CEOLOGY

| nt roducti on

The geol ogy of northwest Pennsylvania and d arion County has been studied exten-
sively since the early 1900's. As the need for coal and oil has increased over the
| ast century, new and faster nmethods of discovery and extraction of these natural re-
sources had to be found. As a result, lengthy studies of Pennsyl vanian stratigraphy
and structure were conducted in order to find where and how to tap this state's abun -
dant coal and oil reserves. The geologic data for this report is taken from several of
those previous studies, as well as fromactual field reconnai ssance. In addition,
geologic information is incorporated from avail able nmine maps and drill hole | ogs and
records. All reports used in conmpiling this text are listed under References and are

referred to in the text wherever appropriate.

Structure

Regi onal |y, the Appal achi an Synclinorium plunges to the southwest which permts
the Mddle and Lower Kittanning coals to outcrop in many of the hilltops in the
west ern portion of the watershed.

Nort hwestern Pennsylvania lies in what is known as the Pittsburgh-Huntington struc-
tural basin. This spoon-shaped depression is one of the many small folds superinposed
on the flanks of the Appal achian Synclinoriumand has its' center in the southwest
corner of Pennsyl vani a.

Clarion County is in the portion of the synclinoriumwhich is relatively flat-
lying, but in parts is influenced by the Brady's Bend syncline and the Kell ersburg
anticline. The attitude of the strata where the Brady's Bend syncline enters the wa -
tershed is essentially horizontal until further south near the boundaries where the
rocks on its' flanks have dips of 25 -75" per nmile. The Kellersburg anticline is the
maj or i nfluence on local dip in the Piney Creek Watershed. Although it also be gins
to level out in the watershed, the strata in the eastern portion have di ps av eraging
3° or less to the southeast.

Because of the general |ack of structure, there appears to be no directional pat -
tern to the drainage

For detailed information concerning the stratigraphy and conprehensi ve geol ogy,
the reader should refer to Chance (1880), Ashburner (1885), Munn (1910), Shaw and Minn
(1911), Fern and WIlliams (1960 & 1964), and Patterson and Van Lieu (1972). A
general i zed di scussion of the surface geol ogy of the Pi ney Creek Watershed is pre-
sented in this text.

CGCENERAL GEOLOGY

Quaternary Series

Only a thin veneer of Quaternary alluviumexists in the beds of the main streans


default
10


in the watershed.
PENNSYLVANI AN PERI CD

Conemaugh G oup

The Conermaugh Group outcrops only in the extrenme southeastern portion of the wa-
tershed where it is found as the cap rock on a few of the higher hills. The Cone -
maugh formation varies froma sandy olive-green shale to a gray shale with thick in-
terbeds of sandstone. The sandstone becones nor e nmassive and i s the dom nant menber
of the formation in the extrene southwestern portion of O arion County.

Al | egheny G oup

The Al |l egheny Goup extends fromthe top of the Upper Freeport coal to the top
of the Homewood sandstone. It has an average thickness of 350'-375 and includes
nost of the mineable coals in the Piney Creek Watershed. The formations in this
group include the Freeport, Kittanning and the darion, and consist mainly of inter -
bedded shal e and sandstone, clay and coal in order of decreasing abundance. A nore
det ai | ed description of each formation follows.
Freeport Formation
The Freeport Formation, named for the Freeport coals, varies from100' to 120° and
extends fromthe top of the Upper Freeport coal to the top of the Upper Kittan ning
coal. These rocks occur only in isolated hilltops in the extrene southeastern
portion of the watershed, and are of mnor inportance. The intervals between the
coal s are occupied by sandy shal es and bel ow the coals by the Freeport sandstone.
Ki ttanni ng Formation
The Kittanning Formation includes the interval fromthe top of the Upper Kittan -
ning coal to the base of the clay under the Lower Kittanning coal. Al three Kit -
tanning coals are mned in the watershed with the Lower Kittanning showi ng the high -
est mar ketable value. In the southwest, especially near Shamburg, the thickness of
the overburden is less than 100" and stripping of the Lower Kittanning coal is exten -
sive. The internedi ate rocks of the Kittanning Formation consist of shale and sand -
stone and are underlain by a fire clay giving an overall thickness of 110" to 130'.
Cl arion Formation
The d arion Formati on extends fromthe clay at the base of the Kittanning For mation
to the base of the Brookville underclay. The O arion and Brookville (when pre sent)
coal s are the nost extensively mned in the Piney Creek Watershed, thus making the
G arion Formation the source of nmobst of the acid m ne drainage.
Aver agi ng about 125" the formation consists of sandstone, shale, siltstone, coal,
clay and limestone in or der of decreasi ng abundance. The Vanport |inestone, a prom-
i nant marker bed in northwestern Pennsylvania, averages between 3' to 7' thick in the

sout h near Linestone. It is consistently overlain by a thin |ayer of iron oxide
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which was mned in the early days. The ore nmined provided the raw material for the
nunerous iron furnaces that operated in the county in the nineteenth century.

The C arion coals range in thickness fromO0.5 to 3.5 wth the Upper C arion
t hi cker than the Lower Clarion seam The interval between the two is generally a
20" bed of shale, but may vary since one coal or the other is frequently m ssing and
has made seamidentification difficult. Further conplication is added by the occas -
si onal appearance of the Clarion rider coal, generally less than 1.0" thick.

The Brookville coal is usually found 30" below the Lower Carion and averages
4.5 to 7' thick. However, this seam is not always present due to depositional
environnents in the Pennsylvanian Period. Both the Clarion and Brookville se ans
have high sulfur and ash content attributed to their respective coals.

Pottsville G oup

The Pottsville Goup extends fromthe base of the Clarion Formation to the base
of the Lower Connequenessi ng sandstone, which |ies unconformably on rocks of Mssis -
si ppi an Age. Containing three major formations, the Honewood, Mercer and Conneque -
nessing, the Pottsville G oup averages about 275" in the Piney Creek Watershed. The
group consists mainly of sandstones and shales with only two recogni zed coal seans,
nei ther of which are mined in the Watershed.
Homewood For mati on
The Homewood Formation extends fromthe base of the Brookville underclay to the
top of the Mercer shale. It is dom nated by the coarse-grained massi ve Homewood sand-
stone which is a persistent marker bed over nuch of western Pennsylvania. The aver age
thickness is 20" in the Piney Creek Watershed. The remai nder of the formation is 30
of sandy shal e.
Mer cer Formation
This formation consists mainly of shale and |inestone and two m nor coal seans,
the Upper and Lower Mercer. The boundaries extend fromthe base of the Homewood sand -
stone to the top of the Upper Connequenessi ng sandstone and averages approxi mately
70" in thickness. The Upper and Lower Mercer coals average 2.0 and 4.0' respectively
in parts of Clarion County, but are not known to be mned in the watershed. The rocks
of the Mercer Formation are seen only in the channel of the main streanms in the north -
west portion of the watershed.
Connequenessi ng For mati on
The Connequenessing is a three nenber formation consisting of the Upper and Lo-
wer Connequenessi ng sandstones and the interbedded Quakerstown shale. The sandstones
are massive and jointed and attain a total thickness of up to 140'. The Quakerstown
shale is thick (40") with a few interbeds of sandstone and coal. The formation con-
tacts extend fromthe base of the Mercer Formation to the M ssissippian - Pennsyl vani a

unconformty.
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M SSI SSI PPI AN PERI CD

Pocono G oup

The unconfornmity at the base of the Pennsylvania series has caused a great anount
of confusion in identifying the exact nenber of the M ssissippian series which is pre-
sent at the contact. The evidence seens to indicate that possibly thousands of feet of
rock have been renoved by the extensive period of erosion which narked the interval
bet ween t he M ssi ssi ppi an and Pennsyl vani a depositions. According to Shaw and Minn
(1911) in Carion County and specifically in the Piney Creek Watershed, the Ms-
si ssippian series begins with the m ddl e of the Pocono G oup, approximately in the
Bur goon sandst one.

Ceneral ly, the sandstone has a total thickness of 300" to 320" and |ies about
130" bel ow the horizon of the Brookville coal. In the Piney Creek Watershed, it occurs
only in the stream bed near the nouth of Piney Creek and actual thickness is difficult

to determ ne.
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GENERAL CGEOLOG C COLUMN PI NEY

CREEK WATERSHED

Peri od G oup For nat i on Rock Type Thi ckness
Quat ernary Al uvi um Thin Layer
Pennsyl vani an Conemaugh Conemaugh Shal e Cap Rock
Al | egheny Fr eeport Upper Freeport Coal 3.5 -4.0
Sandy Shal e 30

Sandst one 20

Lower Freeport Coal 4.0

Freeport Sandstone 40" - 60°

Ki t t anni ng Upper Kittanning Coal 2.5 -3.0

Shal e and Sandst one 35' - 65'

M ddl e Kittanning Coal 3.0

Shal e and Sandst one 25'

Shal e 30

Lower Kittanning Coal 2.0'-3.0

d ay 2'

darion Sandst one 8'

Shal e and Siltstone 12

Iron Oxide 1

Vanport Linmestone 5 -10

Sandst one 0' - 20

Shal e 20

C arion Rider Coal r

Cl ay and Shal e 0' - 25

Upper C arion Coal 0 -3

Cl ay and Shal e 20'

Lower d arion Coal 0'-3.5

d ay 3

Shal e 27

Br ookvi | | e Coal 4.5 -7

d ay 4

Pottsville Honmewood Sandy Shal e 9
Sandst one 20

Mer cer Shal e 18°

Li mest one 1

Upper Mercer Coal 2

Shal e 30'
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GENERAL GEOLOJ C COLUWN PI NEY CREEK WATERSHED (con't)

Peri od G oup For mati on Rock Type Thi cknes
Pottsville Mer cer Li mest one 2'
Lower Mercer Coal 4

Shal e 10

Connequenessi ng Upper Conn. Sandstone 88’

Quaker stown Shal e 40'

Lower Conn. Sandstone 50’

M ssi ssi ppi an Pocono Bur goon Sandst one vari ed

15
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GEOLOG C FACTORS AFFECTI NG PRCDUCTI ON OF ACI D M NE DRAI NAGE

The nature and quantity of acid mne drai nage produced as an aftermath of coal m ning

is determ ned by various hydrol ogic and geol ogic factors. Sonme of these factors are:
1. Thi ckness and comnposition of the coal seans and associ ated strata.

2. Depositional environnments of the strata.

3. Size and chenical constituents of the pyrite and narcasite in the coal and
associ ated strata.

Fol ding, fracturing, joints, faults and strike and dip of the strata.
Location and extent of m ned out area.

Over burden thi ckness and character

Topogr aphy.

Position of water tables.

© ® N o 0 &

Pernmeability and porosity of strata.

10. Availability of linestone for natural renovation

The basic theory of acid mine drainage is sinple and well known. Coal m ning
exposes the sul fur-bearing mnerals, pyrite and nmarcasite, to air and water. These
mneral s are oxidi zed chemcally and bi ochem cal |y, producing sulfuric acid, f errous and
ferric sulfate, and other acid salts such as the sulfates of al um num and
manganese. The mnine drainage may al so contain the neutral sulfates of cal cium and
magnesi um when cal careous rocks are present.

Recent research conducted by Wllians (1960) , Wllianms and Ferm (1960), WIIians and
Keith (1963), Caruccio (1968, 1970, 1972), and Caruccio and Ferm (1974), has be gun to
devel op patterns in acid mne drainage fornation in western Pennsyl vani a. Through the use of
fossils, Wllians first determ ned the stratigraphic pal ecenvi ronnents of deposition and
their lateral variations for each of the major coal seanms in the Allegheny G oup. He
found that in the basal. portion of the Allegheny G oup, the rocks contain fossils
i ndi cative of a marine-brackish water pal eoenvironnment. In the upper portion of the
group, fossils are present which indicate a continental freshwater pal eoenvironnment. In
general , as one passes upward through the strati graphic succession, the rocks grade
slowy fromnarine to continental, indicating a sl ow mari ne regressi on over a |long period
of time. This work was further refined by WIlians and Ferm (1960), who denonstrated
that the basal brackish rocks in the Al legheny Goup also vary laterally, becom ng
progressively nmore narine to the west.

The significance of this to the understanding of acid mne drai nage was revealed in a
study by Wllians and Keith (1963). This study investigated the possible cor relation
between sul fur (primarily as pyrite) in coals and the pal eoenvironnment of deposition of the
coals. It was found that the amount of sulfur inthe Lower Kittanning coal seam

i ncreased westward, directly correlating with the westward
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transition fromcontinental to marine pal eoenvironnment. This was inferred to hold
true for the ot her coal seans of the A legheny G oup

For the past eight years, Caruccio has been investigating the nature of the pyrite
whi ch causes the acid mne drainage problem In a series of field and |aboratory
studies conducted in western Pennsylvania, he deter mned that the nost significant

paraneters affecting acid formation are:
1. Mode of occurrence of the pyrite.

2. Distribution of certain trace elenents in the pyrite.

3. Perneability of the host rock, as a contributing factor to the oxidation
rate.

-

Availability of calciumcarbonate for natural neutralization

5. Groundwater pH before nmning, as a control on the iron bacteria which cat -

alyze the acid produci ng chem cal reaction.

The studies showed that there are four types of pyrite occurrences in coa
strat a:

1. Euhedral crystals less than 10 microns in dianeter.

2. Coarse-grained nmasses replacing original plant matter, greater than 25 m -

crons in dianeter.

3. Coarse-grained platy masses occupying joints in the strata, greater than 25

m crons in dianeter.

4. Fine-grained, franboidal pyrite, generally occurring as spherical clusters

of 0.25 mcron particles.

The fine-grained franboidal and euhedral pyrite appear to have been forned con -
tenporaneously with the host strata, since the pyrite grains are aligned parallel wth
beddi ng and form an integral part of the structure. These types of pyrite are
products of the pal eoenvironnents of deposition for the strata. The other types of
pyrite are secondary forms, resulting fromdeposition in joints and repl acene nt of
pl ant material .

Caruccio has further determ ned that only the franboidal primary pyrite is sig -
nificantly reactive. Sanples containing simlar amounts of total pyrite, but only a
smal | percentage of franboidal, produce significantly less acid than sanples with a
hi gh percentage of franboidal pyrite.

The reasons for the reactivity of franboidal pyrite appear to be at |least par tially
controlled by the existence of trace elenents. Size alone is not the answer, since
coarse-grained pyrite was nmechanically ground to a size equivalent to framboi dal pyrite
and tested, without a significant increase in acid production. Spec troanalysis of
sanpl es by Carucci o has shown significantly nore titaniumin stable pyrite than in
reactive pyrite, and presence of silver in reactive sanples only.

More research is being conducted to determine if silver increases oxidation
tendency, or if titaniumincreases stability.
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Recent work by Caruccio and Ferm (1974), and work in progress, has determ ned
the franboidal pyrite to be associated with strata from back barrier and | ower delta
pl ain deposits. Criteria have been devel oped to recogni ze pal eoenvironnents in the
field, and progress is being nmade toward mappi ng these environments in the Appal a-
chian coal fields.

There are several inplications of these studies for the Piney Creek \Watershed.
The surface rocks of the watershed are from the basal portion of the Allegheny G oup,
representing restricted near -shore marine and mari ne pal eoenvironnments. As such, the
Cl arion coals and associated strata contain the greatest anounts of franboidal pyrite
and are, therefore, the worst acid producers.

The situation within the watershed is aided by the presence of Vanport |inestone
in the southern portion. The Vanport is a major contributor to mne acid
neutralization throughout nmuch of western Pennsylvania. The lack of |imestone in the
north and central portions, high degree of reactive pyrite and poor reclamation
practices of past mning have conbined to produce the serious acid m ne drainage
problemin Piney Creek \Watershed. Mreover, the |ow pH values in many areas probably
encourage the growth of various iron bacteria, which act as a catalyst in the acid

production process.
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M NI NG H STORY

M ning has occurred in Carion County since the 1830's. A variety of mnera
resources have been extracted such as natural gas, iron, oil, linestone, clay, and nost
importantly, coal. The iron ore industry operated in Clarion County until the late
1800's, making the extensive mning of iron ore and |inme stone necessary. The main
sources of these nineral deposits were the Vanport |inmestone and the bed of iron ore
whi ch consistantly overlies it. Another bed of iron ore lies about ten (10) feet be -
| ow the Brookville coal in the northern portion of the county. At one time there were
as many as 27 furnaces operating in the county, producing a total of 40,000 tons of
iron per year.

Ol was discovered in Carion County shortly after the Titusville boomin the
early 1800's. By 1883, production was over 12,000 barr els per year, with an esti -
mated 5,000 oil wells drilled. Clay and gravel were also mned extensively in this
sane time period. Fire clays, underlying the major coal seams, were used for brick
and ot her construction materials.

Nat ural gas has been produced in the county since the |late 1800's. The associ a-
tion of gas pools with oil and water reservoirs brought about another flurry of drill -
ing in areas already over-populated with oil derricks. The nmpost favorable drilling
| ocations seened to be in areas of strong folding where structural traps became pockets
for layered pools of gas, oil and water.

Coal was first mned here in 1839. The need for a cheap, abundant source of en -
ergy for industry brought about the demand for coal, especially with the advent of the
Bessener process of steel making. Production fromthe nine mnes operating in 1885
reached 373,504 tons. By 1912, the total reached 1,200,000 tons of coal. At
present, over 10,000,000 tons of coal have been recovered by the shaft or deep mne

met hod of m ning al one. Although stripping of overburden got its' beginning shortly
after World War I, it did not beconme the dom nant form of coal mining until the early
1940's. At present, all current coal nmning in Clarion County is done by stripping.
Renoval of 70" to 100" of overburden to reach a five foot or |ess seamof coal is
common with today's equipnent. Stripping has becone so extensive in Clarion County,
that by 1969 nore than 25,000 acres or 7.0% of the ,county has been or is being
stripped. Many of these operations were run near or on the limts of previously deep
m ned areas.

Clarion County has twel ve recogni zed coal beds. Four of these seans are m ned

Coal Bed Thi ckness Wor kabl e Area
Upper Freeport 0'-6.2 11
Lower Freeport 0-7.0 20

19
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Coal Bed Thi ckness Workable Area (sq.m.)

Upper Kittanning 0-4.0 15
M ddl e Kittanning 0'-2.5 29
Upper Kittanning 1'-4.5% 139
Upper O arion 0-4.7 92
Lower C arion 2'-7.0 245
Brookville 0'-4.5 210
Mer cer ['-2.0 22

Source: Departnent of Internal Affairs, 1928 - 1961

The dom nant seans in the Piney Creek Watershed are the Lower Kittanning, Upper
Carion and Lower C arion. The Upper Kittanning, as well as the Freeport coals, have
been renoved by erosion. It is speculated that with 120' or |less of overburden in
G arion County, 1.8 billion tons of coal remain in place froman original figure of
210 billion tons. It has also been estimated that of the remaining total, approxi -
mat el y 189, 400, 000 tons are recoverable by stripping.

Most of the mine drainage pollution comes from abandoned strip and deep mi nes
where m ning was conducted before the regul ation of the industry and further aggra -
vated by m ning practices at the tine. The major cause of deep nmine pollution is the
fact that until recently the m ne openings wer e driven to the rise allowing for gra-
vity draining of water fromthe mne. |nadequate m ne design related to roof support
| ead to caving of the mne workings with resulting fracturing of adjacent strata.
This has all owed surface and groundwater to percolate into the mne workings. Mne
openings in the form of nman-ways, ventilation and supply adits were not sealed fol -
| owi ng m ne abandonnment. In regards to strip mning, nost pits were not backfilled
or planted allowi ng surface water to infiltrate through acidic spoil, settle into
i mpoundnent s and contam nate groundwater supplies. Strip mnes operating on the out -
crop of a hill frequently intersected old m ne workings and nmade no provision to re -
store the broken outcrop barrier (by backfilling or clay packing) when stripping was
conpleted. Mne and tipple refuse consisting of high sul phur material were not prop -
erly di sposed of.

As a result of these practices, regulation of the mning industry canme into
exi stence with the Pennsylvania Cean Streans Act of 1937 (PL 1987 with amendnents),
the 1963 Bitum nous Coal Open Pit M ning Conservation Act 133, the Land and Water
Conservation Act of 1967 and the Surface M ning Conservation and Recl amati on Act of
1971. Effective inplenmentation and enforcenment of these laws s hould elimnate or
control any adverse conditions resulting fromactive m ning operations. Meanwhil e,

m ne drai nage from abandoned deep and strip mnes will continue to degrade the water

quality in the area placing severe restrictions on the |Iand and water environnent.


default
20




