———e- 2.0

Shale, medium dark gray, clay to slightly silty,
blocky, with no visible bedding: hollow, septate,
limonite concretions, L~5" long, 1-2" thickj often
filled with fine 8ilt or c¢lay, occur in lower one
foot ——— - 6.8

Shale, clay, black, with thin interbedded coaly layers
represent a coal horizon - "B-3" 0.5

Clay, light gray, very silty with many root impressions 2.5

Sandstone, gray very fine-grained, micaceous, in beds
T-L" thicks grading upward into siltstone, weathers

brownish - 2.5

Shale, sandy-silty, medium dark gray to medium light
gray, in finely laminated beds, 1-2" thiek, with
interbedded non-laminated shales weathers rusty
brown. Scattered ironstone concretions present
in lower few feet ——— 10,0

Shale, silty, medium dark gray, breaking into plates
1/8 - 1/L" thick: becomes more silty toward top =~ 9.0

‘Shale, clay, gray black, fissile, with lingulas of

several species, upper contact sharp 1.25

112,75
107.25

101.25

68,25
6025
61,25

59.25
- 51.25
5075

jh8.25

k5.5
3575

26475
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Feet

Thickness ~  Total

coal, bony

Coal, with parting - "B=-2%

Clay, silty, mediwm dark rray, with numerons carbonized
root impressions which cut bedding; ironstone
concretions occur in a 6" zome at basej unit
becomes darker and less silty toward top——emmems

Sandstons, medium light gray, very fine=-grained,
slightly micaceousj lower foot resistant. Lower
contact sharp, upper is gradational

Shale, clay medium dark gray, thin-bedded, weathering
light gray and becoming more silty in upper part -

Coal; with partings - "B-1"

Shale, clay, dark gray i

Coal, with 2-3" bony ccal at base - "B-1"

Clay, silty in lower part, medium dark gray, with many
root impressionsy weathers into small light gray
blockse A zone of slightly limy concretions
3=4? in diameter occurs at base

Siltstone, medium dark gray, micaceous, resistant in
ower one foot, grading upward into silty clay—
stone; weathers light grayj the lower contact is

sharp—

Shale, clay, gray black, fissile, with scatiered flat
ironstone conecretions, grading upward into medium

dark gray, fissile, shale. Upper and lower ccmtacts

are sharp
Clay, very silty or sandy, medium light gray, hard and
blocky, finely micaceous, becoming less silty and
softer toward topj; weathers grayish o0liveeem—m

Lower strip-"B" is probably present 6-10 feet below
£ill.

Total thickness of section

0.
075

1.75

2475

k.25
0425
1.0

1.5

2.5

30

li 0

.

25,25

2Ls08

2040
15.75

- 15.5
1.5

13.0

105"

7+5

. 19940 feet,



5d=-29

457 Tuzn left at "T® road intersecticpe

L5«9 STOP 63 Park g:ai's on right side of road. Walk southeast op dirt
road inteo strip mine.

This section is typical of the Freeport cycles over much of
the southern part of the Clearfield basine. The thin-bedded sand-
stone and sandy shale above the "D", the nodular limestone and
calcareous clay between the coals and the black, platy shale wity
well preserved leaf impressions are distinctive features of these
cycles. Not seen here, but present. in many adjacent areas, is a
split coal which appears from 7«10 feet above the "D" ccal apd
beneath the limestone. Actually the thin bope coadl above the
lower sandstone ip this section may occupy the position of the split.

The interval between the "D" and "E" coals ranges from 15-607,
averages 35-40's One of the most striking changes ip ipterval is
between sections 5 and 6{see correlatiop chart)s The D" goal is
245 = 3! thick at most plaees, commonly with a thin clay parting
several _inches from the base. L

Lithologle description of Stratigraphic
Section at Stop 6

Feet
Thickness Total
Sandstone, brownish gray, fine-grained, in regular
beds 1-3" thick, with interbedded shaly sand-
51 018 e 10.0 71.7%

Shale, slightly silty, dark gray, i faintly laminated
i 8 = 1/15" beds, with well preserved leaf
impresaions in lower part. Several poorly pre-
served pelycepods{?) noteds upit grades upward

to very silty shale ' 2240 61.75

- Coaly clean, bright - Upper Freeport “EM 3.25 39.75
- Clay, silty, lignt grsy with limonite-céncretions — 240 36.5
Clay, silty, dark gray 2.5 34.5

Claystone, medium dark gray, ferruginous, with
irregular bedding 10 32.0




Feat
Thickness
Clay, silty, dark gray, weathering to small irregular
fragments 240
Clay, hard, very ferruginous 025
Clax§ plastic, yellow brown: 1.00
Limestone, dark gray, aphanitic, freely effervescent
in HCL, weathering into nedular; y=llow brown
masses, averaging 1l' in lengthe. Some small
gastropods present—- 0.15
Clay, medium dark gray, with numerous ncdules or
irregular masses of limy clay coated with irop
oxide 240
Clay, olive brown, hard, very limy, freely effervesceni
in HCLj weathers greenish gray: 075
Claystone, silty, olive gray, with a one foot bed of
resistant, medium gray, very silty claystone or
siltstone at topj unit weathers light olive brown 2425
Claystone, slightly silty, olive gray, somewhat softer
than unit above§ no bedding visible 125
Shale, dlay, dark gray 025
Coal, bony,soft gn
Sandstone, medium gray, fine-grained, very micaceous,
n beds 2~=1% with thin clay or sandy shale inter—
beds - 2" thickj sandstone weathers rusty brown — 140
Shale, clay, dark gray, platy with plant impressionsj
grades upward to medium gray sandy shale in l-2"
beds 0.2
Shale, black, hard apd brititle, very carbopacecus,
weathers to rectangular blocks 0e25
Coal, with 2% clay parting 13" from base = "Dlewmmmu 3.5

Total thickness of section
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Total

31 L0
290
28475

27.75

26.25

24425

23450

21.25

2000

19475

5475

3475
3.5

7175




it

FEET
do-

70--,:"_'-'.'.

£O - —

50 1

Stratigraphic Section at Stop 6
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-Gormlation Chart

Horizontal Scale: 1" = % mile
Vertical Scals: 1" = 30 feet
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L6.0 Turn right at "I" intersection with macadam road.

L6.3 Turn right at S{;oﬁ S8ign at road inberseciion. View nmorth toward
Susquehanna River valley and Clearfield, Pae

h69 Entering Clearfield.

L7 Turn right at Stop Sign . "T" intersection with Route 322
usquehanna River, west branch.

L7 .5 Bear left at "Y' on road parallelipng river.

L7.8  Straight ahead at Stop Light « School on lefte

L8.1 Turn left at Stop Light o Cross west branch Susqueharna River
on bridge.

48.2 Turn right on Route 879 at far end of bridges Continue on Route 87%.

5043 Turn right on dirt road just beyopd sharp left bend in Route 879.
Imoco gas station on corners

50 STOP 7% Road cut exposing cross-bedding ip the Clarion sandstoneo

This exposure clearly illustrates the type of cross-bedding
found in Pennsylvania, sandstones of the area. A sketch of part of the
outerop appears op the accompanying pages

Terminology slightly modified from McKee and Weir(1953) is
used in descriptive labels op the sketchs. A eross-bed {cross-stratum of
McKee and Weir) is a single layer deposited at ap angle to the original dip
of the formation. A set of cross-=beds is a group of conformable beds
deposited with initial dip and separated from other sets by surfaces of
erosion or non—deposition.

McKee and Weir(1953,p.387) classifjr eross—beddiﬁg(cross
stratification) on the basis of the character of the lower boupdary sur-
face of the set of cross—beds.

le Simple cross—stratification - the lower bounding surface
of sets are nonerosional surfaces.

2o Plapar cross—-stratification — the lower bounding surfaces
of sets are plapar surfaces of erosion.

3« Trough eross-stratification —~ the lower bounding surfaces
of sets are curved surfaces of esrcsions

A3 indicated on the sketch, both planar and trough cross-
gtratification iz present in the outecrope.




Sketch of Cross-bedding at Stop 7
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The above diagram shows dip directions of 27 cross«beds. Arrows
indicate direction and amount of dip of cross-beds. Where possible two
observations were made on each set of cross-beds.

: Although a cursory inspection of the oubcrop seems to indicate
no preferred dip direction of cross-beds this plot shows most dip
directioms to be in the northwest and southwest quadrants.

The average dip direction of cross-bedding is azimuth 249° (8 69 W).
The mean and variation about the mean are plotted on the diagram. OCurrent
flow is inferred to have been toward the observer,

50.7 STOP 8¢ The stratigraphic section for Stop 9 and the Corre-
Tation Diagram show the position of the coals at this stope

This section shows a good example of coal splitting. The upper
~ coal ravidly rises into the highwall, so that in a distance of approximately
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Stop 8 (continued) 5d-36

100 feeb, a complete cycle 20-25' thick separates the two coals. The split
coal is correlated with the "B-2" coal at Stop 5, where an interval of only
10 feeb sepam tes it from the WB-1%, Such rapid changes in interval seem
t0 be characteristic of the Lower Kittanning coals. Maximum interval be-
tween split coals is commonly attained within a single strip mine in a
lateral distance comparable to that seen at Stop 8., Evidence from the
Lower Kittanning coals in the Philipsburg-Houtzdale area indicates that
after the interval between split coals is attained, it remains fairly constant
over areas of 15 or 20 square miles (dimensions approximately 10 miles north-
south and two miles (minimum) east-west. (See Fence Diagram).

In contrast, the split intervals found in the Middle Kittanning
and Upper Kittanning coals in both the Phllipsburg and Clearfield basins
are extremely irregular.

51l.1 STOP 9: The stratigraphic section and lithologic descriptions
ars given on the following pages. The section is composite,
having been measured at opposite ends of the hill.

The lithblogy of the clay and concretions beneath the WB-1%" coal
is well illustrated here. Largs concretions of this type are believed to
occur only at this stratigraphic position. In some localities, they coaless
to form & single, thick concretionary beds A chemical analysis of one of
these gave the following results:

loss on ignition - 24.9%
acid insolubles - 19,2%
RBpOq - 5L.5%

These concretions are believed to occupy the same position as those
beneath the "B-1" coal at Stop 5, where they were observed in front of the
mine entrance.

Fossils occur above the upper three coals (see stratigraphic
section)s 4 rather umisual zone of pyritized brachiopods is present above
the "B~3" coal. This zone has been traced to Stop 8, but has not been
found elsewhere. It seems to be characteristic that the marine fossil zones
are not persistant, while the lingula zones are strikingly so. In almost
every area, where normal cycles are developed, lingulas can be found gbove
the Lower Kittenning coals. So far, lingulas have not been found in
abundance above coals higher than the ¥B-3" coal,
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Stratigraphic Section at Stop 9
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Lithelogic Description of
Stratigraphic Section at Stop 9
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Shale, very silty, medium dark gray, finely micaceous and carbonaceous,
no observable bedding in lower 2 feet, becoming more even bedded
Rock weathers into irregular fragments 3-3% thick,

toward top,

olive gray or gray in color = = = = = « «

- e e e e o

Shale, clay, dark gray, thin bedded, with a few scattered small
concretions in lower 1 foot; weathers into small chips, browne
ish in COlOr = = = = = = = = w = " = === - =

Shale, clay, dark gray, fissile, with mumerous bedded nodular concretions,

- e am wm ma s, e

%-27 thick; L-6" apart, which form 10-15% of umit - = = = w= = «

Shale, clay, black, soft, fissile, pyritiferous, with many small
irregular pyrite nodules and pyritized brachiopods = = = = w =

;
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impressions

o
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dirty with many thin clay partings and a 5" bony zone at top -
clay, dark gray, thin bedded, with a profusiocn of plani

slightly silty, dark gray, non laminated, splits with

irregular fracture, weathers brownish. A few scatbtered iron-

stone concretions present . w « @ o e - - v o - o - - v .- - -

&2
:

silty to sandy, dark gray, finely laminated, in 1-3" beds,

weathering brownish and into thin plates 1/16% thick = = = = -

Shale, clay, dark gray, fissile, thin bedded, with 3-1" bedded rede
browniehironstone coneretions, 6-8" apart, weathers brownish -

Coverej = « « = - <

Coal Tbony = "B=3"

COBL = = w = =

Clay, silty, medium dark gray, black, hard, with many root traces,
Weathersligh'bgray--—-----—--------.-.-..._-.-..

Clay, very sandy, medium dark gray, blocky, hard, with many sandy
lenses or nodules in lower part; weathers light gray and

Iron oxide layers occur throughout mass; many

roob traces Present = = = = = = 4 c ;o " " - ---—-——---

rusty brown.

Shale, slightly silty, dark gray, thin bedded, grading upward to

elay = = - =

- wm W e o W oW
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Shale,

Shale »
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very silty to sandy, medlum dark gray to dark gray, strongly

color banded on weatherec Jurface; light olive jray bands,

$-3" thick, consist of finely laminated sandy shale; darker

bands, somewhat thicker, are silty. Fine mica and carbon-

acecus matber are abundant on bedding planss. A few

lingulas occur in lower part in the silty layers = - = - - - = 10,0

slightly silty, gray black, thin bedded (1/18-1/16%),

breaking into smooth, flat, fragments and weathering light

greenish gray. Some parts appear to be faintly banded.

Numerous lingulas occur in thin zones throughout unit = = - = L0

Covered interval to base of strip mine where "B-1" is covered

by £A1l = = = = - = = e - 6.0
Section continued % mile north

black, fissile, very coaly, sulphurous, weathering greenish.
blacke In a distance of 100 yards, the shale passes into a
mineable coal = = = = = - A I R -~ = - 1.5¢

light olive gray, slightly silty, soft, with a resistant,

silty ferruginous zone, L" thick at base, weathers light

graye. Numerous, oval, medium dark gray, slightly limy,
siderite-siltstone concretions, 6%-2' long, 6"-1' thick,

occur throughout but predominate at base = = = = = = = = = = 3.0

silty - sandy, dark gray to gray black, hard and blecky,
micaceous and carbonaceous = = = - - R - 1.75¢

plastic; dark gray to gray black, flaky, Soft = = = = = = « = 1.0

bonyu---' ————————— - oem o e e e o e o e e oW W e 2"

very silty, mediun dark gray, hard,‘blocky, with root
impressions throughout = = = = = = = = w w e v« o« . 1.0

light olive gray, plastic; weathering 1ight gray and stained
with iron oxide « = = = = = = 0 = 0 = v v = = = . . - .- 2.0

very slightly silty, dark gray to gray black, semi-plastic,
becoming lighter in color toward top. A 6" zone of very
8ilty, ferruginous, hard, lumpy clay occurs at base = = = = = 3.5

clay, gray black, thin bedded (1/8-1/16"), grading upward
into clay., Large, oval, hard, dense, slightly limy, iron-
stone nodules (l.5'-6" long, 2-iL" thick) occur throughout
unit and comprise 15-20% 0f it = = =~ = = = = = w = 2 o = = - 2.25

43.00

33.00

2%9.00

23.00

21.50

18.50
16.75

15.75

.75

12.75

9425
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Shale, clay, gray black, fissile, weathering greenish gray = = = «

Shale, gray black, hard, brittle, breaking into rectangular
blocks ————————— - b e S e me e ma M AN W MR SR S M WE W

coal, With mrv Clay partings, "B" - e e o e e ok o o W e A AE W W W

Total thickness of section - - =

Sd=10

3,01

0.75"
3,251

7,00

4,00

3425

76.00°
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