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PREFACE.

LAFAYETTE COLLEGE, EAsTON, PA.,
June 1, 1878.
Prof. J. P. LEsLEY,
State Geologist of Pennsylvama

DEAR S1r: Herewith I transmit to you a report on that
part of the limestone of Lehigh county, which was surveyed
in 1875.

In the survey of the region I was assisted by Messrs. Ellis
Clark, Jr., and Ellis C. Kent, as Aids, who showed much
energy in their work.

Mr. John H. Dager assisted me in drafting during Mr.
Clark’s illness. Messrs. Frederick P. Garrettson, C. F.
Lewis, and David Hunt acted as volunteer aids, and did
good work.

It may be proper to state here that a few years ago
some Germans drove an adit in the limestone on Squire
Saeger’s farm near Ironton in search of silver-ore. Asthere
were not the slightest evidences of its existence at this
locality, or elsewhere in the Siluro-Cambrian limestones of
the Great Valley, east of the Schuylkill river, it has always
been a mooted point whether these men actually were
themselves deceived or were adventurers. Of course no
silver-ore was found.

Among the most recent discoveries in Northampton
County may be mentioned that of Laurentian limestone,
about three miles north of Bethlehem on Joseph Dech’s
farm, near to which is a gneiss in which the mica is very
largely replaced by graphite.

Chazy fossils have been discovered near Bath, the forms
belonging either to Huomphalus or Maclurea.
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I am under obligations to R. H. Sayre, Esq., Chief Eng1-
neer of the Lehigh Valley Railroad ; Joshua Hunt, Esq.,
President of the Catasanqua and Fogelsville Railroad; Gen.
Robert McAllister, President, and Mr. William Andrews,
Supt. of the Ironton Railroad ; D. O. Saylor, Esq., Presi-
dent of the Coplay Cement Co., Joseph Hunt, Esq., Ass’t
Superintendent of the Crane Iron Co., and others for valu-
able aid in the prosecution of the work.

Yours very respectfully,
FREDERICK PRIME, Jr.
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REPORT OF PROGRESS

IN THE

LEHIGH IRON ORE DISTRICT;

1875.

CHAPTER XII.

The Maps.

Of the five sheets which accompany this report, four com-
pose a contour map of the limestone portion of Lehigh
county, from its western boundary to a line a little east of
the Lehigh river.

This map is published on a scale of 1600 feet to 1 inch,
which scale it is hoped will be sufficiently large for prac-
tical purposes, being the largest on which it was practicable
to issue the sheets, and one fourth of the scale used in field
work.

The curved lines are contour lines, having a vertical dis-
tance apart of 10 feet. The numbers attached at intervals
indicate the height above the level of the ocean. In order
to ascertain this the levels of the East Pennsylvania and
Lehigh Valley railroads were taken as standards, from

- which the lines of the surveys were run. '

In running the lines and determining the contours a
Heller & Brightly mining transit was employed, and stadia
measurements taken on all the most important points.
‘While for a few unimportant interior lines an old transit
and pacing were used, care being taken to make all such’
conform to the stadia measurements.
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The topography was drawn in the field in the note books
by eye, and although no absolute correctness, except at the
points where lines were run, can of course be claimed for
work thus done, still the contours are relatively and ap-
proximately true.

In using the levels of the two railroads there was found
a discrepancy of three feet at East Penn Junction ; and as
the East Pennsylvania railroad had been first used, all the
levels of the Lehigh Valley railroad were chancred 3 feet to
correspond with it.

The arrows indicate dips ; the points of the arrows show-
ing the direction in which the rocks dip, the cross-heads
the direction in which the rocks strike or trend, and the
numbers show the amount of dip.

The colors indicate different geological formations, thus:
The Archzan (Laurentian) rocksare indicated by a red color.
The Potsdam Sandstone by yellow.

The Siluro-Cambrian or Magnesian Limestones by blue.
The Hudson River and Utica slates by a neutral tint.
The Ore mines by an ochre-brown.

The railroads are indicated by continuous thick black
lines ; and ordinary roads by parallel lines.

The numbers attached to the mines correspond to the
key-list in the southeast corner of the map. These have

been for the most part attached to them in the order in
which they were visited, and although some irregularity
has thus ensued, it is thought that no serious difficulty
will be found by those using the sheets.

On the extreme west of the map are a few mines with
numbers attached to which no reference is made in the
key-list, as they are situated in Berks County, and will be
referred to and described when the map of that portion of
the State—now nearly completed—is issued. .

It is hoped that this map will be useful, not only to
ordinary persons in showing the surface topography of the
district mapped. but also to engineers as serving in lieu of
preliminary lines.

The single sheet which alsoaccompanies this report shows
the mines at Ironton on a scale of 200 feet to 1 inch. The
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contour lines are also 10 feet vertically apart. The mine
dumps, wkich have been omitted on the map of the entire
limestone district of Lehigh county, are here given, together
with the slate nose which separates two of the mines from
the others. The key-list of colors on the sheet will explain
the different kinds of beds observed and noted.

CuAPTER XIII.
The Topography.

A glance at the accompanying map will at once show that
the southern portion is strongly accidented, the centre is
comparatively level, while the northern portion is again
accidented, though to a less degree than the southern part.

These three distinctive topographical features correspond
to three distinct geological formations.

The southern portion—colored red on the sheets—con-
sists of Laurentian rocks, composed of gneiss and allied
rocks, which weather rapidly when exposed, so as to leave
steep slopes and often almost precipitous bluffs. The
ravines, while steep, are generally of a medium breadth, at
times much contracted. ‘

In the middle—colored blue—occur the Siluro-Cambrian
limestones, which have been eroded far more uniformly
and even more rapidly than the preceding, and hence have
given rise to a valley, which is comparatively level, though
at times rolling. The limestone valleys in this Great Val-
ley, as it is called, are broad and fertile, having a gradual
fall, and the small hills slope gradually, except where the
beds have been tilted nearly vertically.

The trend of the gneisses is southwest and northeast,
being at right angles to the force which elevated them, and
which came from the southeast; thus forming the South
Mountain Range. The limestone which lies north of and
which once entirely overlaid this range, hasalso been much
folded and upturned by the same cause. The dips which
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occur in it are generally southeast and northwest in direc-
tion, the few exceptions to this rule being due to local folds
in thelimestone rocks. Simple as the limestone valley looks
onits surface, it is in reality very complicated, and the study
of its structure has been rendered much more difficult by
the comparative scarcity of outcrops. These are often a
mile or more apart, and therefore its structure, as briefly
stated in the following pages, has been much less perfectly
ascertained, than would otherwise have been the case, owing
to the difficulty mentioned.

The same remarks apply to the slate district examined, for
while outcrops are more numerous, the dips observed are
often rendered very doubtful by the intensity of the cleav-
age and the rapid weathering of the rocks ; owing to which
the hills soon become covered with a layer of soil, and the
valleys with the debris washed down into them. To this
same rapid weathering, as well as to the synclinal structure
of the hills, are due their rounded shape, as also the narrow
and contracted anticlinal ravines between them, often so
narrow that there is not a sufficient space for a wagon-road
alongside of the stream which flows through them.

The slate ridge south of Fogelsville, and Huckleberry
Ridge, are two slate hills, which, having to a certain extent
escaped erosion, have remained overlying the limestones, as
evidences that the latter were formerly entirely covered by
the slates. :

The Lehigh river, which is the principal stream, breaks
through the Kittatinny Mountain at the Lehigh Gap, and
thence has a general south-southeast direction until it
reaches Allentown. Coming in contact here with the quartz-
ite flanking the South Mountain, and being unable to force
its way through this, it turns northeast and continues its
course in the limestone until it empties into the Delaware,
at Easton.

The minor streams, which all empty into the Lehigh, have
had their courses determined in part by the folds of the
rocks, but more commonly by the erosion which they have
accomplished in the limestones.
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CuoaprTER XIV.

The Laurentian Rocks in Lehigh County.

The Laurentian Rocks of Lehigh county have only been
studied incidentally during the past year where they occur
between Shimersville and Emaus, and also north of the
latter town where they occur locally.

On the direct road from Shimersville to Emaus there are
but few rock outcrops. Two shafts have been sunk in
search of magnetic iron-ore near the road, about three-
quarters of a mile from Shimersville. When visited they
had caved in and there was nothing to be seen.

About one-eighth of a mile beyond, at Jordan’s Mine, No.
99, shafts had been sunk to the south of, and about five
hundred feet from the road ; these had also fallen shut, but
on the dump of one of them—which was about 10 feet
deep—there was a small quantity of magnetic iron-ore in
large lumps, some of which seemed very rich in iron, but
there did not appearto be much of it. Close to this shaft
were two others, about 20 feet deep, both of which had
caved in, but from the ore on their dumps it seems that
this forms thin strings in the gneiss. The latter is very
micaceous.

Nearly a mile north of Shimersville zinc-ore is stated to
occur on Nathan Kunkel’s farm ; it was searched for
closely, but no evidence of it could.be found on the surface
in the way of pieces or bowlders of ore.

Half a mile E. N. E. of Kunkel’s there is a low gneiss
hill, the rock of which is very feldspathic. The Emaus-
Shimersville road passes in a ravine between this hill and
another one due east of it. In this latter the gneiss where
observed is also very feldspathic, and the rock in both
hills is full of various cleavages.

About 600 feet east of Shelly’s brown hematite mine
there occurs in the cut of the Perkiomen railroad (now
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being graded) a black micaceous gneiss, containing a great
deal of hornblende, and the dip obtained at this point con-
firms that of the most eastern of the two hills just mentioned.

Gmeiss occurs a short distance to the east in the railroad
cut close to Daney’s brown hematite mine ; the rock is
composed of white potash mica and a much decomposed
white feldspar. This gave the gneiss a very handsome ap-
pearance, but the ready weathering of the feldspar renders
the rock unfit for building purposes.

Two miles northwest of Emaus the Little Lehigh Creek
cuts its course in a ravine, about 100 feet deep, close to
Jerusalem Church. At the southern portion of the expos-
ure Laurentian rocks occur in contact with the Siluro-Cam-
brian limestones, but to the north where the stream re-
passes into limestone Potsdam sandstone is visible overlying
the Laurentian rocks and underlying the limestone.

The Laurentian rocks consist of gneiss or mica schist ;
the dip where observed is 5°, S.20°E, but close to this oc-
curs a fold in the gneiss which dips on one side 26°, S.33°E.
and on the other 20° N.33° W. The presence also of
numerous cleavage planes, which dip 16° to 20°, N. 45° E.
tends to obliterate the true bedding and renders it impossi-
ble to obtain the true dips at other points of this confined
exposure. '

Gneiss is next met with in the hill south of the Lehigh
at Allentown, where the river makes a bend from a south-
erly to an easterly course. As but a small portion of this
hill is shown in the map accompanying this report, it has
been thought best to postpone any notice of it until the re-
port of Northampton county is issued.

A hill of gneiss occurs east of Allentown and north of the
Lehigh river just opposite to the one just mentioned, and
it expires beneath the limestone some distance west of Beth-
lehem. The gneiss outcrops are best exposed on the south-
ern side of the hill, as the Laurentian rocks on the northern
side disappear beneath the Potsdam sandstone and Mag-
nesian limestone with few exposures. One of the best
points to study the gneiss is in the now abandoned railroad
cut. Wherever the gneiss could be seen it was horn-
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blendic in character, with the hornblende in places changed
to a yellow epidote, and occasionally containing a little
calcite. Owing to the ready crumbling of the rock, it
it is in several places decomposed to a sand. In this con-
dition it is used for building purposes, notably in the sand-
pits on the road south of the Lehigh Iron Works at East
Penn Junction ; it is however but little suited to this pur-
pose, as it contains but little, if any, quartz, and is com-
posed almost exclusively of decomposed feldspar and horn-
blende. This tendency to turn into sand prevents it from
showing many outcrops, and gives rise to numerous bowl-
ders which conceal the rock in place. Its general position
and structure can be best seen from the map, it being
premised, however, that some of the dips are uncertain
and may be only cleavage, as the rock is a very massive one
and gives few indications of bedding.

The presence of Laurentian rocks with Potsdam sandstone
at the exposure north of Emaus, on the Lehigh east of
Allentown and north of the river, at Quaker Hill north of
Bethlehem, and at Chestnut Hill north of Easton, tends to
prove that the total thickness of the Siluro-Cambrian lime-
stones is small and that the great thickness of those rocks
observed in Central Pennsylvania and further south in the
Great Valley, has been replaced by a maximum thickness of
probably not more than 2,000 or 2,500 feet.

CiAPTER XV.

The Potsdam Sandstone (No. 1) in Lehigh County.

On page 7 of the report for 1874, it is stated that Pots-
dam sandstone is nowhere seen on the northern flank
of the main range of Archaan rocks within the district sur-
veyed. This was an error, as it was well known at the time,
that a small patch of Potsdam sandstone* occurs about half
a mile south of Millerstown as a low ledge dipping N. 7° to

* Mentioned in Final Report First Geological Survey of Pa., Vol. I, p. 196.
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9° W., and having a dip of 9° to 16°. In addition to this,
another small patch occurs about half a mile southwest of
this point, high up on the mountain flank, which dips S.
85°W.30°. As remarked on the same page of the 1874 re-
port, the whole summit of Lock Ridge is covered on its
northern flank by the Potsdam sandstone, containing a great
abundance of Scolithus linearis. From the locality south
of Millerstown, the sandstone seems to be altogether want-
ing, until a point due east of the Emaus furnace and of
mines Nos. 105 and 106 is reached, where it occurs in a roll,
forming a terrace just above the limestone, and in conse-
quence of the fold, has an apparent dip of 21° to 32°, 8. 42°
E. ; from here on it is continuous to a point a little beyond
mine No. 193, where it disappears, being buried beneath
clay and limestone. In this entire distance it has a toler-
_ ably constant northwest dip, varying in amount from 43°
" to 58° and conforming in strike to the mountain flank.
Potsdam sandstone is mentioned on p. 6 as occurring
on the north side of the gneiss outcrop near Jerusalem
Church, on the Little Lehigh creek. Its predominant dip
isnorthwest. The character of the rock is totally different
from that met with elsewhere, being softer, more shaly,
very thinly bedded, containing apparently more damourite
than at other localities, and in places much decomposed.
The outcrops are few, but sufficient to show it as occurring
on the northern flank of the gneiss, while it seems to be
totally wanting on the south. It is closely overlaid by
the limestone, which is conformable with it. In this two
shafts have been sunk in search of brown hematite ore.
One of them had fallen in; the other gave the following
section, commencing at the surface: .

Gravel, clay, andore,about, . . . . . . .. ... .. ... 8

Damouriteslate, . . . . . .. ... .......... 8"
Browneclay, . .. .. ... ... ... 10"
Decomposed rock, about, . . . . . ... .. .. ..... 12"
Loose Potsdam sandstone, . . . . . . .. ... ..... 12"

Solid Potsdam sandstone in the bottom.
The ore found was insufficient in quantity to pay for
mining.
It may be remarked here that the Potsdam sandstone at
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this point as well as along the main range of the South
Mountain occasionally contains a thin film of martite or
red hematite ; which is practically of no importance.

The Potsdam sandstone again re-appears in the quarry on
the mountain side just above the furnaces of the Lehigh
Iron Co. at East Penn Junction, where it has been quarried
to a depth of 21 feet, which must be very nearly its total
thickness, as syenitic rocks occur within 10 feet of it, the
contact being covered up. Here also the rock has a general
northwest dip of 26° to 37°. A little beyond to the east it
has been cut away for a short distance by the Lehigh river,
but soon re-appears again. The finest exposure of it thus
far observed is at Henry Seller’s quarry about 1} miles east
of East Penn Junction just south of and above the Lehigh
Valley railroad. Here the lowest beds of the sandstone are
distinctly exposed and differ much in character from the
upper ones. The latter are a hard, compact quartzite,
while the former are a distinct puddingstone, composed of
pebbles the size of a man’s head to the size of ahen’s egg or
smaller. Often, too, these layers contain fragments of red
feldspar (orthoclase) which are perfectly fresh and of a
dark-red color, imparting a reddish appearance to the en-
tire rock, a portion of the color being due, however, to the
peroxidation of the ferrous oxide originally present in the
rock. Well preserved specimens of Scolithus are also
found in Henry Seller’s quarry near the Lehigh and east
of East Penn Junction. '

At all the other points mentioned the rock has the char-
acteristic appearance mentioned in the report for 1874, al-
though occasionally, as at the outcrop of 58° nearly due
south of mine No. 107, it is conglomeratic in character,
while at this mine a few specimens of. ScolitZius were ob-
served in the quartzite.

A little west of the quarry just mentioned and close to the
Lehigh Valley railroad track, the junction of the Potsdam
sandstone and Laurentian rocks can be well seen. Thedips
of the two rocks seem to be conformable, but this may be
wrong, as the exposure is small and the gneiss apparently
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has a slight roll. The gneissic rock is here distinctly bed-
ded.

A layer of rock, directly beneath the Potsdam, and only
2 inches thick, was analyzed by Mr. F. A. Genth, jr., with
the following result :

Biliea, . . . . . . ... .o 52.09
Ferricoxide, . . .. .. .. ... ............ 11.61
Alumina, . . . . . . ... L L o e e 19.80
Manganousoxide, . . . . ... ... ... ........ 0.07
Lime, . . . . . .. .. ... e e 0.33
Magnesia, . . . . . ... .. e e e e e e e e e e e e 8.15
Ferrousoxide,. . . . . .. . . . ... ... .. ..... 2.64
Potash, (withatraceofsoda,) . . . ... ......... 7.89
Loss on ignition, . . . . . . .. ... ... ... R - B 0 §

100.69

Thus showing the rock to be essentially damourite, con-
taining a little magnetic oxide of iron.

Directly under this is a gneissoid rock containing mica,
and a partially altered hornblende, under which lies a horn-
blendic rock decomposed to a serpentine-like mineral.

It is possible that these gneissic rocks which seem to lie
conformably with the sandstone, and which are true gneisses,
are in reality Lower Potsdam, and a further study of these
points, in connection with the South Mountain rocks is
necessary in order to decide this question.

Crossing the Lehigh river Potsdam sandstone of the same
character as that just described occurs on the west and north
flanks of the gneiss hill east of Allentown, having a vary-
ing direction of dip conforming to the outlines of the hill.
The discrepancy in the dips, as shown on the map, is more
apparent than real, being due to the sandstone folding
around the flank of the hill, and to local flexures of the
rock.
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CoaPTER XV

The Magnesian (Siluro Cambrian) Limestone Formation
(IVo. II) in Leligh County.

‘When the report for 1874 was written, so little of the lime-
stone formation of Lehigh county had been examined that
it was impossible at that time to do more than call attention
to it in a very general way, and a general discussion of it
was then impracticable. For the sake of clearness, I will
repeat from that report, that under the name of Magnesian
limestone, or as designated by the Pennsylvania Gteological
Survey, Formation ZVo. 11, is comprised the Calciferous
sandrock, the Chazy, Birdseye and Black River limestones
of the New York geologists*. Lithologically it seems to be
impossible to make any distinction between the limestones
which must belong to different geological horizons ; for lime-
stones from the top of the series, close to the Trenton lime-
stone, look quite as much like those from just above the
Potsdam sandstone (No. I)as do specimens taken from two
beds in the same quarry not 10 feet vertically apart. No
traces, either lithological or palaontological, have been
found by which the Calciferous sandrock, (said by Rogers
to occur near Easton,) can be recognized or differentiated
from the other formations.

There are however certain marks which would seem to
characterize the lower limestones to a certain extent, but
they are not infallible. The most characteristic distinction
is the presence of large quantities of chert in the lower
limestones, which form nodular and lenticular masses of
greater or less size in these rocks and which are not appa-
rent in the upper beds. The chert frequently contains cav-

*The Birds-eye and Black River limestonesshould perhaps be grouped with
the Trenton, as probably overlying the break represented in the west by the
8t. Peters sandstone.
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ities, often rhombohedral in form, and stated by Prof. Saf-
ford* to be due to crystals of dolomite since dissolved out.
In many places also the limestone is odlitic, but attempts
made to use limestones of this character as indications of a
geological horizon have proved a failure owing to the fre-
quency and irregularity of their occurrence, it being found
that a bed of limestone which is odlitic may entirely lose "
this character in the course of a few feet along its line of
strike. Still this odlitic texture is often a very striking
feature in a limestone exposure; the rounded grains are
generally a little larger than a sturgeon’s roe and vary in
quantity, so that while at times a bed is so thickly studded
that barely enough space is left for the paste which holds
them together, in other places the globules occur scattered
sporadically through the mass of otherwise homogeneous
crystalline limestone. The odlitic texture of limestone has
been commonly explained by the occurrence of some minute
nucleus—usually a grain of sand—around which concentric
layers of carbonate of lime have been deposited, but this
explanation is not always very satisfactory.

It frequently happens also that the limestone occurs as a
breccia-bed between two layers of a homogeneous character.
The fact of this occurrence has been used by some persons
asan argument in favor of the idea that these brecciated beds
having been formed out of the débris of the older forma-
tions.. This explanation which seems plausible at first sight,
must on a closer examination of the brecciated limestones
occurring in Lehigh and Northampton counties be rejected.
Any one observing the brecciated beds of the Magnesian
limestone of these counties will at once perceive that these
layers occur almost without exception—none have been
noticed in the course of the Survey—between strata which
are apparently homogeneous, and also that the angular
fragments composing the rock as well as the paste cement-
ing them are ezclusively carbonate of lime or else -dolo-
mite. Besides which the brecciated beds occur in all
horizons from the base of the limestone formation to its top.
All of these facts tend to prove that beds which were origi-

# See Safford’s Geology of Tennessee, P. 215.
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nally as compact as those immediately over and underlying
them have been fractured in place subsequent to their first
Jormation, and the fractured fragments afterwards cemented
together by the percolation of waters carrying calcite or
dolomite in solution ; these substances being obtained,
very probably, from a partial solution of the fractured frag-

"ments. The fracturing of the beds was due to the flexures
and foldings which they have undergone since their deposi-
tion, and to the fact that being less pliable and elastic than
those by which they were enclosed, they were compelled to
break in order to yield to the enormous pressure to which
they were subjected.

This explanation does away at once with the otherwise
necessary hypothesis of the preéxistence of older rocks
from which these breccias were formed.

As typical localities, may be cited Mary Kohler’s quarry,
about three-quarters of a mile west of Whitehall Station
on the Lehigh Valley railroad; and on the Jordan, just
north of Helfrich’s Spring.

The character of the limestone is found to vary much as
to texture, color, hardness, structure, and composition.
Some beds are compact, others crystalline. Blue and dove
are the most common colors, but at times the limestone is
seen to be almost white, at others nearly black ; while the
blue varieties are of all shades. Some beds of the rock
are very hard, this being most common in the dark-blue
ones, while others are soft, weather to a sandy rock on
exposure in quarries and outcrops, and can readily be
disintegrated to the depth of % to £ inch when rubbed be-
tween the fingers. The harder rocks have resisted, to a
much greater extent than the others, the disintegrating
and dissolving action of the weather and subterranean
streams, consequently they often form ridges more or less
prominent, and have directed the course of the surface
rivers and creeks.

This is very well exemplified in the steep monoclinal
bluff of hard limestone, which bounds the Jordan about
one quarter of a mile N.W. of the Thomas Iron Company’s
Mine, No. 149.
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Being hard, these rocks are well adapted for curbing and
crossing stones, and extensive quarries for this purpose
have been opened close to and north of the Jordan, three
quarters of a mile east of Orefield. The excellent stone
here quarried needs only to be better known to be widely
used for the purposes mentioned.

The softer beds, on the contrary, have often yielded to
the solving action of water, by which means many of the
sinking streams, so common in the limestone, are formed,
which, disappearing, continue their course in a subterra-
nean channel, and either join larger rivers through under-
ground mouths, or, meeting with some resistance, re-appear
at some far distant point. The result of the dissolution of
these beds is often to let down such superincumbent ones
as have a stability insufficient to resist the loss of support,
thus producing the frequent sink-holes and depressions
in the limestone country, so common everywhere, as well
as numerous foldings and crimpings of the beds. It fol-
lows, then, as a natural sequence that dips are often ob-
tained apparently contradictory in direction, but which are
only local, and do not in any way change the general trend
and inclination of the strata.

With respect to structure, the farmers distinguish two
kinds of limestone, called by them rock and slaty limestone.
The former comprises those which occur in massive beds ;
the latter, those which are slaty or shaly. The rock lime-
stone is considered by the farmers to make a better manure
than the slaty variety ; and they are probably correct, as
the slaty structure is in part due to the presence of greater
quantities of silicate of alumina, which is valueless as a ma-
nure. It sometimes happens that the limestone, composed
of pure calcite or dolomite with, a few per cent. of silica as
impurity, occurs very thinly bedded and much resembles
slate in appearance, often giving out a ringing sound when
struck. At other localities the limestone is very shaly
and easily decomposed and rather clayey in appearance
due to the presence of large quantities of alumina.

The limestone sometimes possesses a very peculiar ap-
pearance, more closely resembling clam shells planted as
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closely together as possible with their convex sides upper-
most. Although this structure has been carefully exam-
ined, no nucleus could be found accounting for such a
formation.

As regards composition the limestone may be considered
as composed of varying proportions of 'carbonates of
lime and magnesia together with greater or less quantities
of silica and alumina. The proportions of these different
substances vary considerably. Prof. W. T. Roepper of
Bethlehem and Mr. William Firmstone, Superintendent
of the Glendon Iron Co., both inform me, that as the result
of numerous analyses, they have become convinced that
the carbonate of magnesia is, on the whole, greatest in the
beds nearest the bottom of the series and closest to the
South Mountain and that it decreases as they recede from
these and approach the slates (No. III). It is certain that
the beds which belong either 'to the top of the Magnesian
Limestone (No. II) or to the Trenton Limestone are so much
richer in alumina that they are well adapted to the manu-
facture of cement.

For the sake of comparison analyses of the ordinary
Magnesian Limestone are subjoined; for additional ones
the reader is referred to Report of Progress, Lehigh Dis-
trict, for 1874, pp. 10, 11 and 12.

L IL. III Iv. V VI

Insoluble residue, . . . . 8.980 10.750 8.400 11.070 10.980 7.850
Ferrous Carhonate, . . . 1.085 1.450 .538 1.398 1.305 1,188
Bisulphlde of fron, . .. <030 611 268 <105 320 .238
Alumina, . ..o ... 070 J40 .085 860 .300
Carbonate of lime, . .. 49.316 51.558 86.036 70.750 56.220 83.632
Carbonate of magnesla, 40.463 85.218 4.59%4 15.256 31.201 5.462
Phosphorus, . .. .... .008 .018 .018 .019 .005 028
Carbonaceous matter, . . +250 210 420 120 120 .835
Water, ... ... [ O TR T I L

100.239 99,953 100,337 99.578 100.451 99,231

I. Brecciated limestone from Mary Kohler’s quarry, £
mile west of Whitehall station, Lehigh Valley railroad.

II. Hard limestone from Ephraim Wenner's quarry,
leased by the Crane Iron Co., at the Jordan Bridge of the
Catasauqua and Fogelsville railroad.
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III. Soft limestone, same locality as IIL.

IV. Limestone from Edward Guth’s quarry, near Guth’s
station, C. and F. R. R.

V. Thomas Iron Co’s gquarry, at Guth’s station.

All of these specimens were analyzed by Mr. A. 8. Mc-
Creath. '

VI. Ironton railroad Co’s quarry, one mile E. 8. E. of
Ironton; analyzed by Mr. D. McCreath. Thin films of
fluor spar were occasionally seen in this quarry.

The following analyses were kindly furnished me by Jo-
seph IIunt, Esq., Asst. Supt. of the Crane Iron Co. The
analyses were made in February, 1876, by Mr. J. B. Britton :

All these samples were talken from different beds in
Troxell’s quarry, worked by the Crane Iron Co. at the
Jordan Bridge of the Catasauqua and IFogelsville railroad.
Of these A, the lowest bed, has a dip of about 50° and is
farthest away from the railroad, while I, the topmost one,
is nearest the railroad and has a steeper, almost vertical
dip. Beds F to I, inclusive, are not worked.

These beds were still farther analyzed by Mr. James
Gayley, chemist to the Crane Iron Co. For this purpose
A was sub-divided into 5 layers, B into 6, C into 2, D into
4,and E. into 1:
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The beds in this quarry are lower than those at Troxell’s;
A is the bottom of the quarry, N the top bed ; 1 and 2 are
loose lots picked up from the loose stones in the quarry in
order to ascertain the average.
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Fluor spar has thus far been only found in the quarry
of the Ironton railroad company, forming thin films in
the limestone.

An element changing the composition of the limestone is
hydromica or damourite, which in addition to forming
‘large bodies of slate, mentioned elsewhere, also occurs in-
tercalated asthin beds half aninch or more in thickness, be-
tween the beds of limestone. The hydromica is often
decomposed to clay, and occurs very frequently, so that
often a hundred or more of these layers may be seen in the
thickness of a few feet. In all such cases the hydromica
is conformable to the stratification and bedding of the lime-
stone.

Sometimes, however, the hydromica occurs in leaves
thinner than a sheet of paper, completely intermingled
with the limestone, and so thoroughly incorporated as to
make a separation of the two impossible. In such cases
while the hydromica seems to have been formed cotempo-
eraneously with the limestone, it apparently crosses the
plane of bedding, giving rise to a suspicion that it may be
a subsequent depositicn. An example of this is to be
seen, amongst others, in the limestone in the bottom of the
Ironton railroad Co.’s mine. How this hydromica should
have permeated the limestone subsequent to the formation
of the latter is a matter difficult to explain, as the rock is
itself fresh and- hard, showing no evidence of water perco-
lation. On the other hand the manner in which the dam-
ourite crosses the bedding of the limestone renders a
cotemporaneous formation with the latter difficult of ex-
planation.

While fossils are practically absent in the limestone of
Lehigh county, a few have been found, insufficient in
quantity to trace the different formations, but still enough
to prove the age of the limestone rocks as a whole.

Mr. Clark discovered the first in June, on Nero Peter’s
farm, in a quarry two miles east of Ballietsville, where he
found the section of a Maclurea, and some smaller ones,
whose cross section showed that they belong to the genus
Euomphalus. While it was impossible to determine the
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species, the characteristics of the fossils indicate that they
belong to the Chazy formation.

Later in the season fossil casts were found in the lime-
stone forming the bed of Jordan Creek, just west of Hel-
frich’s Spring, close to the point where a portion of the
stream passes into its underground passage to reappear on
the east side of the cave. These were recently determined
by Prof. Torell, Director of the Geological Survey of
Sweden, to belong to his genus Monocraterion, which has
thus far been only found in Sweden, in rocks which are the
equivalent of the Harlech or Longmynd beds, or in other
words of Cambrian age. This species has been named M.
Lesleyi,* in honor of the State Geologist of Pennsylvania.

A good half mile northwest of this locality about a
dozen specimens of a lingula were found in John Schadt’s
quarry, the species being most unfortunately undeter-
minable.

A portion of an orthoceratite was also found in a bowlder
about 1,000 feet north of the tavern at Scherersville, but in"
too imperfect a condition to permit of its identification.

It will thus be seen that while the fossils were too few in
number to permit of the separation of the Magnesian lime-

stone into different members, the palaontological evidence
is sufficient to prove (as the great majority of the geolo-

gists have always supposed,) the limestone to be of Siluro-
Cambrian age.

*8ee Appendix A p. 79 of this Report.
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CHAPTER XVIIL

The Damourite Slates.

In the report for 1874 reference was made on page 12 and
those following to the occurrence of damourite slate and
the clay resulting from its decomposition. The progress of
the survey during the past season has developed the fol-
lowing facts with respect to the occurrence of these slates
in Lehigh County.

There are two great occurrences of damourite slate ; the
one directly over the Potsdam sandstone, (No. I), occurring
always in connection with the latter, and often seen when
the sandstone isno longer apparent ; the second is found at
or close to the contact of either Magnesian or Trenton lime-
stone with the slates (No. III). In both cases it is found to
vary in thickness, being sometimes but a few feet while at
others 100 feet or more. At times the slate is found fresh
and unchanged, but more commonly decomposed to a clay
whose normal color is white, but often colored more or less
brown from the presence of oxide of iron. The presence of
these slates and clays is of great economical importance, as
they carry the iron ore on which the furnacesof the Lehigh
Valley are in great part dependent for a supply, to mix
with the magnetic ores from New Jersey and our own South
Mountain. The explorations made show that these two
great deposits are of different ages, one being immediately
antecedent and the other directly subsequent to the forma-
tion of the Siluro-Cambrian Limestones. The doubt as
to the geological position of the slate mentioned on page 14
of last year’s report has been satisfactorily solved by the
discovery that damourite is constantly found intercalated
between limestones as mentioned on p. 21 of this report.

It is due however to call attention to the clays resulting
from the decomposition of these slates, since they may in
the future become of economical importance. Their fre-
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quent pure white color would recommend them for the
manufacture of pottery, &c., provided their chemical com-
position would permit of their use, and the fact that the clays
vary in composition has been sufficiently shown by the
analyses given in the report for 1874. These clays will not
do for fire-brick, as they are not sufficiently refractory.

Other varieties of these clays, while not adapted from their
composition for making porcelain, will, no doubt, be valu-
able for the manufacture of drain-pipes, tiles, earthern ware,
&ec. '

It is impossible for the Survey to make analyses of these
damourite clays in each bank, but the attention of mine
owners and pottery manufacturers cannot be too urgently
drawn to the subject ; for if the composition of any of them
be adapted to the manufacture of porcelain, &c., they can
be very easily and economically mined, and conveyed to the
potteries.

The chief points to search for the damourite slates and
their resulting clays are at the junction of the Potsdam
sandstone with the limestone, or in other words, close to
northwest flank of the South Mountain Range.

Of equal importance are the localities at the junction of
the Trenton limestone with the slates of No. IIL.

In addition to these, there are numerous points where the
damourite slates and clays are found, generally associated
with iron ores. They need not be looked for where the
limestone crops out to the surface, but occur where the

latter is absent.
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CuHAPTER XVIII.

The Iron Ores.

The iron mines examined during the past season all oc-
cur in the Siluro-Cambrian Limestones, generally associated
with damourite slate and its products of decomposition.
The mines are given in this chapter, for the most part,
according to their geological position, in part, however,
in the order in which they were visited.

Mines at the Foot of the South Mountain.

Charles Reder’'s Mine, No. 192. It consists of a small
pit, about 8 feet deep, in which there is a good deal of rich
ore associated with white clay (decomposed damourite
slate.) The excavation was not being worked when visited,
but it presents a favorable appearance, and is certainly
worth further explorations.

Desh’s Mine, No. 100. A small opening ; too little worked
to judge as to the value of the locality. o

Shelly’s Mine, No. 101 ; leased by — Shankweiler. This
pit is 10 feet deep ; there are about 5 feet of clay on top,
while the ore occurs in strings and veins in damourite slate.
The mine was not being worked when visited, and has been
but little opened. From what could be seen, the mine looks
promising.

Elias Daney’s Mine, No. 102, is leased by the Coleraine
Iron Co. The ore occurs associated with white clay, but
the pit had not been worked for three years when visited,
and consequently the sides were so washed, and there was
so much water in the bottom, that it was impossible to see
anything. , The ore from this mine, analyzed by Mr. D. Mc-
Creath, gave the following result:

Irom, . . . . . . e e e e e e e e e e e *45.200
Manganese, . . . . . . . . ... ... 2.182
Sulphur,. . . . . . ... o e e 0.028
Phosphorus, . . . . . . . ... ... 000 0.657

Insolubleresidue, . . . . . ... ... ....... .. 12,780
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The foreman at the mine had a single specimen of ilme-
nite (titanifereous iron ore) which he said had been found
in the top clay when working the mine. This was sent to
Mr. A. S. McCreath, who analyzed it and reported :

Siliea, . . . . . . . ... e 8.37
Lime, . . . . . . . . . e e 0.52
Magnesia, . . . . . .. ... oo oL 8.87
Alamina, . . . . . . ... .. 0 0 0o oo 2.79
Titanicacid, . . . . . . . . . e e e e 32.18
Phosphorus, . . . . . ... e e e e e e Trace.
Sulphur, . . ... .. ... .. .. 00000 None.
Manganese, . . . . . . . . . oe e e e e e e e e . 0.35
Iron, . . .. .. & i e e e e 88.16

This latter partly as ferrous, partly as ferric oxide. This
specimen is evidently extraneous, as but a single one has
been found. '

Daniel Schwartz’s Mine, No. 103. There are about 15
feet of surface soil above the clayand ore. In the west end
there is a mass of flint or quartzite colored black by iron
and intermingled with ore, which is all broken up. Over
which lies bedded gray flint, and beneath the ore white
clay. In the middle and east end the show of ore is better.
The pit is worked at these points and contains ore as far
down asit is worked. Where seen clay occurs intermingled
with and apparently underlies the ore. In the east end the
ore apparently dips southeast. The middle of the mine is
leaner than the east end. The mine has been worked many
years and a large amount of ore taken out of it, but present
appearances would indicate that it is not far from being
exhausted. The ore from this mine was analyzed by Mr.
D. McCreath, who found :

Iron, .. ... D e e e 34.000
Manganese, . . . . . . . ... . e e e e e 0.115
Sulphur,. . . . .. ... oL 0.020
Phosphorus, . . . . . . . . . .. ... .0 0. 0.676
Insoluble residme, . . . . . . . . .. ... . ... ... 37.695

Emaus Iron Co.’s Mine, No. 104, is 10 feet deep and not
worked. * The ore, of which there is very little in sight,
occurs as strings in drift deposits of Potsdam sandstone.
This mine did not look promising.

Charles Bader’s Mine, Nos. 105, 106, leased by the Allen-
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town Iron Co. These mines are not worked and there is
only white clay in sight.

Trexler and Kline’s Mine, No. 107. This pit is now
abandoned and apparently exhausted, having been worked
to the underlying Potsdam sandstone. White clay has
immediately overlaid the sandstone, since remains of it can
be seen in the crevices on the upper surface of the latter.
It may be possible, although not very probable, that more
ore will be found on descending deeper. At this pit, also,
white clay underlies the ore. Samples of the latter were
collected and sent to Mr. David McCreath for analysis,
who found :

Iron, . . . . e e e e e e e e e e e e e e e e e 86.500
Manganese, . . . . . ... e . e e e e e e e e 1.825
Sulphur, . ... ........ .00 0.107
Phosphorus, . . . . .. . ... .. ... ... 0.547
Insolubleresidue, . . . . . . .. ... ... ... ... 31.215

Henry Kline’s Mine, Nos. 108, 109. These were only
small pits, abandoned and in which nothing could be seen.

Unknown, No. 196. This mine is abandoned and has not
been worked for a considerable time, so that little could be
seen. The ore does not appear to have occurred in damour-
ite slate, but rather associated with gravel. This would
indicate that the ore was not in place, but had been washed
into a depression of the surface. A fact which is confirmed
by the distance of this mine from the base of the South
Mountain.

Jessie Kline’s Mine, No. 110. In this pit, now abandoned,
the ore and clay can be seen conformable with the underly-
ing Potsdam sandstone, the latter containing Scolithus.
There are places where it looks almost as if the sandstone
was running into limonite.

Iron, . . . . . . e e e e e e e e e 47.200
Manganese, . . . . . ... ou 4 e e e e e e e e e e 2.709
Sulphur, . ... ... ... ... ... 0.039
Phosphorus, . . . . .. ... ..o oo 0.075
Insolubleresidue, . . . . . . . . ... .. ...... .. 14.980

Henry Kline’s Mine, No. 111, leased. by Jobst and .
There are two openings here. At the smaller one, which
lies just below the gneiss of the South Mountain there was
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a small nest of black oxide of manganese, 8 inches thick,
which has since been worked out. The ore lay directly
against the Potsdam sandstone. There is white clay in this
pit, which is very gritty and is in part decomposed Pots-
dam sandstone. The gneiss, under the sandstone, is granitic,
very quartzose and contains a little matite or red hematite.
In the larger pit the mine had been only re-worked a single
day when it was visited. There was not much orein sight, the
little that was seen, lying in white and yellow clay. At the
east end there is Potsdam sandstone in the bottom, appar-
ently in place, with an undeterminable dip. The ore is here
very close to the sandstone and must be sought for in depth,
if presentat all. Samples of it were analyzed by Mr. David
McCreath with the following result:

Irom, . . . . . .. e e e e 80.100
Manganese, . . . . . . .. . .. ... . 0.489
Sulphur, .. .. .. ... ... .00 0.062
Phosphorus, . . . . ... .. ...... ... 0.299
Insolubleresidue, . . . . . . .. ... ... ... ..., 48.035

Henry Kline’s Mine, No. 112. At this pit, which is
abandoned, nothing can be seen. A shaft has been sunk
through the clay 30 or 40 feet, but from the character of the
material on the dump little or no ore has been found.

Martin Kemmerer's Mine, Nos. 113, 114, 115. The first
pit is now abandoned and full of water. Shafts have been
sunk around it and again filled up. On the dumps can be
seen a little pipe ore and white clay. Nos. 114, 115, are both
abandoned and grass grown. The ore has either been ex-
hausted, or deeper, workable deposits of ore have not been
touched by the shafts.

Keck and Ritter’s Mine, Nos. 116, 117, leased by Emaus
Iron Co. No. 116 is abandoned and no ore can be seen on
the banks. In No. 117 the ore is sporadically distributed
in yellow clay. Not far from the bottom there is a bed of
white clay about 6 inches thick. It may be that the ore in
the bottom is in place, but it does not present that appear-
ance. There is a great deal of flint associated with the ore.
The mine does not present a very promising appearance.
The ore was analyzed by Mr. A. S. McCreath who found :
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Iron, . . . . . . . . e e e e e 89.250
Manganese, . . . .. ... ... ..., ... 5.612
Sulphur, . . .. . . ... .. 00 0.029
Phosphorus, . . . .. ... ... .. ... L L. 0.149
Insolubleresidue, . . . . . . . ... . ......... 21.880

G. Kline’s Mine, Nos. 118,119, 120. No. 118isabandoned ;
there is a great deal of lump ore on the dump. Thesidesare
caved in, but at one point the Potsdam sandstone was seen
decomposed toa beautiful variegated sand. The ore wastaken
from clay and damourite slate directly overlying the sand-
stone. Of the two pits at No. 119, the southerly one shows
nothing. A drift has been driven in close to it, in which
nothing can be distinguished, and which does not penetrate
very far. On the other pit and at No. 120 nothing can be
seen, but a number of shafts have been sunk and there is
quite a good deal of lump ore on the dumps, apparently
enough to pay for working when the present depressed
period in the iron industry improves.

Stein’s Mine, Nos. 121, 122. No