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COMPOSITIONAL LOGGING OF AIR-DRILLED WELLS!

W. F. HOOPER? axp J. W. EARLEY?
Pittshurgh, Pennsylvania

ABSTRACT

The mineralogical compositions of representative samples of air-drilled cuttings taken at 10-foot
intervals from two wells in the Punxsutawney-Driftwood gas field of central Pennsylvania have heen
determined by routine methods of Neray analysis. Distinct mineralogical zones were found to correspond
closely with formations and lormational contacts. Although the wells are 18 miles apart, correlations
can be made. Compositional logs of air-drilled holes are easily obtained and can be used for,interpreting
subsurface geology in the same fashion as conventional electric logs. In addition, the presence, absence, and
relative abundance of minerals yield information on the geological history of the area.

INntrRODUCTION

Mineralogical composition has been used widely
by geologists in gaining a better understanding of
problems involving sedimentation, {acies, environ-
ment, zonation, and geologic history including
metamorphism. Some workers have stressed
heavy minerals, others, clay minerals; whereas, in
fact, the entire mineral assemblage may be useful.
Most mineralogical studies have been conducted
using microscopic methods which are tedious and
time consuming. N-ray techniques developed in
the last decade or so are supplementary to the
microscope and have made it possible to deter-
mine the clay minerals. Furthermore, any crystal-
line constituent in a rock can be identified and the
approximate amount determined from X-ray
data.

Gude (1930) in a study of the Upper Cretaceous
Laramie Formation of Colorado used mineralogi-
cal composition determined by N-ray analysis to
define lower, middle, and upper intervals in this
formation and to establish the contact with the
underlying Fox Hills Formation. Similar studies
by Weaver (1938) have aided in unravelling the
geologic history of the Ardmore basin. Although
X-ray methods of studying rock samples clearly
add one component to the multivariate system of

! Manuscript received, February 28, 1961, Publication
authorized by the executive vice-president of the Gulf
Research and Development Company.

2 Guli Research and Development Company. The
writers express their gratitude to the geological person-
nel of New York State Natural Gas Corporation, es-
pecially R. N Metzler and John McFadden for the
collection of sumples used in this study and for supply-
ing information concerning the aie-drilling procedure,
The writers also thank €. Heatheote of New York
State Natural Gas Corporation for critically reviewing
the manuscript. Speeial thanks are extended to Betty
H. Smock and Scott Crawshaw of Guli Research and
Development Company, who prepared the samples for
X-riey analysis,

geologic interpretation, it has not been fully
exploited for many reasons, such as time of sampl.
preparation, interpretation of data, and cost
analysis. In some, but not all, situations. ti
geological information determined from N-rn
analyses can be gained by other less sophisticated
methods, for example, binocular examination.

Air drilling poses a new problem in obtaining:
subsurface geological information. The cutting
are, in general, fine-grained and not readih
amenable to examination by binocular method.
Megafossils and even microfossils are usualis
destroved in the drilling operation. Convention.!
electric logs can not be run unless the hole is tilled
with mud or fluid negating some of the advantaze.
of air drilling. Induction and radiation logs
possible and are becoming more widely used.

This study was conducted to determine it
feasibility of locating formational contacts and
intraformational zones based on changes
mineral assemblages. If this information could s
determined fairly accurately using strictly rou
tine X-ray methods of analysis, it would seem tha
compositional logs for air-drilled wells could b
constructed and utilized in much the same maniet
as conventional electric logs for subsurfuce e
logical studies.

LocatioN

The sites of the two air-drilled wells sefected 1
this study are shown on the index map (Fig !
Both of these wells were drilled by the New Yoo
State Natural Gas Corporation and are located
the Punysutawney-Driftwood gas field of conti:
Pennsylvania, The A, J. Palumbo well Noo ¥
situated in Huston Township, Clearficld Coust
on the northwestern fank of the Chestnut K
anticline in Section C of the Penfield Quadras:
The K. Kriner well is about 17.5 miles zoutl
of the Palumbo well and is Jocated in Bis

1870

SO




rROLEUM GEOLOGISTS
5 FIGS.. | TABLE

RILLED WELLS!

LEY?

air-drilled cuttings taken at 10-foot
| of central Pennsylvania have heen
yeical zones were found to correspond
-ells are 18 miles apart, correlations
ined and can be used for interpreting
n addition, the presence. absence, and
history of the area.

erpretation, it has not been fully
-many reasons, such as time of sample
interpretation of data, and cost of
some, but not all, situations, the
wormation determined from X-ray
be gained by other less sophisticated
- example, binocular examination.

g poses a new problem in obtaining”

eological information. The cuttings
eral, fine-grained and not readily
“examination by binocular methods.
and even microfossils are usually
the drilling operation. Conventionl
can not be run unless the hole is filled
fluid negating some of the advantayes
2. Induction and radiation logs are
are becoming more widely used.

v was conducted to determine the
" locating formational contacts and
mal zones based on changes in
nblages. If this information could be
airly accurately using strictly rou
:thods of analysis, it would seem tha
P logs for air-drilled wells could b
nd utilized in much the same manner
al electric logs for subsurface gev

LocarioN

the two air-drilled wells selected 107
shown on the index map (Fig. 1
wells were drilled by the New Yot
Gas Corporation and are located o
rnev-Driftwood gas field of centrd!
The AL S, Palumbo well No. Y
ston Township, Clearfield Count?
stern tlank of the Chestnut Ride
“ton C of the Penficld Quadranth
well is about 17.5 miles southwe!
aowell and s located in Brah

COMPOSITIONAL LOGGING OF AIR-DRILLED WELLS

1871
780" a3 <0 3 7°30°
4115, g . a8
A P;élumbo.‘g
&
f I
[~
o Dy 80IS
] RESERVOIR
S B— "
51 i
U), ider,N-752 ~ INDEX MAR
[xag] OF PENNSYLVANIA
)L_L]l REA OF
L 1 . ! REPORT
b A {1 | nannissurs,
L%J ‘ -1 2 g
! - SCALE 6 BOMILES
e A
' ,;ON‘”G SCALE 1N MILES
» % i I . T
41007 g 14100
78°50' 45 40 35 7630

Township, Clearfield County, on the northwestern
flank of the Chestnut Ridge anticline in Section I
i the Dubois Quadrangle. These wells arc along
the strike of the folds in the Allegheny Plateau.

GENERAL GEOLOGY

Rocks cropping out in the Chestnut Ridge and
Nubinsville anticlinal arca of the Allegheny
Plateau are predominantly Pennsylvanian in age,
although Mississippian rocks crop out in places
dong stream channels which dissect the folds.
These southwesterly plunging anticlines and the
amtervening Caledonia syncline have flank dips of
FO10° and amplitudes of  1,000~1,500  feet.
Reverse faulting is common in the area. Displace-
ments averaging 50-100 feet are common but
many faults exhibit displacements ranging from
U Lo 1000 feet.

Gas production in the Punxsutawney-Drift-

oo field s obtained from the Onondaga and

Uriskany Group of Middle and Lower Devonian
Ve which overlies the Salina Formation of Sithu-
s Age, The Middle and Lower Devonian inter-

F16. 1.—Map showing locations of R. Kriner well N-752, and A. J. Palumbo
well No. 9 in vicinity of DuBois, Pennsylvania.

val, usually less than 1,000 feet in thickness, is
interbedded marine shale and limestone with
sandstone at base. The Chemung Series of Upper
Devonian Age overlies the Tully Limestone and
consists of a sequence of gray shales with thin
streaks of siltstone and sandstone. Although
thinner in this area than in east-central Pennsyl-
vania, the Chemung and associated groups have 4
thickness of about 4,800 feet. The uppermost
330-300 fcet of Devonian rocks are a series of
reddish shales with interbedded red and gray
sandstones. These rocks represent the western
edge of the Catskill delta and are called the
Catskill Formation.

Mississippian rocks which have several thou-
sand feet of thickness in eastern Pennsylvaniaare
not well developed in this part of the Allegheny
Plateau. The Pocono Group overlving the Devo-
nian Catskill is composed of sands and shales,
being more shaly in the lower part. The overlying
Mauch Chunk Formation is composed of reddish
shale and gray sandstone. Following deposition of

this sequence, central Pennsylvania was uplifted
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so that part of it was removed by crosion (Ashley,
1926). However, in this study area the Mauch
Chunk Formation has a thickness of 200-300
feet.

The basal Pennsylvanian Pottsville Group,
primarily a siltstone-sandstone sequence with
interbedded coals, unconformably overlies the
Mississippian rocks, and is overlain by the
Allegheny Group. The Allegheny Group, like the
Pottsville Group, consists of interbedded sand-
stone and siltstone zones with scattered car-
bonaceous shale beds and coals. The Pennsyl-
vanian rocks in this area have been adequately
described by Ashley (1926, 1940) and Carter and
others in the Guidebook for Field Trips, Pitts-
burgh Geological Society Meeting (1959).

Saupre COLLECTION

Since the cuttings {from an air-drilled operation
arrive at the surface in the form of “dust,”” a
device had to be constructed which could split a
representative sample of the dust from the exit
flow-line as well as exclude any cavings. This
problem was adequately solved by R. N. Metzler
of the New York State Natural Gas Corporation.
The rock dust was fractionated by means of a
metal bafile enclosed within the main exit flow-
lne which diverted approximately one-fourth of
the dust into an off-shoot line. A metal box con-
taining various mesh-size, tilted, sieving screens
in the off-shoot line was used to separate most of
the cavings from the dust. It was believed that a
satisfactory test for compositional logging could
be conducted il a composite sample was collected
of each 10-foot interval penetrated. To lessen the
probability of cavings in the sample for analysis,
only the very fine-grained portion was collected.
In this geological setting, cavings can usually be
differentiated from air-drilled cuttings based
solely on size.

EXPERIMENTAL PROCEDURE

A representative portion of cach 10-foot com-
posite sample to be analyzed was ground until the
entire sample had a grain size maxima of ap-
proximately 0.04 mm. A mixture of this rock
powder and distilled water was used to prepare a
sample on a glass slide for X-ray analysis. No
dispersing agent was used to bring out the clay
minerals as a strictly routine method ol analysis
was being sought. The rock powder mixtures on
the glass stides were N-rayed and the diffraction
patterns interpreted. Monominerallic samples of
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the rock-forming minerals were examined and 11,
average intensities of certain strong diffracy
peaks were operationally defined as representatiy -
of the maximum number of intensity units f,..
that specific mineral. The intensities of the sam.
diffraction peaks of those minerals occurriny iy
the air-drilled samples were compared with i,
intensities of the reference samples. It should 1.
emphasized at this point that by using N.ruy
diffraction, all of the crystalline constituents of .
rock can be identified. Furthermore, it is impo.
sible to differentiate cementing agents from grais
by X-ray analysis. In this study any rock vicldin.
greater than 10 intensity units of carbong.
minerals was called a carbonate rock, whereas
those rocks vielding less than 10 intensity units
carbonate minerals were arbitrarily Interpretest .
detrital rocks containing carbonate cement sinc
it is known that the rocks in this stratigraphu
sequence are well cemented. However, it should
be remembered that small amounts of carbonate
minerals could be partly attributed to fow.
fragments and(or) fracture fillings. The approxi
mate amount of each mineral species in vuch
sample ‘was calculated from diffraction peak
tensities and the data entered on IBM cards i
processing in the IBM equipment. The resalt
were printed out in the form of a mineral com
positional log showing the mineralogy ol v
10-foot composite sample in order procevdin:
down the borchole. This method was used o ths
similar mineral assemblages could be easily

quickly delineated by visual inspection i
correlatable zones. By comparing the stra

graphic interval represented by these zones v

the formational “tops’ picked in the test well- i
personnel of New York State Natural s
Corporation, it wus observed that the mit:
alogical zone boundaries were either on or v
near the formational contacts. By using

mineral assemblages, it became apparent that

AL J. Palumbo well No. 9 could be correlated =
the R, Kriner N-732 well,

INtERPRETATION OF MINERALOGICAL Dath

Inspection of the “compositional log™ (112
produced by the TBM equipment suggestod
mediately the possibility of differentiating >
stones, siltstones, and shales on the basis o
refative abundances of quartz as detenmine
peak intensities. The intensities of certain it
tion peaks of quartz were plotted against Qo7
in the form of a horizontal bar graph (Fix 21
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GULF RESEARCH~ TEST OF MINERAL TYPE LOG

AREA  OPERATOR WELL STATE CTY TWSHP RANGE  SEC
000001 NY SNGC KRINER PENN CLFD BROY ol
QUARTZ CALCIT. DOLOM
/XXXX XXX/
XXXXX X
/XXXX X/
/XXXX x/
/XX XXXXXXX/
/XXXX XX
/XXXX XX/
7XXXX X/
6570' /XX XX
XXXX XXXX
XXXX XXX/
/XXX XXXX /
XX XXXXXX
. /XXXXX /
% /X% XXXXX/
< /XX XXXXXX /
B XXXXX X 7
/XX XXXXXXX/
XXX XXXXX XX/
/X XXXXXXXX
XX XXXXXX
. /XX XXX/ /
6700 TRXXN X7
/XXX /
7/ XXXX / /
/XXXXX /
XXXXX X
XXXX /
//xxx XXX
/XXX X/
XXXX X/
/XXX X
XXXX XX/
/XXXX X/
z /XXXX /
2 /XXX /
3 XXX XXXXXXXK
= /XXX /
g XXXX /
7 XXXX /
XXXXXX X/ /
XXXX X /
/XXX XX
/XXX X/
/XXXX X
XXX X
/XXX X/
/XX XXXXXXX/
XXXX /
6980" AXXXX X
XXXXX X /
/XXXX / /
8 XXXXX X /
3 /XXXX X
w XXXXX X /
Q /XXXX X
g /XXX Xx/ /
/XXXX X /
/XXXX / /
7080’ /XX%X /
/XXXX XX /
/XXX X
o /XXX X
) XXXXX X/
a /XXX %% /
s /XXXX X/ /
Z XXXX XX /
XXXX XX/ /
/XXXXXXX
via0' XXXXXX /
N NXXXXXXX X
5 I XXXXXAXKK /
X XXXXXXXX /
3 XXXXXXXXXX /
7 XXXXXXXXX X
T0

Fro. 2.—Compositional log produced by IBM,
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INTENSITY UNITS OF CLAY MINERALS
MIXED KAOLINITE CHLORITE
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I.¢. 3.—Diffraction data for Pottsville formation in Kriner well N-752.

the Pousville Group of rocks in the Kriner well.
Shale was arbitrarily defined by those samples
yickling peak intensities for quart of 25 units or
less; siltstones, 23-30 units; and sandstones, more
than 50 units. From the variations in the inten-
gities of the diffraction peaks for quartz it is clear
that the abundance of quartz can be used to
delincate sandstone, siltstone, and shale,

Thus, a definite cyelical pattern of sedimenta-
tion is apparent in the Pottsville Group in the
vicinity of the Kriner well, From the mineralogical
assemblige it is possible to determine the transi-

tional or non-transitional nature of the upper &

lower boundaries of the sandstones and i
association with the adjacent lithologic Ui
A plot of the intensities of certain difiract.
peaks for the clay minerals in each sample as
depth (Fig. 3) was made to determine whethe?

“not specific clay minerals were associated

specific lithologic types, By assuming 10 units
intensity as representative of the total day b

tion, it was found that specitic clay minerals

not_confined to one lithologic type, It is emt

sized that the units of intensity in the plots Sl
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i Figure 3 are ratios of the peak intensities rather
than absolute peak intensitics,

The clay minerals of the penetrated sequence
m cach well are illite, chlorite, and kaolinite.
Although the geologic significance of the clay
mineral assemblage found in a single sample is
ohscure, systematic variations in occurrence and
relative abundances of clays through rock se-
quences arc commonly indicative of geologic
history. In the geologic situation being considered,
1 plot of the ratios of diffraction peak intensities
jor illite to kaolinite, plus chlorite versus depth,
jor the Allegheny Formation in the two wells
g, 4), suggests that significant variations in the
ratios exist intraformationally and may be associ-
ated with the depositional environment and sedi-
mentary pattern of the Allegheny Formation. In
view of the clay mineral relations, this interpreta-
tion seems valid but it must be realized that
viriations in clay mineralogy may be due to
wource, weathering conditions, environment of
deposition, diagenesis, or some combination of
these factors. In a vertical sequence where sys-
tematic variations in mineralogy occur, differing
~edimentary environments should be suspected.

Murray (1933) studied a suite of Pennsylvanian
«hale samples from Indiana and Illinois which had
heen genetically interpreted as marine, brackish,
and non-marine, He found that the ratio of illite
to kaolinite-chlorite increased progressively from
non-marine through brackish to marine environ-
ments, His findings substantiate the recent sedi-
ment study of Dietz (1941), who found that illite
i the predominant clay mineral most distant
lrom shore, whereas, kaolinite was found near-
shore, Other recent sediment studies by Grim and
Jolms (1953) and Powers (1933) show that the
ay minerals, whether kaolinite or montmoril-
lonite, react similarly  when  contacted  with
marine water, These authors found that chlorite
ad illite begin to form from clays introduced into
Cealine environment; kaolinite and montmoril-
inile occurred only in those sediments nearshore,
thereas, chlorite was identified in the brackish-
rater zone near the river mouth, Further, they
“ported that illite was found to be the predomi-

tit clay mineral most distant {from the shore and
ctoposed that it was formed under open marine

snditions where the sedimentation rate is slow
Sul time permits extensive reaction with clay
saterial hefore burial to Torm illite. These studies

Uredimentary environments suggest the follow-

W generalities: (1) kaolinite occurs most abun-

dantly in rivers and arcas nearshore, (2) chlorite
tends to form very soon after coming into contact
with sea water and as a result is more abundant in
a ncarshore marine environment, and (3) although
illite probably begins to form upon contact with
sca water, it apparently {orms at a slower rate
and would be predominant in areas where the rate
of sedimentation is low usually some distance

{from shore.

These observations based on both recent sedi-
ments and ancient rocks, suggest that an increase
in illitc to kaolinite-chlorite ratios indicates a
change to more open marine conditions. However,
caution must bhe exercised in applying this theory
as clay minerals in coarse-grained sediment may
vary extensively from those deposited as a result
of diagenesis promoted by fluld movement aiter
burial. Fine-grained sediments which become
relatively impervious alter burial, compaction,
and cementation do not tend to be modified in
this manner as shown by Milne and Earley (1938),
Grim (1933), and Powers (1933).

Ii the clay minerals are attributed to deposi-
tional environments, it follows that the relative
abundance of these minerals may be indicative of
transgressive-regressive shoreline conditions. In
combinations they may also suggest direction of
an ancient shoreline. Application of these general-
ities to the data plotted in Figure 4 suggests that
the Allegheny Formation of the two wells is a
product of fluctuating shoreline conditions.

Since the majority of sedimentary rocks con-
sists of sandstone, siltstone, shale, limestone, or
combinations of these, Figure 5 was constructed
to show how mineralogy was used to define these
different lithologic types. By plotting the diffrac-
tion intensity units of calcite in each sample it is
casy to delineate calcite-cemented rocks from
limestones as previously defined. The diffraction
intensities for calcite and quartz for each sample
from within the lower part of the Chemung and
associated series to the bottom of the Kriner well
are plotted in Figure 5. The intensity units for
quartz are used to define sandstones, siltstones,
and shales within this interval following the same
method as desceribed previously for Figure 3.

Following this mineralogical classification of
the samples, the plotted part of the Chemung and
associated  series  consists  predominantly  of
calcarcous siltstones with one shaly unit und
three limestone zones. As all of the samples from
the two wells are 10-foot composites, the abun-
dances represent the mean mineridogy for that
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F1c. 4.—Diffraction intensity plots of kaolinite plus chlorite to total clay as function of depth
where total clay includes kaolinite, chlorite, and iflite,

specific 10 feet of rock. It would be incorrect to
state that a limestone bed 10 feet in thickness
oceurs at 6,520 feet in the Kriner well but rather
that this zone contains rocks which have a large
amount of calcite. The Tully Formation consists
predominantly of limestone with two calcareous
siltstone zones, whereas the Hamilton Forma-
tion consists of calcarcous siltstone with three
calcarcous zones. The Marcellus Formation is
composed of calcarcous siltstone with one minor
calcarcous zone. The Onondaga Formation con-
sists of calcarcous siltstone-shale, except the hasal
20 feet, which contain abundant silica and rep-
resent the Onondaga Chert. The Oriskany Forma-
tion is represented by a very quartzose sandstone
unit which has caleite cement in its lowermost
10-foot composite sample,

ForyaTiONAL COMPOSITION

A brief stratigraphic description ol the vari:
formations penetrated and their composttios:
constituents follows. The borcholes are rep™

sented as lithologic logs in Figure 0.

ALLEGHENY FORMATION
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This sequence consists of yellow sandstones,
siltstones and shales, and a small amount of v
and carbonaceous material. Buased on mineral
two well developed sandstone units were
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cally) sandstone is very clean (03950, quat
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QUARTZ INTENSITIES CALCITE INTENSITIES

DEPTH l N
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643040
6440~30
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/ esi0-20

——— it e ek
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€560 70
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6620-6700
6700-10
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672030
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8780 -8%0
6790-8800
§800~ i0
6810 =20
€820~ 30
6830 -40
6840 -30
6850-80
8860-70
€870-80
$§800-~F0
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6910 ~ 20
6920 -3Q
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e350-60
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69907000
7000~ 10
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7020~ 30
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Y050~60
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7070-80
7080~ 90
7090-7100
100~ 10
7410 =20
Ti20-30
7130 -~ 40
1140 -80
7180 -80
ri60-70
Y70 -80
Ti80-%0
11%80-7200
TROO0 - O
Y210 ~20
720 -30
7230-40

CHEMUNG & ASSOCM\TED1
SERIES (LOWER PORTION)

TULLY FORMATION

HAMILTON FORMATION

leSKANY{ ONONDAGA IMARCELLUS

“ 8 Quartz and caleite abundance based on Xeray diffraction intensities in lower part of Kriner well N-752,
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and is non-calcite-cemented; whereas, the lower  minerals in the upper sandstone (Kriner weli .
sandstone has caleite cement near its upper sur-  dominantly kaolinite with subordinate "
face and contains varving amounts of interstitial - whereas those in the lower sandstone @t P

clay. These sandstones also contain smadl amounts
of plagioclase and potash feldspar. The shales and
siltstones in both wells are calcarcous, being
cemented with 5-33 per cent caleite, The cay
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siltstones of the Allegheny Group are pret 2o 77
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Laolinite, chlorite, and mixed kaolinite-chlorite.
vfost of the shaly zones in the Allegheny Group
4lso contain varying amounts of apparently non-
crvstalline material which may be amorphous
\ii'icu. One unique difference between the two
wells is that a very distinct 10-foot limestone
ane was found in the Kriner well in the Allegheny
Lyt no limestone was detected in the same zone
- the Palumbo well.

Depositionally, this part of the Allegheny
probably represents fluctuating marine, brackish
and non-marine environments. The marine part
. evidenced by the occurrence of alternating
coarse and fine to very fine detrital material con-
rsining chlorite and illite clay minerals. One pulse
+ carbonate sedimentation in the area of the
Kriner well supports this view of marine condi-
nons. Coaly beds indicate the existence of non-
~urine phases operative during deposition of this
ok sequence,

POTTSVILLE GROUP

¢ The Pottsville Group is represented in both of
the wells by an interval of rocks consisting of
Jternating siderite-rich, tan-gray, to gray sand-
tone and shale-siltstone zones. Siderite occurs
‘hroughout this zone in the form of concretionary
i+ ilets, nodules, and prominent layers. The sid-
<iite content appears to be highest in the siltstone
wones and lowest in the sandstone zones. This
one is unique in both wells in that this is the
sy penetrated group which has an ubiquitous
derite distribution. Five prominent sandstone
“nts were encountered in the Kriner well, where-
< only two were observed in the Palumbo well.
iHiwwever, there are numerous less prominent
sulstone units in the Pottsville interval in the
“dumbo well, Al of the well developed sand-
fones in both wells, excepting the uppermost one
“the Kriner well are similar mineralogically in
b they contain only sporadic oceurrences of
deite cement and their dominant interstitial
v s dllite with subordinate amounts of kaolin-
P el chlorite, The shales and siltstones oc-
frng between the sandstones in both wells show
dring amounts of caleite cement, magnesian
veite cement, and traces of dolomite cement, In
iion, there appears to be an increase in caleite
fent upward regardless of lithology in the
“tville Group of the Kriner well. Plagioclase
" potash feldspar occur in small quantities

"“'*‘ﬂ‘“ml the entire Pottsville interval in both
= with the exception of the well developed
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sandstone zones. It, therefore, appears that dur-
ing those times of coarse clastic (sand) deposi-
tion the amount of detrital feldspar was at a
minimum. The clay mineralogy of the shales and
siltstones of the Pottsville is dominantly illite
with subordinate amounts of kaolinite and mixed
kaolinite-chlorite. One exception to the homo-
gencous clay minerialogy of the Pottsville is the
occurrence of chlorite in this Interval of the
Palumbo well, but not the Kriner well.

A cyclical form of marine to non-marine sedi-
mentation in the Pottsville sequence is suggested
by fluctuating occurrences of illite, kaolinite, and
mixed kaolinite-chlorite clay minerals. The side-
rite concentration in the Pottsville group may be
attributed to diagenetic processes operating
within a reducing environment; thus, iron-rich
salts were reduced by organic compounds to form
siderite. Wood f{ragments and coaly material
were observed associated with siderite in the fine-
grained shales and siltstones.

MATUCH CHUNK FORMATION

The Mauch Chunk Formation was observed in
both wells and lithologically consists of light gray
sandstones interbedded with pink, purplish, and
light gray shales and siltstones, No well defined
sandstone units were observed in the Mauch
Chunk interval in the Palumbo well, but three
sandstones were detected in the Kriner well.
These sandstones contain sporadic occurrences of
calcite cement, small amounts of plagioclase,
potash feldspar, and varving quantities of inter-
stitial illite and chlorite. Small amounts of siderite
occur throughout the Mauch Chunk and appeur
to be concentrated mainly in the shale and silt-
stone intervals. Material which is apparently
non-crystalline occurs, usually associated with the
siderite zones, throughout the formation with no
regard for lithologic boundaries. The clay Irac-
tion of the shales and siltstones is homogeneous
throughout the formation in both wells, consisting
predominantly of illite and chlorite. A portion of
the fine-grained zones shows primarily caleite and
magnesian caleite cement and minor dolomite
cement. All of the shales and siltstones contain
small amounts of plagioclase and potash feldspar,

The mineralogy of the Mauch Chunk seems to
support the findings of Swartz (1953) that these
rocks represent subacrial deposits of a low delta
plain, formed under conditions of marked sea-
sonal rainfall. The reddish color of this sequencee
of rocks, undoubtedly due to the oxidized state

v o AT i
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of iron, is in agreement with Swartz’s interpreta-
tion of subaerial deposition of the sediments,

POCONO FORMATION

The Pocono Formation consists lithologically
of thin (less than 20 feet) gray sandstones with
intervening dark gray shales and siltstone zones.
Calcite cement occurs throughout the entire in-
‘terval but is more abundant in the upper third of
the formation. An impure limestone zone was
encountered within this interval in the Palumbo
well. The lower two-thirds of the Pocono rocks
contain about equal amounts of sporadically
distributed calcite and dolomite cement. Plagio-
clase and potash feldspar occur in small quanti-
ties in all of the samples, regardless of lithology.
Material, apparently non-crystalline, occurs
sporadically scattered, throughout this interval
but appears to be mainly associated with the
sandstones and sandy zones, Siderite occurs
scattered throughout this formation and does not
appear to show any preference for specific litho-
logic types. The clay mineralogy of the Pocono
Formation is very uniform, the sandstones con-
taining the same types of clay minerals as the
siltstones and shales. The fine-grained iraction
consists of illite and chlorite in approximately
equal proportions with traces of kaolinite and
mixed chlorite-kaolinite.

Based on the abundant plant fragments and
coaly material in the Pocono rocks, it seems that
these sediments were probably deposited upon a
low delta-like surface which was acquiring its
sediments from streams. The clay minerals
found in these rocks also suggest subsequent
burial of a subaerial fluvial plain.

CATSKILL FORMATION

The Catskill Formation, as observed in the two
wells, lithologically consists of an upper red
shale with alternating red and light gray to green
sandstones, siltstones, and shales, Most of this
sequence of rocks consists of shale and has a very
striking red color.

The sandstones are located mainly near the
middle of the formation and contain a significant
amount of dolomite and calcite cement, Dolomite
predominates in the Kriner well, whereas caleite
cement is much more abundant in the Catskill
sandstones of the Palumbo well. Thin sandstone
units are much more apparent and abundant in
the Kriner well than in the Palumbo  well,

W. F. HOOPER AND J. W. EARLEY

Plagioclase feldspar was found in small amay-..
in all of the samples, whereas potash felido
occurs sporadically. Material which is apparer; -

non-crystalline occurs in  varving amoyg
through the formation but tends to he ;

closely associated with the sandstones than -

the fine-grained rocks. The clay minerals ¢

posing the matrix of the sandstones are the -
as those in the shales and siltstones: primuy:

illite, subordinate chlorite, and traces of miv
chlorite-kaolinite. Small amounts of kaoli: -
were also found sporadically distributed thro:.
out the Catskill rocks in the Palumbo well. ¢
cerning the relative abundances of clay mine:

in the Kriner well it is interesting to note ¢’

the upper half of the Catskill contains a vrer -

amount of chlorite than does the lower

whereas the chlorite content of the same inters .

in the Palumbo well is relatively constant.

The mineralogy, clavs and non-clays, of :
Catskill Formation appears to be character
both in distribution and occurrence of a visi |
delta.

CHEMUNG AND ASSOCIATED GROUPS

Those rocks representing the Senecan
Chatauquan Series of Upper Devonian time :
considered together since they form a hom
neous lithologic zone. The interval is comms
referred to by drillers as the “Devonian shik
and appears to occupy approximately the s
stratigraphic interval as the Ohio shale of
Ohio Valley. Lithologically this zone cov~-
primarily of light gray shales, secondurii:
light gray siltstones, and minor occurrence
thin, light gray, fine-grained sandstones. A b
thin argillaceous, dark gray, hard limestone #
were also observed, mainly in the Kriner
Small amounts of plagioclase feldspar were
tected throughout the sequence, Potash il
and small amounts ol siderite occur sporaidits
Calcite cement is dominant throughout ti -
tion, but small amounts of dolomite, calcit
mite, and magnesian calcite cements are
present. The majority of the samples conts
calcite and (or) dolomite cement in v
amounts with a gradual increase in caleite !
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stone zones which are approximately 1057

|
g

e s




LEY

ispar was found in small amoun
samples, whereas potash feldsp:
ally. Material which is apparent’,
. occurs in varying
ormation but tends to be mag
ted with the sandstones than wis
.d rocks. The clay minerals con
trix of the sandstones are the <un
¢ shales and siltstones: primart

amount.

wate chlorite, and traces of mi

ite. Small amounts of kaolin:
d sporndically distributed throus
i1 rocks in the Palumbo well. Co

lative abundances of clay minets’.

well it is interesting to note

{ of the Catskill contains a great

Worite than does the lower hu

Morite content of the same intervd

jo well is relatively constant.

dogy, cays and non-clays, of

iation appears to be characten

¢ ot hin
bution and occurrence of a vastt

‘NG AND ASSOCIATED GROUPS

ks representing the Senccan .
Series of Upper Devonian time
aether since they form a hones
ic zone. The interval Is comnie
- drillers as the “Devonian sk
lo occupy approximately the -
interval as the Ohio shale ot
Lithologically this zonc coie
light gray shales, secondarii
stones, and minor occurreit
v, fine-grained sandstones. A
us, dark gray, hard limestone
srved, mainly in the Krinee
s of plagioclase feldspar woir
out the sequence. Potash :«:i:
unts of siderite occur sporis =
is dominant throughout IA’Hv'
amounts of dolomite, calue
mesian calcite cements @Y
ujority of the samples cont
r) dolomite cement in> vl
gradual increase in calonte
t the middle of the sequeies’
erlying Tully Limestone. Y
ng features observed oo
5 this sequence is the thi

b are approximately 108

H
i

COMPOSITIONAL LOGGING OF AIR-DRILLED WELLS

shickness and vary from 65 to 90 per cent calcite,
he calcic dolomite and magnesian calcite zones
L cementation in this inferval appear to rep-
«esent definite units, but their significance is not
nown because of the lack of stratigraphic data
¢ the rocks comprising the interval between the
Catskill and Tully formations. The clay mincral-
o2y of this rock assemblage is homogencous, con-
ouing of illite and chlorite in approximately
ol proportions with small amounts of kaolinite

onl mixed kaolinite-chlorite occurring in thin

aoll defined zones,

Based on the mineralogy of these samples, it is
wpparent that marine conditions were prevalent
Juring this time, with fine-grained detritus the
dominant sediment. The thin limestone zones
aeest short periods during which dastic sedi-
sientation was very low,

TULLY LIMESTONE FORMATION

The Tully limestone formation, lithologically,
 composed of dark blue to black, dense, marine
tmestone. However, two separate minor sand-
~tone units were observed in this zone in the
Kriner well, Texturally, the Tully Formation is
tenaceous, argillaceous, very fine-grained lime-
sone with minor amounts of dolomite. Traces of
itudoclase were found scattered through the
cwmation. The clay mineralogy of the Tully
“nation consists of illite and chlorite, with the
lorite slightly more abundant.

Based on lithologic characteristics, distribu-
“onof minerals, texture, and color of these rocks,
< likely that the Tully Limestone was deposited

«ler conditions essential for a restricted marine

~ironment. However, the lithic change and in-

e in thickness, from 40 feet in the area of the
“dumbo well to 130 {eet at the Kriner location,
sy in this

“n The two thin sandstone zones in the Tully

“one of the Kriner well apparently represent

“ives of clastic material, with only a very small

antoof caleite accumulated  during  their

teoeition, .

that conditions were variable

HAMILTON FORMATION

e Hamilton Formation consists of calcarcous
Cx o toogray shales, siltstones, and some thin
stidstones and limestones. Most of the
" this interval contain caleite cement in
Samounts, up to 30 per cent; however, a
“unit in the Kriner well is void of caleite
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but contains dolomite cement. Small amounts of
plagioclase fekdspar are uniformly distributed
through the formation and sporadic occurrences
of potash feldspar were also observed. Varving
quantities of apparently non-crystalline material
occur in these rocks and appear to be concen-
trated mainly in the lower half of the formation.
The limestones are dense, black, arenaceous, and
non-transitional with the surreunding rocks. The
clay minerals in the rocks are predominantly
illite and chlorite with minor occurrences of
kaolinite and mixed kaolinite-chlorite in the
Palumbo well.

Because of the presence of the thin marine
limestones, black calcareous shales, siltstones, and
sandstones, it scems that the Hamilton rocks rep-
resent marine conditions during which time the
influx of clastic material varied from appreciable
to negligible. The clay mineral assemblage is also
suggestive of marine conditions.

MARCELLUS FORMATION

The Marcellus Formation was penetrated in
both wells; however, sampling was discontinued
within this unit at the Palumbo well. Therefore,
the base of the Marcellus is not known in that
location. Lithologically the Marcellus rocks con-
sist of very calcareous, black shale and siltstone,
with the shale relatively more abundant, All of
these rock samples contain calcite and dolomite
cement in varying amounts as well as small
quantities of plagioclase feldspar. Traces of
potash leldspar were observed in a few of the
samples. Amorphous material was not observed
in any of the Marcellus samples. This lack ol oc-
currence is interesting since the overlyving rocks
of the Hamilton are similar but contain an abun-
dance of amorphous material. The clay mincrals
in these rocks are illite and chiorite in about equal
proportions,

Based on the preponderance of black, fine- to
very fine-grained clastic material in these rocks
and the clay mineral assemblage, it scems that
marine conditions existed throughout this time.
The same type ol sedimentation existent in
Marcellus time appears to have extended into
Hamilton time.

ONONDAGA FORMATION

The Onondaga Formation in the Kriner well

consists of an upper, very clacarcous shale and
limestone zone and a lower siliccous zone, rep-

S R
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TABLE [

Diagnostic Minerals Used in

Lithologic Character of Formations Based

Formation Correlating “Zones" on Total Mineralogy
Allegheny Consistent siderite zone begins at base Alternating sandstones, siltstones, and shales «.:
High chlorite content minor coaly beds. Thin limestone zone in K.
well
Pottsville Consistent siderite zone Alternating sandstone, siltstone, and shale

Abundant mixed kaolinite-chlorite

Mauch Chunk
Kaolinite scarce below this zone

Pocono Siderite zone
Mixed kaolinite-chlorite reappears
Catskill Red color dominant

No kaolinite
Zone of mixed kaolinite-chlorite
Siderite zone ends at top of unit

‘Thin kaolinite zones
Thin limestone zones
Potash feldspar decreases below

Chemung and
Associated Series

Tully Lithologic change to limestone
Dolomite-free zone

Kaolinite absent
Mixed-kaolinite-chlorite absent
Hamilton Lithologic change to shale
Thin dolomite-cemented zones
Thin limestone zones
Marcellus Kaglinite absent

Decrease of potash feldspar
Mixed-kaolinite-chlorite absent

Limestone zones
Chert zone

Onondaga

Oriskany
Decrease in clay abundance
Decrease in cementation

Siderite both above and below this unit

Lithologic change to pure quartz sandstone

Sandstones, pink shales, and siltstones

Sandstones with intervening shales and siliston,.

Small amount coaly material

Red shale and siltstone, few sandstones

Gray shales, siltstones, and scattered sandston
Few thin limestone beds

Black limestone with thin sandy stringers o

Kriner well

Shales and siltstones with minor sandstone we

limestones

Shales and siltstones

Upper calcareous shaly zone, lower chert zone

Sandstone

resentative of the Onondaga chert. The calcare-
ous part of this formation is grav-hlue to black
and comprises about three-fourths of the forma-
tion. The cherty part is very hard, black, dense,
and comprises mainly the basal fourth of the
formation.

In order that visual examination of the
Onondaga chert could be conducted, outerop
samples were collected and thin scctions pre-
pared. Analysis of these thin sections revealed
that the chert was originally a black, marine,
silty shale which was silicified sometime {ollow-
ing deposition, X-ray examination of the silty
shale revealed that it was composed of illite and
chlorite. According to J. McFadden (verbal
communication) of New York State Natural Gas

Corporation, there is a thin hentonite called t

“Fioga metabentonite” overlying the Ononde
formation in the Punxsutawney-Driftwoml 2
which may have been the source of silica for!
development of chert. However, this bentis
zone was not detected in this study.

ORISKANY FORMATION

The Oriskany Sandstone formation wie

f

sl

objective “pay” for e¢ach of the two study #
in the Punxsutawney-Driftwood gas fichd.
Oriskany is an cxcellent example of 2
orthoquartzite, which in this locality i I'-”"‘
cemented by small amounts of dolomite.
only calcite cement observed was in the lo
most sample which is not basal Oriskany i’
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omewhere within the sandstone body. No feld-
spar was observed in the Oriskany Formation and
v small amounts of clay, illite and chlorite,
aere found in two of the samples.

The monominerallic character of the Oriskany
andstone and the near absence of fine-grained
material suggest that these rocks probably rep-
resent the detritus obtained from the reworking
and winnowing of previous sandstones. According
o Pettijohn (1937), orthoquartzites such as the
Oriskany are the product of relatively quiescent
rectonic conditions operative during peneplana-
non or near peneplanation. Our findings suggest
that these conditions prevailed during Oriskany
wiimentation, in agreement with those of Petti-
john.

CORRELATION

As the test wells are located about 18 miles
apart, precise correlation based on mineral zona-
non scemed unlikely., A partial listing of the
viteria used by the writers for defining forma-
tonal tops and also in establishing correlatable
mineral assemblages is shown in Table I under
“Diagnostic Minerals.” It is realized that some of
the apparent thickening and thinning of various
mmeralogical zones may not correspond with
tormally named formation boundaries as it is
poenible that specific mineral-forming and dep-
sofional environments may have crossed bio-
Datigraphic boundaries. Therefore, the zones
Ielineated by mineralogical data should be called
‘mineralogical zonations” rather than forma-
fions, The term formation was used, however, as
veonvenience to the writers in coordinating this
tudy with other geological investigations,

CoNcrLusioNs

I was Jound that the mineralogical zonations

teibon Xeray analysis of the samples from the
YL Palumbo well No. 9 closely correspond with
e for the R. Kriner N-732 well. Therefore,
Sy analyses of samples from air-drilled wells
cihe effectively utilized in constructing a

"of the well so that formational contacts
Vo be docated. Tt was also observed that the
“ralogical zonations for these wells closely
“eponded with those Tormational contacts
“rmined using other criteria. 1t s believed
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that construction of a compositional log is less
time-consuming and gives considerably more pre-
cise geological information than the conventional
lithologic strip log. It is also apparent that by
using N-ray mincralogy much more information
can be obtained about the lithologic sequence
than by binocular examination. Furthermore,
compositional logs serve as an aid in interpreting
environments of deposition. One of the most im-
portant conclusions which can be drawn {rom this
study is that clay minerals, easily identifiable by
N-ray, can be used as an aid in interpreting
genesis, source areas, and geological history of the
rocks. Thus, the entire mineralogical composition
of cuttings can be used to gain subsurface geo-
logical information.
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