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UPPER DEVONIAN SEDIMENTATION IN SUSQUEHANNA COUNTY
AND ITS APPLICATIONS IN THE PREDICTION AND MINING OF FLAGSTONE
‘ by
Stephen A. Krajewski and Eugene G. Williams

(Pennsylvania State University)

INTRODUCTION

General Statement
This research was initiated by the Small Industries Research (SIR)
group of the Pennsylvania State University and the‘Pénnsy]vania |
B1uestoné Association to investigate and answer many of the geologic
questions concérning the origin, occurrence, and properties of Pennsyl-

vania flagstone. It presents a discussion of the geology, composition,

texture, and physical properties of the flagstones. Its aim was to
provide for the quarrymen and those.interested in the technical
aspects of flagstone production and utilization a basis for a better
undekstanding of the flagstone resources of Pennsylvania and of the
properties of the flagstone that affect their discovery, development,
and use. Material for this guidebook was taken from a Master's thesis
by Stephen Krajewski which was presented to the Department of Geo-

sciences of the Pennsylvania State University.

Glaeser (1969) made a preliminary study of the flagstone deposits

in Susquehanna County. He interpreted most of the flagstone as beaches

and recognized the significance of overburden relationships as a basis
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for quarry classification. In addition, he used parting 1ineation

and flagstone deposit geometry as a basis for increasing mining
efficiency. His'work was not of sufficient detail to have significant
predictive value. This was the principle objective of the present

research.

The Flagstone Units

Although conéiderable‘variability in the composition, texture,
and color of the flagstone was observed while visiting many of the
producing QUarr{es, all were found to be dense, compact sandstones
in deposits between one and twenty feet thick which split (part) along
well defined b]anes of weaker cohesion that were parallel to the
original bedding; therefore, the flagstones can be mined in large
slabs or sheets which have a very smooth upper and Tower parting
surface. (This type of bedding is called planar, horizontal bedding.)
When a ]dyer of the flagstone Was traced laterally within the

deposit, it commonly wedged or pinched out.

Usually within the upper layers of the deposit, the partings

develop naturally. As the overburden thickness increases, the partings

become less pronounced. In most deposits, however, the flagstone can
be split along certain dark streaks, or reeds, which are also parallel

to the parting surfaces.

Each s]ab'qr sheet of flagstone was found to genefa]]y have a set

b ‘ 5 i
of parallel ridges and depressions on the parting surface. These are

referred to as the grain direction by the quarrymen, and as the parting




lineation by the qeologist. This characteristic is a result of
the alignment of the elongate grains within the stone with their long
axes parallel; therefore, providing another inherent weaker zone

along which-the stone can be broken (Allen, 1964).

It is these qualities that have made the flagstone valuable as
a dimenstion stone, and it is also these properties that provide the

key to the origin of the flagstone.

Flagstone is a commercial name for a variety of sandétone having
properties sufficiently characteristic and distinctive to juétify in
recognition as a éeparate type of dimension stone.  The term was |
first applied to certain "bluish" colored sandstones quarried in U]ster
County, New York in the mid to late 1800'5; With the development
of the industry, it was found that stone of similar character was
abundant in various other localities in New York and Pennsylvania.

Today, most of the flagstone is produced in Pennsylvania from Susquehanna
County with minor.amounts being quarried from Wayne, Bradford, Wyoming

and Lackawanna Counties (Figure 1). Production of the stone has been
gradually dec1iniﬁg as a result of the inability to locate and efficiently
mine new economic deposits of flagstone to meet the current and future

markef demands.

_ STRATIGRAPHY .
Bradford Willard (1939) presented a sketch map, Figure 2, to

i1lustrate the paleogeography of Pennsylvania in Upper Devonian time.

His map presented an “"early Chemung shoreline" which essentially

Y
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represents the boundary of the marine facies to the west (the Chemung
and Portage), and, the dominantly continental facies to the east (the
Catskill). The river systems presented on this diagram are diagramatic;
however, the location of the southwest to northeast‘trending shoreline
was define& on the presence or absence of marine fossils so that the
map does have substantial validity. The study area is Tocated at

this contact.

MARINE FACIES

0 ( 80
miles

Figure 2. Sketch map to illustrate the position of the early
Chemung shoreline. (adapted from Willard, 1939)




The second trend in the rock units that can be observed from
Figure 3 is that the continental units extend, or prograde, over the _
marine facies. This would indicate that the "Chemung shoreline" 7

with its respective associated sedimentologic environments migrated

westward during the Upper Devonian time.

Because this "Chemung shoreline" is expressed in the area, it

is reasonable to conclude that it was prograded by more Tandward

facies of the Catskill and that this Tandward facies would contain

sediments of tida1 flat or lower delta plain origin. In the
classical stratigraphic terminology of Wwillard (1939) this landward i‘
facies was called the New Milford. It occurs stratigraphically above ;

and passes westward into rocks referred to as marine upper Devonian

deposits in this.héport (i.e., the Chemung). The New Mi]ford of Willard

T
s

reaches a thickness of 400 to 500 feet and is best expressed around the

town of New MiTford in Susquehanna County. It consists largely of green

%l

to grayish-green;_cross-bedded, flaggy, sandstones. It‘has; however,

a basal red shale member and a thin, local limestone at the top. A

more detailed breakdown of the New Milford is as follows:

| 5

Member ‘ Thickness =
Luther's Mills Coquinite variab]é ;j
New Milford Upper Sandstone 20 feet €
New Milford Middle Sandstone and Shale 300 feet
New Milford Lower Sandstone 20 feet
New Milford Red Shale 100-200 feet

6
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The upper two units contain totally marine fossils; however, the
lower three units contain abundant marine and land plant fossils
indicating a transitional and probably fluctuating marine to fresh
water environmént. It is this formation which is exposed over much

of Susquehanna County, Figure 4, and from which almost all of the

flagstone is produced.

.The remaining members of the Catskill above the New Milford do
not reiafe to this study and a complete discussion of them may be
found in Wijlard (1939). This study is not concerned with the many
stratigraphic complexities which exist because of’the.intertonguing
between the subaerial deposits (Catskill) and marine deposits (Chemung)
in the upper Devonian of the region. Several studies now in progress
or recently pub]ished'have shown that it is necessary to establish a
iocal rqck-stratigraphic framework suitable for mapping in a given
area, (Woodrow, 1968; Fletcher and Woodrow, 1970;‘Sevon,_G]aeser
and Epstein, in press). In addition, Glaeser (1969 énd in press) has
recognized that stratigraphic units of regional significance have
distinctive environmental origins and can be recognized in both surface
and subsurface sections. It is clear from the amount of work presently
in progress in upper Devonian sedimentary rocks of:New York and

Pennsylvania, that stratigraphic terminology is in a state of flux.

Origin of the Flagstone
Planar bedding and parting lineations can only be produced by

water currents that are undergoing high regime flow. (Allen, 1970).

This means that the water flowing over the sediments is traveling very
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rapidly in essentially a straight line so that it is experiencing very

Tittle, if any, turbulence. This is shown in Figure 5A. These flow
conditions can only be produced under certain hydraulic conditions
within specific enviornments. If these flow conditions are

operating to a lesser degree, of if they are exceeded, the sediments

will not be deposited in planar beds but in cross-beds that form as

various types of ribp]es, Figure 5A.

The cross sections in Figure 6 indicate four hydraulic environ- w3

ments (or types) in which planar bedding and parting Tineations can occur.

These are:
Type T -~ on theytops of the offshore bars where incomihg and
outgoing tides rush across the bar.
Type 2 - on the swash zone of a beach where the waves are

constantly washing over the sands.

Type 3 - within large bars that form in intrachannel areas, :
ejther tidal or alluvial, where the rivers are ot
experiencing abnormally high flow conditions. '

Type 4 - as small planar parts of other bedforms within the

channel.

The characteristics for the offshore bar can readily be seen in

the cross section in Figure 6. Figure 5B and C are more detailed ?%
"idealized" cross sections of the channel and beach envirohments, and _
relate the specific rock unit's geometry and association with the o

surrounding units.

Since all of these types have planar bedding, the important =
differentiating characteristic between each of these areas will -

be their association with the surrounding units. The offshore bar, Type 1,

10




A. Summary of the hydraulic conditions that produce
fossil bedforms.

Foés“
Bedform
PBrztc’ifocr:‘d small scale large scale plane
u ripples ripples beds
From
E—————— :
Fluid Motion | ————uo | ———— >
Over Bedform | pue@S A | ment @R | wowm—
Fiow Regime of low intensity high intensity u‘pper flow
Water Over lower flow lower flow regime
Bedform regime regime

(Al1en, 1968)

B. CHANNEL MODEL

- — — e —

overbank
deposits

_______ = g

e
T T RS

channel

= %
RS

(Al1en, 1970)

C. BEACH MODEL

NN -

A "-‘ r
e ‘-’?a.ih4§:

Figure 5. Summary of the hydrauli¢ conditions that produce
' fossil bedforms and twe models where these features

can occur.
' ‘ 11




A TYPE 1 5
offshore bar tidal muds beach dunes muds EH
e 3
|
i3
muds “tidal channel tidal bar tidal channe! - muds -
o
7 muds : braid channel braid bar braid channel ' muds
“
Figure 6. Paleogeographic model and cross sections illustrating s
the origin of flagstone.
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will be surrounded by muds. The beach, or more specifically the

swash zoﬁe, Type 2, will have cross-bedded sand features on its

landward and seaward sides. These are produced respettive1y in the
béach berm and in smaller offshore bars. The intréchanne] bars, Type 3,
will either be surrounded by other channel units such-as the coarser
channel bottom material and the large or small scale ripples, or/and

be cut and eroded by the channel as it migrated.

It is these associations that have been fossilized and are

- observable in the f]agstong quarries; and therefore, were used in

the regional mapping of the flagstone producing area.

Figure 7 is a map and profile of a typical Type 1 - offshore bar -
flagstone qﬁarry (STOP 3 in Roadlog).. Characteristics of this type
of quarryrinc]ude:

a) a convex upper surface;

b) parallelism of the parting lineation orientation and
the down dip direction of the cross-bedding;

c) a steep front in the seaward direction;

d) replacement seaward (northwestward) by darker, fossiliferous,
marine shales;

e) replacement Tandward (southeastward) by siltstones, small
scale rippled sandstones, and red shales; and,

f) uniformness and regularity of the joint systems (the high
walls of the quarry parallel the joint systems).
Two offshore bars are visible in the diagram, the larger
lower one, and another smaller one in the south end of the quarry.

The long direction, or paleogeographic trend, of these bars would be

13
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______

perpendicular to the parting Tineation shown in the diagram,
or northeast-southwest and east-west for respectively the lower and

upper bars. The rock sequence represents a marine transgression

onto the tidal flats and shore zone.

A map and profile of a Type 2 -beach- quarryvis shown in Figure 8
(STOP 4 in Roadlog). Typical characteristics of this type of quarry
are: | '

a)‘ a lensoidal cross section

b) comp1ex1y cross- bedded sandstones (bars) overlying the
f]agstone

c) sub- para11e11sm of the parting lineation orientation
direction and the cross-bedding in the overlying sand
‘bars (Figure 9A).

d) that the deposits are inclined with the front (landward)
being higher than the back (seaward). -

e) worm burrowings in the tops of_some of the 6ver1ying barS.
f) uniformness and regularity of the joint systems which the
high walls parallel,
The beach, as shown in Figure 8, is orientated with its long
direction,dthat 15, ifs paleogeographic trend, in a north-south
direction. The sequénce of rocks exposéd in the quarry represent

a marine transgression of lower tidal-flat sand waves and bars over

* the beach.-

Figure 10 represents a Type 3 -intrachannel bar- flagstone

quarry two miles east of Auburn Center on Twp. Route 57102. Characteristics

of this type of quarry include:

15
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' Cross
bedding
mean

336° [ Cross Bedding
from the

L 40 Type»z Quarry
226 readings

parting
lineation
orientation

275°

Figure 9A. Relationship between the cross-bedding direction
: frequency and the parting 1ineation orientation in
the Type 2 quarry illustrated in Figure 8.

Cross
bedding
mean o Cross Bedding
32¢ from the
‘ \\\. ‘ Type 3 Quarry
b 20 | 92 readings
. Goo
/,/’f/ parting
o 1ineation
orientation

Figure 9B. Relationship between the cross-bedding direction
frequency and the parting lineation orientation in the
Type 3 quarry illustrated in Figure 10.
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a) a convex upper surface;

b) the overburden consisting of channel lag material,
cross-bedded sandstones, and rippled siltstones as
illustrated in Figure 5A;

c) the flagstone being cut (eroded) by the channels on
either side; ,

d) the parting lineation orientation and cross-bedding
direction are almost at right angles (Figure 9B);

e) some broken marine fossils found in the channel lag
material, however the predominant fossils found in
these quarries are plants; and

f) Tlack of uniformness or regularity in the joint system.

The intrachannel bar illustrated in Figure 10 is orientated with

its upstream direction, or thickest part, to the south.

Figure 11 is a comparison of the geometries and internal

morphologies of each of these deposits. (The drawing is not to
scale.) Of tﬁé three types, the Type 2 will have the greatest

volume and will be most Tikely to have the Teast internal and external
variability. The Type 3 deposits will be the smallest in size and

have the greatest internal and external variability. The Type 1

deposits will be intermediate in both characteristics.

The geographic distribution of the three quarry types should be as
shown in Figure 6, that is, the Type 3, Type 2, and Type 1 sequence
would be fﬁund in a landward to seaward traverse for any particular time
plane during the Upper Devonian period. Unfortunately, individual time

planes can not be traced across the producing area upon which the quarry

19
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~ type distribution could be mapped; however, if the model, Figure 6,
operated during all of Upper Devonian time throughout the producing region,
areas should appear that have a preponderance of one particular quarry

type.

QUARRY TYPE DISTRIBUTION
One hundred and sixty quarries were visited throughout the county
and classified a;cording to the three types-tq determine if a pattern
did exist that would reflect the paleogeographic MOdel. A grid was
p]aced over this classification map and the ﬁumber of eéch type of

quarries within the grid was recorded.

If there was a preponderence of any, one quarry type (more than 50
percent of ohe type) within the square, it was designatéd as being
representative of that type of environment. FigufekTZ illustrates the
. results of this analysis. Definite areas appear which have a concen-
tration of a‘pérticuTar quérry type; therefore, it can be concluded that
thé respective environment prevailed within this area throughout most
of Upper Devonian time. The regional, geographic pattérn of this map
présents the same geographic relationships, that is, intrachannel bar,
béach, and offshore bar, along a westward traverse as that presented
in the initial paleogeographic model, (Figure 6); and, essentially

substantiates that initially presented by Willard, Figure 4. Figure 12,
can therefore, be used as a probabilistic indicator ofrthe type of

flagstone quarry that might be expected if prospecting within a particular

21




*sadA] Aadenb 394y3 3y3l 10 uoLing .[pm_.u,mf uc paseq
A3unoy euueyanbsng 40 dew |eIUSWUOALAUDOI|ed dbRUSAR BULAOK

2l d4nbLy

‘ /
¥oeq N "0 Buitw ohpa

‘eD mc:u.fa
ST BHeludgenbsng T 7

A

VINVATASNN Id

WHOA MIN

.cu
piojpe.g

22




area. The center triangle, designating a mixed area, would represent

‘an area of equal probability of finding any type of quarry.

Another test of this model is an analysis of the parting linea-
tion directions. Since this feature is a result of the long axes

alignment of the individual grains by the transporting currents,

~ its direction, when combined with the down-dip inclination direction

of the cross bedding, can be used as an indicator of the flow di-
rection of the paleo-currents.  These latter directions are referred

to as directional parting lineations. Figure 13 indicates the

' distribution and mean direction for both directionl, and non-direc-

tional parting lineations for each of the three quarry types and

their combined totals. The individual directional readings were sum-

marized into a moving average map, as was made for the quarry type
distribution map, and is presented in Figure 14. A frequency dia-
gram was afso made from these readings and a mean was calculated.
This direction, 278°, is the paleoslope direction or general direc-
tion in which the Upper Devonian rivers were f]owing.' Also, it fs
the direction of the migration of the early Chemung shbre]ine which

resulted in the stratigraphic rise of the Chemung-Catskill facies contact.

QUARRY DISTRIBUTION
A total of 811 f]agétone quarries were located within the 836
square mile ‘area of Susquehanna County. A1l of these quarries are not

presently active but represent flagstone mining since the late 1880's.
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Using this map, prospecting techniques were developed similar to those

which could be made using the paleoenvironmental mdp, Figure 12.

Figure 15 is a moving average quarry density map. Three cdnc]u— =

sions may be drawn from this diagram:

a) definite high and low density areas appear.

b} A general trend from high density to low density
occurs radially respectively from the east to west.

¢) The pattern that develops more or less approximates . : 3
that shown in the palecenvironmental map, Figure 12, with -
the higher density areas occurring within the mixed
quarry areas. :

The elevation of each of the quarfies was also noted and analyzed | ' %1

as was done for the density map. Figure 16 is an isopach map of

the elevational interval over which the quarry distribution occurs.
The same conclusiosn reached above can be drawn from this map, with
the most important being that the greater intervals correspond to the

mixed quarry areas of Figure 12.

[
g]
i

The general decrease in the density of Quarries and in interval

thickness within the Type 3 - fluvial - area is probably due to the
eroding and migrating character of the fluvial system operating in this

area.

Since the same intersection points were used for both of the above

maps, a graph of the fhickness of the flagstone producing intefval
plotted against the number of quarries within the interval was con-
structed. Figure 17 is this graph. A direct relationship occurs between

these two variables, that is, as the thickness interval increases so does

ij

s
Nz
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the number of quarries within the total interval (The number of
- quarries within a givén unit interval, however, was essentially the
same). This relationship can be used to predict the number of quarries
— that would be expected within a given elevation interval. The initial
;J measured jnterva]s were then looked at again to seé how the actual number
of quarries occurring within the interval compared with thét which might
be‘expected for that quarry interval. The differences between these
two values were assigned to each of the respecti?e grid intersection
points and then contoured, Figure 18. This map is an isopotential map
= de]ineatihg areas that have a higher number of quarries {high positive
values) than expected within the elevational intervaTQ and areas with a
lesser numbéf‘of quarries (high negative values) than expected. When
comparing this figure to the paleoenvironmental map, Figure 12, it can
be seen thaf approximately 80 to 90 percent.of the areas designated as
- Type 3 and mixed areas fall within, or above, the zero isopotential line.

Thus, the results of these maps, Figure 15, 16 and 18, would tend to

indicate that the best area to prospect for a quarty would be in the
mixed areas on Figure 12, the paleoenvironmental map, since this area

has the greatest number of quarries occurring over the greatest interval.

The locations of most of the quarries, 475, used in constructing
= the quarry density map were obtained from the Interim Soil Survey
Report - Volume II for Susquehanna County, Pennsylvania, published by

the United States Department of Agriculture in 196%9. This report
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consisted of a series of aerial photograbhs at the scale of 1 foot =
1320 feet for all of Susquehanna County. The distribution of the
soil types and 475 quarry sites are plotted on these photographs.

Figure 19 is one of the aerial photographs (number 60-46) used in this

report.

An analysis of these photographs was made to determine if the
quarries were occurring upon a particular type of soil within the

county so that another prospecting technique might be developed.

Table 1 lists the nineteen soil types and their mapped acreage
within Susquehanna County. Figure 20 is a block diagram jllustrating
where some of these soil types occur upon the mountain sides within the

éounty.

The classification of the soil types is based upon the type of
parent material from which the soil develops, and dpon the drain-
age development within the soi].‘ Table 2 summarizes the character-
istics producing the various soil types found within the couhty. Each
of the major soil geries can be subdivided into submembers on the
basis of variations in the grain size of the material in the soi], and

the slope upon which the soil occurs.

O0f the 475 quarriesA1ocated on the aerial photographs, 448, or 94.3
percent, were on one particular soil series, the Lordstown'Series; also
shown are the number of quarries occurring upon each submember, and,'
on the other soil serfes. To further check this relationship, one

hundred quarries that were located independently of the aeria1'ph0to-
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Aerial photograph from the Interim Soil Survey Report, Volume IT,
for Susquehanna County, Pennsylvania. (The first letter of the
various mapped areas designates the soil series; therefore,

the areas of Lordstown Soil are those areas that have a map
symbol beginning with a L. Note that all six of the flagstone
quarries lies on the Lordstown Soil and that five of the six

are on the Very Stony Submember, areas beginning with Ls. The
photograph can be located by comparing the quarry reference
numbers with those on Plate I.)




graphs were plotted on the photographs, and the type of soil upon

" which they occurred noted. Of these one hundred quarries, 97 percent
of the, Table 3, were 1ocated upon the Lordstown Soil. It should also
be noted that most of the quarries, 72 percent, were located on the

Very Stony submember of the Lordstown Soil.

Since the Lord;town Soil Series covers only 27.5 percent of the
area of the counfy, Table 1, it provides another valuable prospecting
teéhniqué for the quarrymen. The areas mapped as Lordstan'Soi1 withfn
Susquehanna County were plotted on a topographic map of the county and

can be found as Plate II in Krajewski, 1971.

TABLE 1.

Soil Types and Mapped Acreage of Each in Susquehanna County

Soil Type Mapped Acres

Barbour Series 2,037 Moris Series 73,541
Bath Series - 19,201 Norwich Series - 5,255
Seri 9,157 Peat 1,324
ES:”:ESOF1$¥165 1,813 Terrace Escarpments 497
Holly Seri Undadilla Series 1,532
ofly -eries 2,767 Volusia Series 86,293
Lackawanna Series 21,679 Wellsboro Series 74,077
Lordstown Series 147,308 Wyalusing Series 6,854

Mardin Series 74,363

Mixed Alluvial Land’ 4,873 Tota] 535,040

" PETROLOGY AND PHYSICAL PROPERTIES

A detailed analysis of samples coliected from several flagstone

quarries was conducted to determine their mineralogic composition, textural

characteristics, and physical properties, Table 4.
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Typical landscape in Susquehanna County showing the relationship
between parent material and the pattern of soil development.

(adapted from the forthcoming final soil survey report for
Susauehanna County)

Figure 20.
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1

Twenty-six samples of flagstone were collected from quarries

in Susquehanna (24 quarries), Lackawanna (1 quarry) and Wyoming
(1 quarry) Counties. The number of samples from each of the quarry ‘ -

types was as follows: ten from Type 1 - offshore bar - quarries;

seven from Type 2 - beach - quarries; and, nine from Type 3 - intra- i}
channel bars - quarries. Figure 21 is a locatien map of the sampled 5}
quarries.

Tables 5, 6 and 7 Summarize the results of the compositional,

textural and physical property analyses. Table 8 shows how flagstone r

L

samples from the three guarry types are ranked using this data.

TABLE 4

Petrographic and Physical Properties

I. Petrographic Propefties 2. Grain Sorting
3. Grain Shape

i
Lol

A. Mineralogic Composition

vin

C. Color A
1. Total Grains

a) quartz II. Physical Properties
b) r. fragments \
c) feldspar A. Bulk Specific Gravity
d) mica .
g : B. Apparent Specific
2. Matrix : Gravity
3. Total Cement - C. Percentage Water f%
a) quartz Absorption =

b) carbonate
D. Permeability

4. OQpaques
E. Durability
B. Texture a) percentage weight loss
e in sodjum sulfate sound-

1. Grain Size ness test
a) long axis mode b) disintegration index
b) long axis mean , ‘
c) short axis mean F. Number of Laminations -
d) long axis skewness ‘
e} Tong axis kurtosis G. Tensile Strength ;;

3
| (%
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Figure 21. Location of the twenty-six flagstone quarries sampled.
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ki

Table 9 shows the statistical interactions among the physical

properties, composition, and texture; and Table 10 illustrates

the interrelations between the various physical properties. These

data show that percent water absorption is an important factor in
predicting the other physical properties; for example, weight loss or
durability. The percentage of opaques (organic material)} is the

main factor related to the percentage water absorption. Opaques also
appear as a significant parameter in bu]k specific gravity, tensile
strength, and weight loss. Furthermore, organics are most abundant

in Type 1 quarries and Teast abundant in Type 2. Therefore, as shown in

Table 8, Type 1 flagstones have the least desirable properties.

Figures 22, 23 and 24 show the regional variation of some of
the compositional parameters; Figure 25 of modal grain size; and
Figures 26‘and 27 of percentage water absorptionvand disintegration
index. A1l of these maps exhibit a westward branching pattern. Areas
to the west of the mean line exhibit higher values of water absorption
and disintegration index. This is generally the area of the Type 1
quarry. The compositional and textural maps show that this area has moré
matrix and opaques, less total cement, and is finer grained than areas

eastward of‘the mean.

The variations shown by the above maps would seem to suggest two
basic types of flagstone rather than three types based on the nature
of the associated strata. The first would correspond to the offshore

bar type and the second to the beach and intrachannel bar type.
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TABLE 8.

Quarry Type Ranks for Measured Data

Parameter

Total Grains
Quartz Grains
Rock Fragments

= Feldspar

= Mica

+ .

- Matrix

g Total Cement

5 Quartz Cement

© Carbonate Cement

Opaques

Long Axis Mode
Long Axis Mean
& Short Axis Mean
3 Long Axis Skewness
o Long Axis Kurtosis
* Shorting
Shape

Bulk Specific Gravity
© Apparent Specific Gravity
'+ Percentage Water Absorption
& Durability (% weight loss)
§‘Number of Laminations
a Tensile Strength
o Permeability

Least

) wmd N wd () e ot — P e e et -t P ot omd mmd PN QD D () od et

Wr -

nono
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RANK

Inter-

mediate Most
3 2.
3 2
1 2
1 S 2
1 2
3 1
3 2
2 3
3 "2
3 1
3 2
3 2
3 2
3 2

3

1 3
2 3
3 2
3 2
2 13
2 3
1 3
2 3
1 2

Offshore Bar Quarry Type
Beach Quarry Type
Intrachannel Bar Quarry Type
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TABLE 10

Results of the regression analysis of the physical
properties (dependent variables) against each other.

Percentage of

Dependent Variable ' Independent Variable Explained Variance
Bulk Specific Gravity . weight loss 49.9
Apparent Specific Gravity none '
Percentage Absorption ‘weight Tloss 76.9
Permeability © ' none a
Weight Loss : percentage absorption 76.9
Tensile Strength percentage absorption 22.8
Color

A wide range of different colored flagstones was observed.throughout
the producing area and éometimes within a single quarry. These colors
included the desired "blue" flagstone, which is really a steel blue-

gray, and various shades and combinations of gray, green, brown, and

red or maroon.

A representative sample of blue, green, brown, and red flagstones

was chosen for chemical analysis. The results of the ana1ysi$ are

presented in Table 11.

The most importaﬁt of the oxides as a coloring agent is iron oxide

(Van Houten, 1948) which occurs as:

a) ferric iron oxide (Feo03) either as: :
1. the hydrous form, 1imonite (Fey03 Ho0) which has a
brown or yellowish-brown color, or,
2. the anhydrous form, hematite (Fe203) which has a
maroon or reddish-brown color.

b) hydrous ferrous iron oxide (FeD) which has a natural, steel
gray color. . '
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From the above, and the results of the chemical analyses for iron
oxides, the following may be concluded:

a) The red flagstones do not owe their red color to a
greater total iron content.

b) For the flagstone to be red, there must be an excesé of
ferric over ferrous iron oxides. The ratios.of the ferric
to ferrous iron oxide for each of the samples are as

follows:
Sample EEQQa/FEO
red 1.92
brown 0.97
green 0.57
blue 0.26

These conclusions are based upon and substantiate those of Dorsey

(1926) for other red beds.

Petrographic analysis shows that all red flagstones contain
appreciablé‘amounts of finely dispersed hematite; the non-red rocks
contain no hematite. In these flagstones, illite and chlorite are the

main constituents of the matrix.

Variation in the degree of weathering has an important effect on
within quarry variation in color. Usually the b1ue4td]ored stone is
found either deeper within the quarry or in the cehter of large blocks.
Greener-colored flagstones are found along the outer edges of
most blocks in almost every quarry; Here, the gfouhd water moving
vertically along theujoints, and laterally along the parting surfaces
has had an opportunity to slightly alter the chéméia] composition of

the matrix minerals, micaceous rock fragments and organic material so
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that a corresponding color éhange occurs. The brown flagstones are

a result of further chemical breakdown of the micaceous minerals,
alteration of the matrix and organic material, and occur in the

areas of maximum ground water movement, that is, adjacent to the
joints. The hematite in the red flagstone is a very stable mineral so
that the mo?ing ground waters would have very little altering effect
upon it. The aiterations of the constituent minerals by migrating
ground water probably explains most of the color variation found within

the flagstone produced from a single quakry.

Lastly, the overall color of the f1agsioné will be lightened by
the precipitation of the di$solved minerals in the "duarry water"
when this water is'evaportated from the flagstone upon fts exposure
to the atmosphere after being quarriedl The most common mineral

precipitated in this manner is a white form of calcium carbonate which

~ is usually found on the parting surfaces of many flagstones.

PROSPECTING FOR A QUARRY
Table 12 is a qualitative ranking of some desirable properties
of flagstone deposits. A linear ranking wa;'used which was based
on the data collected, that:is, the rank of "one" was used for the
quarry type which best demonstrated the desirable.prOperty, a rank
of "two" was used for the intermediate quarry type, and a rank of
"three" for the quarry type that was least desirab1e‘f0r that property.
This ranking may not be the most appropriate and it is'hoped that

future work will develop and establish more realistic standards.
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Examination of the table will show that the Type 1 - offshore -
bar environment - quarries rank first (or best)‘in the color of stone
(more of the deep blue-colored stone}, and in block éize, and block
uniformity; second in total volume; and third in all other |
properties. Theréfbre, in overall quality, Type 1 would be considered
the poorest stone. - HoWever, if blueness of color and block size are
the more desirable quaTities,'then theyrmay outweigh the other less
desirable qualities of the stone. This is a real possibility since
the blue-colored stone is in more demand and- is more‘easi1y.marketed,
which, therefore, illustrates one of the shortcomfngs of the ranking

system.

The Typg 2 - beach - qguarries have the greatest volume of]stone,'énd
have other propertiesaintermediate between tﬁe other two types which
leads to the conditibn that when all of the other properties are
considered in the ranking, Type 2 seems to be the most desirable type

of quarry to locate and develop.

The outstanding feature of the Type 3 - intrachanné1'bar:f quarries

is that they have the best durability (lowest disintegration index).

Depend%ng on the property or combination of properties desired in
the staone, prOSpecting may be guided by reference to Figure 12, the
quarry type distributfon map. For example, if que-co]qred stone ié
desired, one has the greatest chance of finding this qua]ityrin the Type
1 areas, which oécur‘in the northeastern and extreme western parts of

the map; however, since the probability of finding a quarry is not only
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dependent upon the proportions of any one given type Within that

- area, and upon the deviation from expected frequencies within that

area, it is possible that the probability of finding a Type 1 quarry is
equally as great in the mixed area as it is in the area designated

as Type 1.

TABLE 12

Compafison of Desirable Properties in The Three Flagstone Types

Type 1 'Type 2  Type 3

Color (Blue) 1 2 3
Quarry Volume 2 1 -3
Block Size and Uniformity 1 2 3
Number of Laminations 3 2 1
Reed Variability 3 1 2
Water Absorption 3 1 2
Disintegration Index 3 2 -1

Totals 16 11 15

Rank Meaning

1 = Best ~ Type 1 = Offshore Bar
2 = Intermediate ~ Type 2 = Beach
3= = Intrachannel Bar

Worst Type 3

~ After consideration'of the compositional, textural, and physical

property maps from the sampled quarries, and assuming‘that these maps

are representative of the most probable quarry type Within that area,
one might again conclude that the mixed area would be the best one in

which to prospect.
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Assuming that -one has decided to prospect within the mixed area,
the next step would be to consult the Lordstown Soil Distribution
Map (see Krajewski, 1971). Only those areas should probably be
examined in the f{e]d that are covered by this soil type; and probably
prospecting should further be confined to those areas within the
Lordstown that are covered by the Very Stony submember since it was found

to have the highest number of quarries, Table 3.

One might then attempt to relate those features which he can
observe outcropping in the field to those shown on the quarry cross
sections and photographs of the quarry types and evaluate the

specific sites' potenfia] as a potential flagstoﬁe quarry. -

Once the site is chosen, the following four factors are critical
in most efficiently exploiting a flagstone quarry:
a) the joint pattern

b} the geometry of the hill upon which the quarry is to
be developed

c} the part1ng Tineation direction

d) the external geometry of the flagstone depos1t to be
deve]oped

It has been obsefved that the joint patterns are predomfnate]y

orientated north-south and east-west. The north-south set is

usually the better developed (more linear) set and controlérthe orientation

of the drainage and mountain ridge pattern throughout the area. This

is clearly shown on Plate I or II of Krajewski (1971). It has been
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stated earlier that the joint pattern and surfaces are more regular
in the Type 1 - offshore bar - quarries'than in the Type 3 - intra-
channel bar - qyarries (Figures 7, 8 and 10 illustrate this);

therefore, the ease of quarrying and the recovery of stone will be

greater in the Type 1 quarries.

The relationship among the hill geometry, parting lineation,
external geometry of the deposit, and the direction of mining is

illustrated in Figure 28.

Two cases have been illustrated. Case I shows offshore bars,
or beaches, located on the east and south sides of a hi]]Q and Case
II illustrates intrachannel bars located on the east, west, and
SOch sidés of the hill. These deposits have béen orientated in
their reépecfive 6rientétions so that they conform to the regional
paleogeographic interpretations made earlier. It must be emphasized
that the cases used are statistical génera]ities used here for the

purpose of illustration.

Within the diagram, the numbered arrows adjacent to each deposit
indicate the direction of mining to be followed. Tt is apparent
that Caée-I-A would yield the greatest volume of stone. In terms
of volume of stone obtainable,‘the other cases would be ranked as
fo11oﬁs: second, Case I-B; third, Case II-B, and last, Cases II-A

and 1I-C.
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Referring'again to Case I-A, that is,ran offshore bar or
beach which has its greatest potential volume perpendicular to the
parting lineation direction (Figure 11), the mining procedures would
be as follows:
a) The quarry would be initially extended para11él to
the parting Tineation until the thickest part of the .
deposit is passed.
b) It is then extended perpendicular to the parting
Tineation adjacent to the thickest part of the deposit.

This method shou]d,ihsure the greatest volume of recoverable stone,

and also, result in a minimum of uneconcmical overburden removal.

In the case of II-B, that is, when an intrachannel bar fs to be
mined, it has its gréafest potential volume parallel to the parting
1ineation direction (Figure 11) until the deposit starts -to thin, or
until the overburden becomes too great and the reeds start*fo’
thicken. After this occurs, a limited amount of quarrying‘cah take
place perpendicular to the parting Tineation direction and adjacent
to the thickest blocks before attempts to locate a new quarryuare
made. (It has been observed that with increasing oVerburﬂen, reed
thickness also incfeases. It is thought that this is due fo‘the
“increased weight of the overburden. -This is thé reason why the
Case I-B quarry is not further developed.) Froh this, it éhould be
apparent that the fota1 volume of stone that can be removed in this

quarry is less than that from Case I-A.
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A comparison of Case II-B with II-A or C would suggest that
IT1-B would be the more favorable case to mine since the intrachannel
bar thickens upstream (the direction of paleotransport is from east
to west). In other words, in Case II-B, a thickening depdsit would
be mined; whereas in Case II-A or C, a thinning deposit would be

mined.
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ROAD LOG

Friday, October 8, 1971

Mileage
0. Leave Treadway parking lot. Turn RIGHT on Pa. Route 315.
5.6 - Enter Interstate 81. | |
51.0 STOP 1

Road cuts, 2.75 miles south of New Mi]ford exit on Interstate 81.

Park we]] of f the highway. Watch for high-speed traffic.

The three road cuts at this 1océ1ity'(Figures 29, 30 and 31)
are excellent illustrations of Allen's fihing upward cycles. (See
Figure 5 B,‘for Allen's concept.) Three comp]ete cyc1es are exposed,
one in each roadcut. Alsoc clearly visible is the complex lateral
intertonguing of all the units of the cycle, a phenomenon which
supports Allen's idea of cycle genesis by migratihg channels. The
direction of intertonguing and of accretion pross‘bedding suggest
that, in the uppermost roadcut, Figure 29, chahnelwmigration was from
north to south; whereas in the lower two cuts, Figurei30 and 31, it
was from south to north. Current crossbbedding and parting 1ineatidn

show thatqbvera]1 current direction was to the northwest.

- Basal sandstones of the cycles are often conglomeratic; the

- best example shown in Figure.29; The pebbles are largely calcium

carbonate nodules of local derivation, since they have been observed
in the burrowed or rooted upper parts of adjacent red siltstones and

mudstones.
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Plane beds with parting lineation occur in two forms; on

the shallow sides of migrating alluvial bars and in the central

parts of symmetrical bars. The former, best seen in the middle cut,
Figure 30, vary from a few inches to a foot in thickness. Volumetrically
these are too sma]i,to be mined. The more symmetrical bars, best

exposed in the upbermost cut, Figure 29, héve a maximum thickness

of four to five feet and are several hundred feet long.  These

might be potential sources of flagstone.

The exposures at this locality are typical of those designated

as type 3 (a11uvia1)'shown on the quarry type distribution map,

Figure 12.
Mileage

53.6 , Continue north on Interstate 81 to New Mi]fprd exif;
down ramp to Pa. 492 and turn LEFT. | |

54.4 Westroﬁ Pa. 492 to intersection with U.S. 11; straight
‘across intersection to "Y" intersection. Bear LEFT on
township (T) 617.

54.7 ty 1ntefsection bear RIGHT on T 617.

55.5 West on T 617; bear RIGHT on T 619 at "Y" junction.

56.2 West on T 619; turn RIGHT on T 684 at "T* junction.

56.3 North on T 684; turn RIGHT on T 621.

56.8 East on.T 621; turn LEFT between barn and fafm house.

57.1 Continue to quarry, STOP 2. Park on quarry floor away

from working equipment.
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STOP 2

~ Refer to Figure 32 for illustration of exposed rocks at

‘this locality and Figure 1, for location. The flagstone mined here

has a max imum thickness of 10 feet and aITength of approximately

400 feet. It shows a marked thinning to the northwest and thins

at a lesser rate to the northeast. Although the flagstone has no
fossils or other visible diagnostic features which would permit an
exact environmental designation, it has been interpreted to be an
al]uviallbar on the basis of the associated ovefburden. In the
centraT pert of the quarry, the flagstone is overlain by minutely
rippled sandstone, which has locally been eroded by well defined
channels. | Overlying the channel sandstones 1s a comp]ex sequence of
1ent1cu1ar planar and trough cross bedded sandstones, and interbedded
siltstones and dark shales. This comp]ex of rocks resembles the outcrops
at Stop 1 except for the paucify of red shales and siltstones in the

former.

A1 flagstone quarries exhibiting similer sequences have
been classified as alluvial; the distribution of this type, designated

as type 3, is. shown on Figure 12.

Other features of interest are the pebble conglomerate in

the base of the channel at the northwest end of the QUarry.v

, A]so observe the two major Joxnt sets ‘which strike approximately
north-south and east-west These joint sets are of regional extent.and

are better developed in the -other two quarry types.
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Mileage
57.4 Return to T 621; turn RIGHT.
‘ 57.9 West on T 621; turn LEFT on T 684. z}
1 59.0 South on T 684 to U. S. 106; turn RIGHT.
i 62.4 dunction with Pa. 167. Continue straight on U. S.
106.
‘ 64.6 Junction with Pa. 29; turn RIGHT.
} 71.9 North on Pa. 29 to Lawsville Center; turn RIGHT on ‘ TE
T 57075. | - | i
73.4 East on T 57075; turn LEFT at gray house, red garage ‘i
on the right. {
73.7 Hard pull uphill to quarry - STOP 3. - .
Refer to Figure 7, for illustration of exposed rocks. ??
Figure 7 is a map and profile of a typical Type 1 - offshore *:
bar - flagstone quarry. Characteristics of this type ofrqﬁarry include: ;j

a) a convex upper surface;

b) parallelism of the parting lineation orientation and the

down dip direction of the cross-bedding; .

c) a steep front in the seaward direction; | ;
d) replacement seaward (northwestward) by darker, ﬂ ' i}
fossiliferous, marine shales; | ¥

e) replacement landward (southwestward) by siltstones, o
small scale rippled sandstones, and red shales; and, il

f) uniformness and regularity of the jointlsystems 5
(the high walls of the quarry parallel therjoint ' ;j
systems) . ' .

ié
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- Two offshore bars are visible in the diagram, the larger

i lower oﬁe, and another smaller one in the south end of the éuarry. The
} long direction, or paleogeographic trend, of these bars would be

= : perpendicu]ar to the parting Tineation shown in fhe diagram, or
northeast-southwest and east-west for respectively the lower and upper
bars. The rdck sequence represents a marine tranégression onto the

tidal flats and shore zone.

gi‘ Mileage | '

jj 74.0 Return downhill to T 57075; turn RIGHT.

;ﬁ 75.5 ~ West onT57075 to Pa. 29; turn LEFT.

: 77.0 IRt South on Pa. 29 to Franklin Forks; turn RIGHT onT 57075
- past antique shop.

80.9  West on T 57075 to Pa. 167; turn LEFT.

‘fj 83.0 South on Pa. 167 to Fisk Mi]];rturn_RIGHT on T 57138 at
L:' Dark Hollow Shooting Preserve sign.'

; 83.4 - West on T 57138 to T 700; turn LEFT at sharp turn.

f—i 83.8 South on T 700 to quarry on right, STOP 4. Park in

field area to left of road. Walk 100 feet into quarry.

Refer to Figure 8 for illustration of exposed rocks.‘

A map and profile of a Type 2 - beach - quarry is shown in
Figure 8. Typical characteristics of this type of quarry are:
‘- a) a lensoidal cross section.

b) complexly cross-bedded sandstones (bars) overlying the

i

flagstone.
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c) usdb-parallelism of the parting 1ineation
orfentation direction and the cross-bedding‘in
the overlying sand bars (Figure 9A).

d) that the deposits are inclined with the front
(1ahdward) being higher than the back (seaWard).

.e) Worm burrowings in the tops of some of the overlying
bars. |

f) Uniformness and regularity of the joint systems which

the high walls parallel.

The beach, as shown in Figure 8, is orientated with its
long direction, that is, its paleogeographic trend, in a north-south
direction. The sequence of rocks exposed in the quarry represent a

marine transgression of Tower tidal-flat sand waves and bars over the

beach.
Mileage

84.2 Continue south on T 700 to Pa. 167; bear RIGHT at "Y"

junction. |

87.9 Continue on Pa. 167 to U. S. 106; turn LEFT.

88.1 | STOP LIGHT in Montrose; continue on U. S. 106.

96.5 East on U, S. 106 to U. S. 11; turn LEFT.

97.7 North on U. S. 11 to Pa. 492; turn RIGHT.

98.2 ~ East on Pa. 492 to entrance ramp to I-81; turn RIGHT.
110.4 South on I-81 to Lenox Interchange; continue on I-81.
111.7 STOP 5. Park on right side of road opposite outcrops.

Watch for high-speed traffic. Cross to outcrops only

under direction of leader and road guards.
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Refer to Figure 33 for illustration of exposed rocks and to

Figure 1, for 1oﬁation. A complete fining upward alluvial cycle is
well exposed. Of ébecia] interest is the relatively thick pebble %?
conglomerate at the:base and the overlying planar cross bedded sand- .
stone. The cross bedding in this sandstone is believed to‘be of |

accretion origin since the parting lineation and cross bed direction

in the same set are'not parallel. Thus, the bars migrated from east

to west. -
~Unlike Stop 1, the units at this locality have greater Ny
lateral continuity. | i
I

Mileage | |
151.6 Continue on 1-81 and Pa. 315 to Treadway Motel. &
End of trip. | N
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| HYDROLOGY, GLACIAL GEOLOGY AND ENVIRONMENTAL GEOLOGY OF THE

~ WYOMING-LACKAWANNA VALLEY

by
Jerrald R. Hollowell

(U. S. Geological Survey)

INTRODUCTION
Purpose and Scope |

The Wyoming-Lackawanna Valley is pfbbabjy best known to geologists
as the Northern Anthracite Field. Because the va]lej is'underlain by
many beds of énfhracite it has long been the site of extensive geological
investigations. Most geo]ogica1-w6rk was done to solve structural and
strétigraphic problems incident to the removal of coal. More recent
investigations’describe Pleistocene geology and 1andforms. (Itter, 1938;

“Peltier, 1949).

The purpose of this trip is to show.environmental problems resu]ting.
from the removal of coal and exposures of Pleistocene deposits (rapidly
being removed from the scene). In additfon to the>sfops, many of tﬁe
environmental problems resulting from thé removal of éoa1 can be seen

from the busés.

Field work that provided the data for this field trip was accomplished
under a cooperative project between the U. S. Geological Survey and the
Pennsy1van1avGeélogica1 Survey and published as Bulletin W-28 (Hollowell,

1971) of the latter organization.
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BEDROCK GEOLOGY

The bedrock in;the Wyoming-Lackawanna Valley is‘made—up of well-

indurated thin- td)maSSive-bedded sandstone, shale, siltstone,
conglomerate, and coal. The bedrock exposed along the margin of the
valley consists of‘the following formations, from the o]deét to the

youngest: The PoconbiFormation of Early Mississippian age, the Mauch

Chunk Formation of Mississippian and Pennsylvanian (?) agé;aand the

i3
3
1
—

Pottsville and Llewellyn'Formations of Pennsylvania age.

A}

Stratigraphy

_Pre—L]ewe]]yn Formations

Three pre-Llewellyn Formations crop out on either side of the
vai]ey. The Pocono Formation, about 600 feet thick in thé,ﬂyoming
'Va11ey thins to the northeast until it disappeérs near‘BTakeTy.
It forms the outer ridge and is predominantly a gray; hard, massive, o h ud

cross bedded cong1omerate and sandstone interbedded with some siltstone

and shale. The Mauch Chunk Formation ranges in thickness from a few
feet to about ],000 feet in the Wyoming Valley and thins tOjthe northeast

until it disappears south of Scranton. It occupies the valley between
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the inner and quter ridges formed by the coarser grained rocks. It is

predominaht]y a red shale interbedded with some brown and greenish-

 gray flaggy siltstone and sandstone. The Pottsville Formation thins

to the northeast and ranges from 35 to 300 feet thick. It forms the

inner ridge and is light gray td white coarse-grained sandstone and

conglomerate.

Llewellyn Formation

The Llewellyn Formation underlies the wyoming-Léckawanna Valley
and flanks lower parts of the surrounding slopes. The formation is
nearly 2,200.feet thick in the Wyoming Valley and 850 feet in the
Lackawanna Valley. It is composed of interbedded 1ight—gray, quartz
pebble conglomerate; 1ight- to medium-gray, fine- to coarse-grained sandstone;
1ight- to dafk-gray shale and siltstone; medium-gray claystone; dark

gray carbonaceous shale; and:anﬁhracite coalbeds.

The strata between the coal beds cbmmon1y exhibit extreme lateral
changes in thickness and lithology, and are charactefized by cross
bedding, truncated bedding;‘and channel depositsi The coalbeds are the
most persistent strata and range in thickness from,a-fraction of an inch
to 27 feef}} At least 26 coalbeds are represented in the Llewellyn
Formation (Ash, 1954). The lowest coalbed in the Formation crops out on
the mountain slopes on each side of the valley at an elevation of 1,000

to 1,600 feet.

The Llewellyn is covered with unconsolidated glacial deposits and

exposures are scarce. It may be seen, however, in resistant ridges,
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where the glacial deposits have been removed by erosion, in roadcuts,

and where excavation for coal has removed the surficial material.

Structure
The Wyoming-Lackawanna Valley lies in a large syntlinorium whose
axis trends about N 50° E. The synclinorium is slightly crescent shaped

in p]an and is concave on the northwest side (Figure 1).

The rocks bordering the Wyomihg Valley suggest‘a simpTe_sync1ina1
structure, However, tﬁe area is structurally éndmoious tolthe-
Appalachians and the rocks within the valley are complexlyrfoned and
faulted, and contaih-mény subparaliel antiélines and sync1in§s and
related faults. These features are discontinuous, and are ;eldom over
a few miles in length. The deepest part of the synclinorium is about
1 mile east of Nanticoke. The trough becomes shallower tdwara its
nose, about 9 milésvsouthwest of Nanticoke, and toward a High point
(Moosic Saddle) northéast of Pittston, immediately east of where the
Lackawanna River fiows into the Susquehanna Rivef., This'high point
effectively cu]mihates;the Wyoming Valley and divides the synclinorium
into two substructures. The La&kawanna Valley Ties northeast of the
Moosic Saddle, and.beébmes shallower toward its nose 12 miies north of

Carbondale (Figurerl)ﬁ

GLACIAL GEOLOGY
Origin of the Buried Valley

The wyoming-Lackawanna Valley was invaded by glacial ice in ITlinoian

time and again in the Wisconsin time. Evidence of the early glacial
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activity ih the valley has been obliterated by the more recent

glaciation (Itter, 1938, p. 19). During the greatest advances of the
glaciers the ice crossed the valley and the mountains to the south. As
the ice moved into the valley from the north it was tufned westward by
the mountains that flanked the valley on the south. ATl the ice within
thé va]]ey:f]owed in a southwest direction hear]y parallel to the axis

of the valley. The turning slowed the flow and caused the ice to pile

up and increase in thickness over the va]]ey; The increase in thickness
added to its erosive powers, and the ice quarried up td 300 feet of rock
from the valley (Itter, 1938, p. 67). The greatest excavations occurred
in the Llewellyn Formation because the brittle anthracite beds in this
formation were easily fractured and dislocated, faci]itating the breaking
and removal of the adjacent beds. This overdeepened‘pért of the Wyoming
Valley has sincé filled with sediment and is locally referred to as the

buried Valley (Ash, 1950).
Unstratified Drift

Ti1l occurs only locally as a thin veneer in the Wyoming Valley.
It consists of a heterogeneous mass of clay, silt, sand, gravel, boulders,
and coal. Sahd usually comprises most of the material in the unstratified

sedimentsf
Stratified Drift

Stratified drift in the Wyoming Valley is classified as either

proglacial sediments, those that were deposited beyond the limits of
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the glacier as outwash sediments and lake sediments, or ice contact

sediments (kame terraces).

Kame terraces

Remnants of kéme terraces occur on both sides of the Susquehanna
River in the wyomihQ'Va11ey and on the north side of the'Laékawanna
Valley between Scranton and Peckville. The elevation of the upper
surface is about 685 feet near Pittston and is about 10 féet Tess at
the 1ower end of the vé11ey; in the upper ehd the highest terrace is at
745 feet (Itter, 1938). The terrace on the northwest side of the.
river is nearly céntiﬁuous and can be traced from Wesf Pittston to Plymouth
(Sfop 4). On the southeast side of the river it is discontinuous'
and poorly exposed. The kame terrace deposit§ range from 10 to 100 feet
in thickness and consist of stratified sand and gravel, with a coarse
gfave] layer at thertop. Locally, erratic boulders and pockets of till

are incorporated within the deposits.

"These kame terrace deposits are economically va]uable_as.a sand
and gravel source throughout northeastern Pennsylvania. In_the Wyoming

Valley they have been mined nearly to depletion.

Lake sediments

These deposits consist of deltas, moraines, bottom deposits,
rafted erratics and thick clay beds that were deposited in a Take that

stood at an elevation of about 560 feet.
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Sediment was transported from the melting ice to the glacial Take
by major sfreams entering from the Susquehanna River valley and the
Lackawanna Va]]ey, and by minor tributary streams along the sides of
the Wyoming Valley. As the swift, sediment-léden streams entered the
quiet water of the lake their vglocity was greatly feduced. The reduction
in ve]bcity cauéed a reduction in their ability to carry sand and gravel
and these coarse sediments were deposited at the mouths of the streams
as deltas. The.finer particles remained in suspension until they reached
quieter water where they were deposited on the lake bottom and accumuiated
to form thick beds of silt and clay (Stop 5). The depositional environments
changed f}om_time to time and from place to place so that clay beds alternate
with thin beds of very fine sand and silt, medium sand and silt, or
coarse sand and gravel. Some of the deposits were eroded away by later

down-cutting by the river.

Qutwash sediments

Outwash sediments occur as extensive deposits of well-sorted
sand and gravel that are primarily found underlying the broad flat plain
in the northeﬁstern half of the Wyoming Valley. Their thickness ranges
- from a fraction of an inch to 30 feet. Good exposﬁres of these deposfts can
be seen in.excéVation pits in the valley (Stop 5). 'fhé sediments are |
generally free of silt and clay and some were sorted to the degree'that
the sands were'reﬁoved and a clean pebb]e—siié gravel was deposfted.
"These characteristics, coarseness and a high degree of sorting, are *x*
featdfes of glacial outwash. They are **% the result of the regimen of
gTacia] rivers (when the glaciers terminus was north of the valley) which

commonly have diurnal flood of short duration during the summer. These
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floods were occasionally augmented by the runoff of heavy rains

which fell over the glacier." (Peltier, p. 9, 1949).

Alluvial fan deposits occur alongthe north side of the valley where
the larger tributary streams issue from the ridges and enter the Wyoming

Valley. The fans are composed of a mixture of silt, sand, and gravel.
ENVIRONMENTAL -PROBLEMS RESULTING FROM THE REMOVAL OF COAL

Man has been engaged in removing coal from the Wyoming?Lackawanha
Va]ley_for over 150 years and in the process of mining he’ﬁas marred

the region with waste rock dumped on the surface, with deep géshes, and

cast piles from stripping and silt banks.

A Jarge amount of waste rock was brough£ to the surface with the
coal. These waste heaps or culm banks may reach over 100 feét high
and present a huge mass of broken rock and coal on which-Titt1e or no
vegetation takes root. At one time there were 150 collieries in-the

valley,with most of them having an independent waste heap. Many of

these culm banks are burning or have burned.

A coalbed is a large mass of combustible fuel. Miﬁiﬁg make§ oxygen
avéi]ab]e and all that is required to initiate combustioh‘is a source of
heat. In many afeas, usua]]y.a1ong the lower mountain slépés; "stripping"
of the coal has exposed many coalbeds as well as providing-COnvenient |
refuse dumps. The most common cause of the coal mine or culm bank_fires
is the prattice of burning trash or rubbish in strip pits or héak the

banks.
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Mine and bank fires not only have a demoralizing effect upon the

- community, but they pose a menace to public health and safety by emitting

noxious gases and fumes, endanger surface lands and property, and
destroy valuable resources. In the valley there are presently eight
underground fires and four burning culm banks. Two,underground fires
and one burning bank weré recéntly extinguished by State and Federal

agencies.

$i1t banks, another undersirable environmental feature, developed
as a result of processing coal for market. A great quantity of water
is used in_c1eaning and sizing coal, and in the procéss large amounts
of fine Hirt and silt are derived that must be returned to the surface
streams ( a procedure no longer permitted by Pennsylvania's Clean Streams
Law, as amended), underground mines, or desilting basins. Formerly,
colliery operators dumped much of this refuse directly into the streams.
At one time this load was so great that stream channels were filled
and exhibitéd'"braided“ channels. Later most collieries constructed

desilting basins, each covered several acres. These abandoned desilting

basins are now being eroded by wind and heavy rainfall.

Mining also affected the topography by causing subsidence. Where
Tittle or no.effort was made to support the overlying formations mine
subsidence has occured in many places. In densely populated areas
the coal companies left pillars to support the overlying formations,
but someAsuBsidence occurred due to_fai]ure of pf]1ar support. Filling
of mines with water helped stabilize the pillars in the abandoned
mines and consequently reduced subsidence. Pillars are more subject to

failure by sloughing above the water than below. Surface subsidence
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resulting from underground mining has caused loss of life and miilions

of dollars of damage to buildings, streets, water mains, and sewage

lines in the built-up areas. In the Wilkes-Barre and Kingston area it o

was necessary to construct dikes along the river to protect homes from

flood waters. Many of these dikes built for land protection have had
_ _ .
to be raised because of subsidence. In addition, subsidence disrupts E]

drainage patterns and permits surface water to penetrate the underground

' o
workings more readily. When this water returns to the surface it pollutes -
the Lackawanna and Susquehanna Rivers. : 3

MINE-WATER HYDROLOGY ' [+

Water from surface streams infiltrates underground workings
mainly by leakagé from streambeds through broken strata over]ying'the.

mine openings (Stop 1.). Precipitation and overland runoff enter the

mines mainly through surface strippings and crevasses along steeply
dipping beds where the surface has caved into voids below. From the

points of entry, water flows through the mine workings to underground

pools. These pools are bodies of water enclosed VerticalTy between
the floor and roof ‘of the mine openings, and horizontally by barrier =
pillars, other unmihed areas of coal and the bedrock structﬁre. Barrier
pillars are bodies of unmined coal that are left in each coalbed along ;j

the company property lines.

Mining practices with hegard to barrier pillars varied greatly
prior to enactment of a public law in 1891 establishing and defining

the specification for barrier pillars (Ash and others, 1949, p. 9).
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Barrier pillars were inadvertently weakened or breached in many mines,
and there is no assurance that any one pillar has remained stable.
During and after the filling of the mines with water, it is apparent from |
the elevations of the pools that there is leakage through the barrier
pillars. Stable conditions in an operating mine change during filling of
a mine and become unstable. Wetting of previously dry surfaces dnd
several hundred‘feet}of hydrostatic head causes minor weaknesses to
become pronounced. Collapse often occurs and eventually subsidencé

many cause local breakings of barriers and of man-made dams in barrier

openings.

: Geherally, all the mines in the valley are interconnected to some
degree; howevef; the pattern of flow between the water-filled mines is
extremely compiex. Known openings, discussed by Ash (1954), are useful
for defining the flow path through most mines, but'the effectiveness of
the barrier.pj11ars in restricting the movement of the water obvidus]y
cannot be evaluated. The,movement of water through-individual mine
pools is generally, in the sequence of flow, from the highest pools
north of Séranfon to the lowest pools near Nanticoke (Figure 34). MWater
movement in mid-Wyoming Valley is controlled by pumping from the
Delaware-Pine Ridge mine pools to prevent subsidencé in the south

Wilkes Barre-Parsons area.
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10.

.0 to 1.5
.3 to 3.5

ROAD LOG

Saturday, October 9, 1971

Departure from the Treadway Inn, Wilkes-Barre,

Pennsylvania, at 8:00 a.m. Field trip will follow

the route shown in Figure 35,

Leave Treadway Inn parking lot. Turn}RIGHT onto Pa. 315.

iExposure on right in Llewellyn Formation. Overlying the

Liewellyn, where undisturbed, is glacial till.

STOP LIGHT.

Exposure of till which contains glacially eroded coal.
Exposures in the Llewellyn Formation.

Underpass under 1-81.

Underpass under Pa. Turnpike.

Enter I-81 (to Scranton).

Exposure of till.

"Exposure of Llewellyn Formation.

Pass Exit 50 of I-81 (to Moosic and Pa. 502) .

Overpass over Pa. Turnpike.

Exposure of Llewellyn Formation.

| Exposure of Llewellyn Formation showing thin coals.
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Mileage

1.
12.

w o w

12.
_13.1
13.7
14.
14.

14.9
15.7
16.1
16.6
16.9
18.1
18.7
19.2

19.9

Pass Exit 51 of I-81.

. Exposure of LTewe]1yn Formation.

Exposure showing coal seam on right.

Exposure of Pottsville Formation.

Exposure of Pottsville Formation

Pass Exit 52 to I-81.

Pass Exit 53 of 1-81 (central Scranton ExpfeSsQay).
ExpoéUré_of Pottsville Formation. On_]eft,'Roaring
beok déeply entrenched into Pottsvilie.' Course adopted
after g]aciatidn (Itter, 1938, p. 30).

Pottévi]lé conglomerate on medial strip.

Llewellyn Formation on left.

More Llewellyn. On right beautiful automobile graveyard.

_ Large silt bank on right. Source of stream pollution. -

Pass Exit 54 of I-81 (to Stroudsburg).

Bear RIGHT off I-81 at Exit 55E to Pa. 347N (to Throop).

STOP LIGHT.
Turn RIGHT off 347N onto Sanderson Street.

Electric power station. Turn Left. - Park in flat area

south of station.
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STOP 1.

Disappearing Creek and Throop Mine Fire Project. The.

purpose of this stop is to illustrate the source and magnitude of
unnecessary recharge to the underground mine pools. Eddy Creek enters
the valley from the east, and at a point just west of the Erie-Lackawanna

spur to the Industria] Park it flows north around the stripped area of the

project. About halfway around the stripped area the creek disappears

'underground. The stream channel beyond the stripped area shows little

evidence of ever having carried storm runoff. This condition existed since

“the initial stripping during the 1950's.

Eddy Creek is just one of 27 streams that enter the Lackawanna
River valley and cross the coal measures to the Lackawanna River. More than
half the streams loose their water into the underground workings mainly

by leakage from stream beds through broken strata overlying the mine openings.

Coincident with this stop is the site of the Troop Mine Fire.
The restohéd area hasrbeen.completely stripped out to extinguish burning
coal in the New County and Clark beds. The fire is believed to have
started in a_partia]]y backfilled strip pit that was used for years as
a refuse dumb. Burning refuse probably ignited exposed coal pillar
remnants in the high wall of the pit. The exploration and excavation
were carried out by the U. S. Bureau of Mines undér the Appalachian Regional

Development Act of 1965. The Commonwealth of Pennsylvania and Lackawanna
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County were coopefators. More than 50 boreholes were drilled to

determine the nature and extent of the fire. The project waé‘completed

in June 1969 after 1.2 milljon cubic yards had been excavated at a total

cost of 1.5 million dollars.

Temperatures obtained from the borehb]es dri]]ed to the voids

in the New County bed were as high as 1,000°F. Later, a sharp temperature

rise recorded in a boreho]e‘constructed down to the Clark bed indicated that

the fire had spread to the Clark bed. Several of the boreholes remain at

the site and are monitored reguTar1y by U. S. Department of7Mines' personnel.

Mileage
20.7
20.8
21.4
21.8

23.0

23.2

23.6

24.7

LeaVé the parking area and turn RIGHT on Sanderson Street.

STOP SIGN. Cross 347N (Cypress Street).

STOP SIGN. Turn LEFT on 3475 (Dunmore Street).
STOP,LIGHT.

Bear RIGHT to.enter 1-81.

On fhe left is the Marvin Culm Bank that wés on fire.
If wés extinguished”in July 1970 by the Coﬁmohwealth of
Pennsylvania.

On the left is the Marvin Breaker and an Unbdrned culm
bank.

Pass Exit 56 on I-81.

Bear RIGHT off [-81 at Exit 57E to U. S. Route 6

(tO'Carbondé1e).
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Mileage

25.1 . STOP LIGHT. Shopping mall on the right.
- 25.6 Exposure of till on the left.

“ 26.5 View of the burning Olyphant culm bank on the right.
| Bank is currently being extinguiéhed by the Commonwealth

of Pennsylvania.

- 27.7 . View of unburned culm bank on right.
‘ 27.9 Junction with Pa. Route 347.
EZ 29.5 . Exposure of till on the Teft.
29.9 " Junction with Pa. Route 247. STOP LIGHT.
- 30.1 STOP LIGHT. More till on left. B
L 30.5 ' 'Cast piles from strippings on right.
30.8 Llewellyn Formation on left. Note mine opening.
= 31.0 Turn RIGHT off Route 6. Enter Archbald Pothole

State Park.

STOP 2. Archbald Pothole State Park. For a description
- of this stop see the brochure enclosed with‘your guidebook, or proVided

at the Park. Return to I-81 by same route.

il ' 37.4 j‘ Bear RIGHT enter I-81 south.

= 38.2 | FStripped area both §ides of road for next half mile.

L. 41.5 " Exit 51. Bear right and follow I-81S (to Wilkes-Barre).
42.6 ' Skyline straight ahead on south side of I-81 is dip-slope

= on Pottsville Formation.
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Mileage ..

44.2
47.0
49.1

50.3
50.4
50.8
51.0
51.1

51.2

51.3

51.7

51.9

Pass Exif 53. Exposures of the Pottsville Formation.
Exposure of the Pottsville Formation. |

Exit 50. Bear RIGHT to U. S.Route 11, Follow signs to
Moosicrand Pa. Route 502. Exposures of the Llewellyn
Formation. |
Railroad crossing.

Junction with Route 502, continue on U. S. 11.

Turn RIGHT on Spring Street in Moosic (to 01d Fbrge).
Rajlroad crossing.

Homes on left on top of kame terrace. Terrace is
pictured and described by Itter (1938, p. 70-71).
STOP SIGN. Straight ahead behind homes is new
sewage-treatment plant serving the Scranton-Moosic
area. The first in its history. Turn LEFT on Main
Streef,‘

Bear to the RIGHT across small bridge. Lackawanna

River is on the right.

STOP SIGN. Turn LEFT on Main Street in 01d Forge.

At this street a right turn will take you to the Lackawanna.

River. Upstream from the bridge, on the left, is the
borehole that was drilled into the 01d Forge.Mine to allow

the mine pool to overflow and prevent the basements of

T




Mileage

- L " homes in 01d Forge from being flooded by mine water.
The discharge from this 36-inch borehole ranges from

30 to 40 thousand gallons per minute.

52.3 Entering Duryea.
52.8 STOP LIGHT.
- . 53.3 RIGHT turn off Main Street onto dirt lane. Park in area

where trucks and heavy equipment are stored.
'STOP 3.

" Duryea overflow. To reach point of mine-water overflow, walk

west fromrbuses along railroad embankment 300 yards past the white house.
-~ The Duryea overflow is a natural mine discharge creatéd by the filling of
the Seneca mine. The Seneca mine, unlike the mines upgradient, has no
underground overflow points capable of transmitting to downgradient mines
fhe volume of water entering the mine from the south (Ash, 1954). Thus.
the head built up on the pool to a point where it forced the overflow
LJ 4 to the surface through the strip pit; There are five other such major
discharges in the Lackawanna Valley besides the aforementiohed 01d Forge
Borehole. The overflow ranges from 15,000 to 25,000 gaT]ons'per minute, but
before construction of the 01d Forge Borehole it was more than 30,000 | |
gallons per minute. The overflow began in 1961 soon after the stripped
area was filled and restored by the Commonwealth of Pennsylvania. The filling

s ' of the pool coincided with the cessation of mining operations in the area.

Return to Main Street. Turn RIGHT toward Pittston.
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Mileage
53.5 ~ Cross over railroad.
53.6 Underpass under railroad. =
53.9 | Road to the right leads to Coxton Yards, Campbell Ledge, lj
and Ransom. Important geologic work here started with ,
I. C. White (1883) and has since been contiﬁued with the
most reéent completed work of Kehn and others (1966).
55.0 Exposure of the Llewellyn Formation. : =
55.4 "y 1htersect10n. Bear LEFT. | |
55.5 STOP LIGHT. Turn RIGHT on U. S. Route 11S. Cross the -%..J
Susquehanna River. On right: Susquehanna River Gap and
Campbe11‘LedgeL 7 | i?
55.7 ~ Junction with Pa. Route 92N. LEAVE U. S. 11, FOLLOW 92N.
56.2 "Railroad crossfng.
.56.5 Su11ivéh Trail Breaker on right. | ig
57.0 Bear LEFT off Route 92. Cross railroad, turn LEFT -
on Slocum Street. Exposure of kame-terrace deposits
may be seen all along the north side of this'street. '
57.7 Exposufes of kame deposit.Fox Hill Golf Course is on
the hill to the left. This is'kame deppsitiméntioned | {}
by Itter (1938, p. 21). =
58.0 Exposure of kame terrace on right. , A ;j

58.3 Beginning grade up to top of alluvial fan.
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Mi1eage

58.6 Source of fan material.is the gap on right. (Schooley Street).
IR '58.9 " Borrow pit exposing kame terrace showing glacially eroded coal.
i - 58.3 Kame terrace exposed behind homes.
L o 159.4 *_Kame terrace behind homes. _
f 59.6 . vTurn RIGHT offyS]ocum-Streét into bqrrow pits in kame-

. terrace deposits.

STOP 4. Kame-terrace deposits - LUNCH

Exposures of kame-terrace deposits in large borrow pit.

. A

Structures seen here include: Fore-set and top-set beds, croés-bedding,
;; till, and c011apse’stfuctures. Glacially eroded coal accents bedding features.
| An occasioha],cba] pébb]e or boulder may be seen in éxpoSure. ‘Because the
_ c6a1 weathers so rapidly, the coal pebbles or boulders do not remain 1bng.
‘ The glacially striated bedrock has been recently exposed, but it is
répid]y weathering‘away.' One half to thrée-quarter 1nch71ayers of the

rock surface are exfoliating.
Return to Slocum Street. Turh RIGHT.

59.7 © STOP SIGN. Continue on Slocum Street. Cross alluvial fan
next half mile. |
60.8 ~Turn LEFT from Slocum Street onto dirt lane. Proceed 0.1

mile. Park near borrow pit.
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Stop 5.

Qutwash deposits and sanitary landfill. At this site

vast amounts of sand and gravel have been removed from a glacial
outwash deposit. Not hampered here by high water table the area -y
provided an extremely good source of sand and gravel. A sanitary land- ‘;
fil11 occupies the ceﬁter part of the south pit. It was ordered closed ﬁﬁ

in 1967 by the Pennsylvania Department of Health, because of probable

contamination of the underground aquifer. Clay was exposed in pit, however,

due to subsequent filling by tailings from sand- and gravel-cleaning

operations, the exposures were buried. A recently constructed drainage

ditch exposed some clay on the west side of the sanitary landfill. g
The outwash deposit shows typical bedding, with interbeddéd coarse ;
sand and gravel layers and a fine-grained 1a}er near the surface. The gﬁ
underlying clay is part of an extensive lake deposit (HoT]owe11; 1971). N

Return to Slocum Street. Turn LEFT

Mileage
61.9 On the right are kame-terrace deposits and exposures of
glacially striated bedrock.
62.5 Turn LEFT onto Dennison Street
62.6 Railroad érossing. : B | ' .
63.0 ' Mine water-level recording instrument installed in | %1

borehole next to small creek.
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Mileage

63.2

64.0
64.2
- 64.5

- 64.8

65.1

STOP LIGHT. Wyoming Avenue. Wyoming Avenue runs from

 Plymouth northeast of West Pittston. Throughout most

of its length it represents,on the sdrface, the property

boundary between the underground mines. As required by
law (Ash and others, 1949; p. 9), a barrier pillar

was left beneath Wyoming Avenue. Complete mining on either

" side of the barrier pillar subsequently caused surface

subsidence. This subsidence may be séen'aTOng the avenue.

“ Undulations in the avenue and the s]opihg-of the land away

from the avenue is the surface expression of subsidence.
Many of the homes along the edge of the avenue are tilted.
Those homes away from the avenue, for the'most part, Werév
unaffected by the subsidence.

STOP LIGHT. |

Turn LEFT onto River Street - ’

On left, sheet piling dike put in by U. S. Army

Corps of Enginéers to protect'homes in Tow-lying areés-

of Forty Fort, and added onto at a later date because

of mine subsidence.

Dip in road due to mine subsidence.

STOP LIGHT. Turn RIGHT onto Rutter Avenue.
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Mileage ;
65.3 Dike on Teft, put in after 1936 flood, to prevent flooding
of the area by the Susquehanna River. ;2
65.5 “STOP LIGHT. Turn LEFT onto Church Street (Forty Fort). 2
66.1 ' Rdad Eear to right. .
66.3 | Road bears right. Straight ahead pumping plant put in to £
pump sewage and storm runoff into the river during the §;
flood stage. M
| -
66.9 STOP LIGHT. Pierce Street. Turn LEFT, .
67.2 Bridge over Susquehanna River. Note orange colored E
riyerbed caused by precipitation of Ferric Qkide éi
(Yellowboy). Ereaker on left, inactive. | i*
67.5 STOP LIGHT. Luzerne County Cburthouse on right. 2
67.7 STOP LIGHT. Main Street, Wilkes-Barre. City square -
three blocks to the right. S
67.8 ~ STOP LIGHT. Washington Avenue.
67.9 STOP LIGHT. Turn RIGHT onto Pennsylvania Avenie.
68.3 STOP LIGHT. East Market Street
68.5 STOP LIGHT. Turn LEFT onto East Northampton street.
68.6 | Railroad tracks. Near here was the Pennsylvania Canal used
to'ship coal from the anthracite region. | :
68.9 STOP LIGHT. | tj

69.2 STOP LIGHT. Empire Street.

Raand]

1|
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. Mileage

= 69.5 ‘Underpass under Highway 309. Entering Georgetown.
f 69.7 Underpéss under I-81.
69.9 Exposure of Llewellyn Formation on the_right showing

steep southward dip.

P 70.1 Railroad tracks. The southern limit of the Laure]l Run

| mine-fire project. One hundred-fifty homes, formerly

;making up. the Coﬁmunity of Laurel Run, have been removed

because gas fumes leaking up through,Basements from the

by ) burning mines below caused explosions.dnd cave-ihs, making
it dangerous to live in this area; -

70.3 _Turn LEFT onto dirt road.

70.5 STOP 6. ’

Laurel Run Mine Fire. Proceed on foot up road on left. It

- ' winds up the‘hi11 and eventually rejoins East Northampton Street. About

300 yards up the hill proceed about 200 yards east aldhg a small dirt road |

that crosses an open area. Smoke can be seen in the near distance. This

area is the largest surface exposure where extreme heat and smoke,can be
seen.
- " The mine fire has been burning in the abandoned Red Ash

R _ mine since 1915. The mine is on the slope of the East Mountain of

Wyomihg Valley about 1 mile southeast from the center of the city of Wilkes-Barre,
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Luzerne County, Pennsylvania. The mine has a surficial area of 367 acres
and a crop 1ine of the lowest bed Measuring about 8,000 feet along the -
north slope of the mountain. The mine is bounded on the east : .

by the abandoned Baltimore mine and on the north and west by the abandoned

Hollenback-Empire and Stanton mines.

|

i,

For many years the fire area was believed to be confined to the
mined-out workings in the three beds of the Red Ash mine (Bottom Ross -

Top and Bottom Red Ash)'by bakrier“pi11ars and fire seals, but there

st I RRGHGHE B

was some evidence that the fire,was‘about to cross or had already crossed
over these barriers at one or moré points and threatened to spréad to

the workings of the Stanton?Empire'mine. The spread of therfire to

these workings would not only endanger the community of Geqrgetown, which
1ies over the workings of the Stanton-Empire Mine, but would pose a much
greater danger of ultimately spreadiﬁg to adjoining abandoned mfnes tﬁat
underlie several importanf communities in Wyoming Valley. The Top Ross bed
crops out beyond the fire area and is presently not affected or éndangered

by the fire.

The danger of the fire spreading northward under Wilkes-Barre

stopped with the filling of the mines with water after the Blue Coa1 Corp.
closed their Huber mine. Sand seals were put in by the Pennsylvania

Department of Mines to prevent the fire from spreading through the barrier

st

pillars to the east and west. Current work on the project is to reinforce

Lo
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these sand seals and flush and grout under the railroad tracks on the
east end. This work is being carried out by the U. S. Department of
. Mines with Appalachian funds. The cost to excavate the mine fire is
. prohibitive because of the great depths (300 feet)'to which the fire

o
o had advanced.

N Leave STOP 6 by turning LEFT on dirt lane due west

from parking area to return to Northampton Street.

b

N Mileage
%; 70.7  Open borehole in abandoned street used to test mine fire
.T; | ‘temperature (recent measurement - 1,000°F).
E.v 70.8 Turn RIGHT on Northampton Street.
I 70.9 Railroad crossing. |
- 71.4 ‘ Turn RIGHT on New Street. Follow signs to U. S. Route
T‘ 309.
.7  71.5 " Bear LEFT to Pa. Route 309. Continue on 309 (Spring
AE‘ Street). |
73.3 " Bear RIGHT. STOP LIGHT to Junction with Pa. Routes 115
- and 315.
73.8 © STOP LIGHT.
T. 74.1 "y" Junction, Route 115 and 315 separate. Turn LEFT
i. on Route 315.

74.8 ~ RIGHT turn into Treadway Inn parking lot. END of trip.

i
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Figure 34. Map and Profile Showing Location and Elevation of Mine-water Pool:
| Also Shows Location of Burning Culm Banks and Underground Fires.
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in the Northern Anthracite Field, July 1971,
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Figure 35. Map of Wyoming-Lackawanna Valley Showing Field Trip Route and Staps.
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