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GEOLOGY OF THE COUNTRY AROUND OLDHAM, &c.

Chapter 1.

Physical Geography.

The district embraced by this memoir includes portions of tlie

counties of Lancashire, Yorkshire, and Cheshire, the boundaries of

the three counties meeting at a point on the river Tame, near Mossley.
It comprehends also the following important towns :—Manchester at the

south-west, Rochdale at the north, Ashton-under-Lyne and Staleybridge

near the south, and Oldham in the centre. It is traversed by portions

of several considerable streams :—The river Eoch, which taking its rise

in the high moorlands north of Rochdale, passes through that town,
and after winding through some hilly ground, composed of Lower and
Middle Coal-measures, and opening out several fine sections in these

strata, joins the Irwell, south of Bury.
The Irk, which wanders through many miles of the central and

western parts of the Sheet,* except in the immediate neighbour-

hood of Manchester, is almost valueless for any light it throws on
the geological structure of the district. After tracing this stream to

its source, the geologist is disappointed in his hopes of finding sections

cut down into the solid strata, and the only object which meets his eye

at every elbow of the stream are banks of sand and boulder clay.

A similar statement is applicable to the Medlock, the sections which
it aflfbrds being almost exclusively contained within a short distance of

Manchester and the neighbourhood of Bardesley. These, however, are

of such interest as somewhat to atone for the unproductiveness of the

stream in a geological point of view throughout the remainder of its

course.

The most interesting of all the streams which traverse this tract,

both for the number and value of the geological sections it opens up,

and the beauty of the scenery along its banks, is the riyer Tame. It

takes its rise in the high moorlands at the north-east of the district,

which form the watershed of this part of England, It then flows

southward, gathering strength as it goes, by the confluence of several

mountain streams, of which the principal are Diggle 3.nd G-reenfield

brooks, also having their sources at the watershed, and continues

southward to Staleybridge, when it bends sharply to the west, crossing

the whole of the Coal'Series at Ashton-under-Lyne, and then turning

again to the southward, flows into the Mersey near Stockport. Thus
within a distance of about 12 miles, measured in a straight line

along its course, and obliquely to the general strike of the strata, this

river passes from the Limestone Shale or Yoredale Rocks, through the

* Sheet 88 S.W., one-inch scale, of the Ordnance and Geological Surveys.
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6 GEOLOGY OF THE COUNTRY AROtTND OLDHAM, &C.

Millstone Grit, Lower, Middle and Upper Coal-measnres, and Permian

formations up into the New Eed Sandstone, in many places affording

interesting and instructive views of the formations. These sections are

often cut down through a thick covering of Drift deposits of clay and

sand ; and the river as it flows passes gradually from the mountainous

tract of the "back-bone" of England into the rich and picturesque

scenery of lowlands.

All the rivers here referred to ultimately flow into the Mersey, and

thus reach the Irish Sea at Liverpool.

The scenery of the tract embraced by this Sheet is highly diversified,

and corresponds more or less with its geological structure. As a

general rule, the lowest formations form the highest ground. The tract

composed of New Eed Sandstone, Permian, and Middle Coal-measures,

is for the most part flat, the hills are mere undulations, formed

generally of drift sand. The highest ridge in the Coal-measures is

Oldham Edge, formed of a very massive red sandstone, called the

" blenfire rock," which there reaches an elevation of 800 feet, and in

its extension southward to Glodwick Low, rises 745 feet ; but these are

exceptional elevations for this part of the Coal-series.

Beyond the margin of the Middle Coal-measures there is a tract of

hilly country composed of Lower Coal-measures or Gannister beds.

This extends along the northern edge of the map by Birtle and Eoch-

dale to Helpet Edge, and southward to beyond Staleybridge. It

generally consists of parallel ridges of flagstone and grit, divided by
valleys of shale. Beaching higher elevations than the beds of the Middle

Coal-measures, but lower than those of the Millstone Grit, the Gannister

beds form, both in geological position and in their outward configuration,

an intermediate group, distinguishable from, yet closely related to, both.

Some of its hills reach considerable elevations. Thus Tunshill Hill

reaches a height of 1,000 feet, Helpet Edge 1,287 feet, Besom Hill

1,150 feet, Count Hill 1,025 feet, Boardman's Edge 911 feet. May Hill

north of Staleybridge, 800 feet. The same range of hills extends

southward into Cheshire, by Marple, Disley, and Kerridge.

To the northward and eastward of the range just described, the high
moorlands of Lancashire and Yorkshire commence. This tract is in

reality a section of that central ridge which stretches from Derbyshire
northward to the borders of Scotland, generally known as the Penine
chain, or back-bone of England. It marks the position of a great anti-

clinal axis, along which the Lower Carboniferous Eoeks have been
upheaved, and by means of which the Lancashire Coal-field has been
disunited from that of Yorkshire. This tract extends along both sides

of the wide valley of the Tame, from Staleybridge northwards ; but its

more elevated portion is to the east and north of this valley. Here the
hills rise into an elevated table-land, intersected by deep valleys open-
ing out into that of the Tame. The table-land terminates westward in
a series of bold bluffs and declivities, of which Warlow Pike, Buckton
Castle, and Harridge Pike are the most prominent, and which end off

along the line of a great fault, pi-esently to be described. It is covered
with heather, and abandoned to the use of sheep and grouse. The
edges of the escarpments and the sides of the valleys are often formed
of cliffs of massive dark grit, which are remarkably fine when viewed
from several points along the valley of Greenfield brook. These cliffs,

when traced" further into the uplands, give rise to rapids and waterfalls
in the brooks which descend from the moors ; the torrents often rush
down with great violence after heavy rains, and leave their effects

visible for years. The cliffs, which form the crests of the ridges, often
afford good illustrations of denudation (see Fig. 1) : fantastically shaped
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PHYSICAL GEOORAPHY,

Fig. 1.

Old Coast Cliffs, oteelooking Chew Vale, Boedees of
Cheshiee and Yoekshiee.

portions of the rock standing out isolated from the main mass of
the cliff, just as we often see in rocky coasts. Similar rocks are also

seen on the upper surfaces of the moorlands, such as the " Rocking
" Stones," and " Pots and Pans,"* near Greenfleld. Whatever differ-

ence of opinion may exist as to the origin of the castellated projections

along the edges of the escarpments, which might possibly have been
produced by atmospheric agencies acting along the lines of jointage,

there can scarcely be any, with reference to such cases as that shown
in the woodcut (Fig. 2) as having been produced by the waves of the

old Glacial Sea.

Fig. 2.

Rooking Stone, Boedee op Lanoashiee and Yoekshiee.

* Incorrectly marked as Druidical remains on the Ordnance Map.
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8 GEOLOGY OF .THE COUNTRY AROUND OLDHAM, &C.

The general structure of the district will now be easily understood.

At the south-west corner is the highest formation, the New Ked
Sandstone, with a fringe of Permian beds, stretching about four miles

to the north and east of Manchester, and containing within its area the

small isolated tract of upper Carboniferous Rocks which form the

Manchester Coal-field. Beyond the margin of the Permian strata

(which owing to the deep covering of Drift overspreading the district

is somewhat indeterminate) occurs a broad band of Coal-measures in

the form of a semicircle, or rather of the two sides of a square with
the corner rounded off, and sending off several projections towards the

north. In point of fact, this district contains the extreme easterly

margin of the great Lancashire Coal-field. It is here that the trend

of the Coal-measures, which from their western border, towards Liver-

pool, has been on the whole from west to east, changes from north to

south, and at Dukinfield passes into Cheshire. It is therefore a very
interesting stage in its course ; and it is remarkable to observe how this

sudden bend of the strata has been accompanied by several large

dislocations, which in the neighbourhood of Heywood and Kochdale
repeatedly " throw in " the valuable coal known as the Arley Mine
beyond its successive outcrops. Having crossed the belt of the Coal-
measures, we then reach that ofthe G-annister series, rising from beneath
the newer strata to the northward and eastward, and next in turn the
Millstone Grit, which, as far as the valley of the Tame, for the most
part dips rapidly towards the west.

Hitherto the dip of all the formations described has been invariably
in the direction of Manchester. Along the northern part of the map
it has been southward, further north-east it has been towards the
south-west, and from Oldham southwards it has been westerly ; but
when we reach the valley of the Tame a change ensues. In consequence
of a powerful upheaval of the beds along a line running north and
south from March Hill to Harrop Edge, and visibly expressed by
several lines of dislocation and sharp foldings of the strata, the dip
here changes to the eastward, and continues so more or less constantly
across the mountain tract of the Pennine chain into the Yorkshire
Coal-field. We pass at this line from the Lancashire dip to the York-
shire dip; and almost immediately after leaving this focus of subter-
ranean energy the strata assume an arrangement of great regularity,
and decline gently at first, more rapidly afterwards, towards the
east.

In the following pages the rocks are described in ascending series,
and are thus arranged in their order of super-position :

—

Formations. Sub-formations.

r 1. Upper Boulder Clay.
Post Pliocene or Drift - -

^
2. Sand and Gravel.

L 3, Lower Boulder Clay.

New Red Sandstone or Trias - Pebble beds, or Conglomerate.

„ . ,
(I. Upper Permian marls, with

Permian rocks - .J limestone-

L 2. Lower Permian sandstone.

1. Upper Coal-measures.
2, Middle Coal-measures.

„ , .„
,

3- Lower Coal-measures, or Gan-
Uarbomferous rocks . . ..^ nister beds.

I A. Millstone Grit.

I
5. Limestone shale, or Yoredale

L rocks.
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YOEEDALE ROCKS. 9

Chapteb II.

Geological Foemation.

Upper Limestone Shale, or Yoredale Rocks.

This series of beds,—the lowest part of the Carboniferous G-roup

shown in this Sheet,—occurs as a narrow band, occupying the valley

of the Thame from MiUstone Edge to Hari'op Edge, a distance of about
10 miles. In the direction of Saddleworth it occupies both sides of

the anticlinal already described,* and is surmounted by the basement
beds of the Millstone Grit, which form the upper portions of the hills

on both sides of the valley. It runs far up into the valleys of Green-
field and Diggle brook, and from Warlow Pike southward, extends
along the edge of the great Penine fault to the southern extremity
of Harrop Edge. The woodcut (Fig. 3) will show the position of these

beds at Saddleworth, and (Fig. 4) their position east of Staleybridge.

Fig. 3.

Position of Fault at Saddleworth.

Fig. 4.

Position of Fault near Staleybridge,

Millstone Grit—D. Kinder Scout Grit.

r C. Grey micaceous shale.

Yoredale Rocks \ B. Pine-grained grits.

I A. Shale.

The base of this group nowhere appears in this district, and con-

sequently we have no precise data for ascertaining the depth of the

underlying Carboniferous Limestone. The lowest beds brought to

light occur along both sides of the great fault near Upper Mill.

The succession of the Yoredale series, so far as they are represented

in this district, is well shown in the brook courses along the flanks of

the hill called " Pots and Pans," south of Saddleworth, and, with the

exception of the lowest beds, is represented in the sections (Figs.

3 and 4). The lowest beds consist of flaggy sandstone and dark shaJes,

about 60 feet in thickness {a, Fig. 3) ; then come a series of flaggy

sandstones and grits, generally flne-grained, attaining a thickness of

about 150 feet, and forming a well-marked band on both sides of the

anticlinal axis {b, Figs. 3 and 4). Above these, grey micaceous shales,

which in a section under Harridge Pikej are shown to be 600 feet in

thickness. These shales are surmounted by the coarse massive grit of the

Millstone series. We have therefore a thickness of more than 1,000 feet

of strata without reaching the base. I have no doubt whatever, that

* Page 5. Can the name of this valley have any reference to the saddle-shaped

arrangement of the rocks ?

t In a hrook section of 220 yards in length, at Clough, under Bnckton Castle Hill,
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10 GEOLOGY OF THE COUNTET AROUND OLDHAM, &C.

even the lowest beds here shown are several hundred feet above the

Limestone, both from the fact of their being composed of sandstones,

and also because a section of the whole series down to the Limestone,

at Pendle Hill, near Burnley, gives a thickness of 1,800 or 2,000 feet.

In this section the beds which approach the Limestone, throughout

several hundred feet, are all composed of shales, with bands of black

limestone appearing in their lower parts, and over these lie flagstones,

which not improbably represent the lowest beds shown in this neigh-

bourhood. Any attempts, therefore, to reach the Limestone by sinking

in the valley of the Tame should be discouraged, as it is probable

that the thickness of intervening strata may prove to be at least 500 feet,

while the depth would be considerably increased by the steep angle at

which the beds are inclined near the centre of the anticlinal.

The sandstones [b, in Fig. 3) form a narrow band on each side of

the fault from Harrop Dale southwards.* They are shown in the

cutting at the entrance to Diggle Tunnel ; in a quarry at Diggle Mill,

dipping east at 50°, and on the opposite side of the axis, in the railway

cutting, dipping west at 65°. They are again shown in quarries east

of Saddleworth Fold, and at Heathfleld, also on opposite sides of the

axis ; in brook sections at Cross Farm, near Upper Mill, already

described ; and in quarries above Waterside Mill and Greenfield Mill,

along the flank of Alphin Brow. As a building stone they are of a

very inferior quality, and only suited for the commonest work.

This series of beds, though often searched by fossil collectors and

myself, have hitherto yielded no fossil remains, except small fragments

of carbonized plants and annelide-tracks.

Millstone Grit.

This formation consists of a series of conglomerates, coarse and fine

grits, flags, and shales, with several thin coal-seams. There are in this

district four principal members of sandstone and two of shale, each

subject to local variations, but, on the whole, preserving their identity

from Pule Hill southward for many miles along the borders of Derby-

shire and Yorkshire. The following is the order of super-position

of the principal masses of grit with their underlying shales.'f

1. Rough Rock.—a. Coarse massive grit of Brown Edge.
6. Shale series, very thin, and generally absent in this district.

2. Second Grit.—c. Flagstones, close under the Rough Rock.
d. Shale series, with thin coal at base, and a workable seam at

Mossley and Mottram.
3. Third Grit.—e. Massive coarse grit, between two beds of flagstones.

/. Shale series, with thin coal.

4. Kinder Scout Grit.—Massive coarse-grained grit and conglomerate,

in several beds, with partings of shale.

These divisions are by no means so strongly marked in this sheet as

they are in that to the south, where they form, as at Coomb Edge and
Chinley Churn, a series of escarpments, each composed of its bed of
sandstone and subordinate shale, rising in succession to the eastward,

* This band of sandstone in the Limestone Shale represents " the shale grit " of
Farey, and is continuous all over this part of England, occupying a position ahont
half way down from the Kinder Scout Grit to the Carboniferous Limestone. Around
the Peak the shale grit is several hundred feet in thickness.

•f
The series given above differs from that of Mr. E. W. Binney, F.K.S., who

makes the Millstone Grit series terminate upwards with the " Third Grit " in the
above series, and throws the Ist and 2nd grits into the Lower Coal-measures. See
Mr. Binney on the " Lancashire and Cheshire Coal-field." Trans. Geol. Sac. Man-
chester, vol. i., p. 78.
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MILLSTONE GRIT. 11

and, even when viewed from a distance, indicating to the observer the

true nature and succession of the beds. There are, however, in the

district under consideration, two nearly complete sections from the

Limestone Shale to the Rough Eock, which will serve as guides to others

less complete.

Kinder Scout Grit.—This term was proposed by my colleague

Mr. A. H. Green and myself during our excursions over the Millstone

districts where we conjointly worked together, to denote that group of

massive grits and conglomerates which rests upon the Yoredale Eocks,
and composes the greater part of the Yorkshire moorlands along the

eastern border of the sheet. The name was suggested by the fact

lately ascertained by Mr. Green, that it is the rock which forms

the high table-land of Kinder Scout in the Peak country.* It may be
traced along both sides of the valley of the Tame, forming the I'idge

which stretches from Warmton Wood to Harrop Edge ; also from
Broadhead Noddle round by Millstone Edge, Diggle Edge, Eavenstone
Brow, the escarpments of Greenfield and Chew Brook Valley, Buckton
Castle Hill, Harridge Pike, and along the heights east of Staleybridge,

to Roe Cross and Harrop Edge, in Cheshire, where it terminates against

a large fault. It also forms the moorland of Tintwistle and tlie fine

prominences of Peak Nab, Tintwistle Knarr, Eavenstones, and Charnel
Eocks. The highest point attained within this sheet is at Long Eidge,

1,709 feet; but at Black Hill, only a mile or so to the east, the elevation

attained is 1,909 feet. The cliffs of dark grit which form the heights

along Chew Brook and Greenfield are remarkably fine, and above
Ashway gap have somewhat the aspect of basaltic columns, owing to

the vertical joints and fissures by which they are traversed. The
scenery is here bold and impressive, and very refreshing to an inhabi-

tant of a Lancashire town.
The Kinder Scout Grit is very well shown along the road to

Huddersfield, where it crosses Millstone Edge. There are here three

principal beds of grit, separated by two beds of shale, on one of which
Stand Edge Eeservoir is situated. Further on we reach a series of dark
shales interposed between the Kinder Grit and the Third Grit (3, Fig. 5).

Then the second shale with coal, forming the flat partially occupied

by Eedbrook Reservoir. Then a bed of sandstone, quarried for road

material at Great Nab End, encircling the lower flank of Pule Hill.

The steep slopes of the hill are formed of the first shale series, contain-

ing Goniatites spinalis and a coal-seam half a foot thick, formerly

worked by tunnelling. At the top of the hill we reach what we
suppose to be the Flagstone and Rough Eock, which form the upper

limit of the Millstone Grit series. This section, which corresponds

nearly with the course of the Stand Edge railway and canal tunnels,

will give a general view of the succession in this part of Yorkshire.f

* This is the principal Millstone rock of Farey, who -with great perseverance

tracked Its course over a large part of the borders of Derbyshire and Yorkshire, and
has tabulated its chief localities in his work on the history of Derbyshire. In the

direction of Leek and Macclesfield, however, the ICinder Scout Grit is much reduced

in thickness, and becomes finer in grain, so that it ceases to occupy that prominent

position it attains in the Peak country. The Third Grit here plays the part of the

older grit in the production of hiUs, and has thus been very naturally mistaken by
Farey for the Kinder Scout rock.

f I confess, however, that there exists in my mind much uncertainty regai'ding the

identity of the Pule Hill Grit with the "rough rock," from the tact, that if this is

the case, the series is much thinner here than it ought to be considering the position

of the Mil, or than it is at Mossley, not any great distance from this point. From
the isolated position of the hill, the stratigraphical position of the beds cannot be
determined with certainty, and it is quite possible the Pule Hill Grit may be either the

second or third members of the series.
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Fig. 5.

Section across Millstone Edge and Pule Hill.

The thickness of the Kinder Scout Grit along this section is about

500 feet.

At Saddleworth the thickness is considerably greater, owing to the

expansion of one of the beds of shale. There along the road from

Greenfield to Sheply the upper bed of grit forms a second ridge, and

judging by the contour lines the subdivision reaches a thickness of

600 to 700 feet.

The rock is largely quarried on both sides of the Saddleworth Valley

for millstones, engine-beds, and massive foundation stones. Some of

the fitter beds afibrd paving stones, and even flags, as well as ordinary

building stone ; and the rock generally retains its colour, and is not

subject to discoloration by iron-stains. It is also quarried near Green-
field station at the foot of Warmlow Wood, where we find the beds

thrown into a nearly vertical position, owing to a neighbouring large

fault which branches out of the Penine fault. At Mossley the thick-

ness is over 700 feet without reaching the base.

One of the finest sections in the Kinder Scout Eock is shown along

the Mottram and Staleybridge road at Eoe Cross. The beds here rest

on the limestone shale which appears at the west end of the cutting.

The dip is eastward at angles varying from 50 to 15 degrees, and the

thickness of the subdivision is iabout 1,000 feet.

These measurements will afford a good idea of the variations in the

development of these beds as regards thickness. It is not less remark-
able as regards mineral character. The upper bed of grit, which forms
the cliff on the south of Chew Brook at Slack Head Brow, is underlaid
by shales which may be traced down one of the little gullies which
descend from the heights into the valley (Fig. 6) ; the thickness of

Fig. 6.

Whimberuy Stones.
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these shales is at least 250 feet. On the north side of the valley the

same shales are partially replaced by a massive bed of coai-se grit which

occupies one-half of the thickness ; and still further to the north-east

these shales appear to be altogether replaced by massive grits, if we
may judge by the section afforded by the brook which descends in a

series of rapids or cascades into Chew Brook. The whole of these

changes is effected within a distance of 2 miles.

One example of the kind on a smaller scale, taken from actual

observation, is shown in Holm Clough along Greenfield Brook. Here

a bed of coarse grit (g, Fig. 7) 12 feet in thickness, imbedded in

Fig. 7.

Sketch in Holm Clough.

shales (s.), thins out to a point within a distance of 30 feet. Many
similar examples were observed by Mr. G-reen and myself during our

explorations of the deep recesses of these Yorkshire moors.

The mineral character of this rock is generally that of a very coarse

grit, passing into a conglomerate of white and coloured quartz. The
pebbles of quartz are invariably rounded, and sometimes reach an inch

in diameter. In the neighbourhood of Tintwistle the beds appear more
than usually full of pebbles. Current planes are prevalent, and are

generally found to dip westward at angles of about 30 degrees. Car-
bonized plants and impressions are to be found, but not so frequently

as in the higher beds of the Millstone Grit series. The shales have
afforded no fossils to the collector of the Survey.

Third Grit.—The shales which succeed the Kinder Scout Rock are

shown in the section near Pule Hill already described (Fig. 5). They are

there generally dark, and contain a coal-seam 5 inches in thickness,

which overlies the lower beds of grit, more or less constantly, all over
the district. They vary from 100 feet at the section to more than three

times that amount near Mossley ; and are exposed in the deep cutting

of the Oldham and Greenfield Eailway near Grass Croft. They some-
times becomes flaggy and micaceous. They are succeeded by the

Third Grit, which is extremely well shown at Mossley, both in quarries

and in the river-section at Scout Mill. The beds consist there of

—

1. Flaggy micaceous sandstone

2. Coarse-grained massive grit

3. Micaceous flags and shale

ft.

70
- 80
- 50

The dip is to the south-west at 15 degrees. This rock is also shown in

quarries at Friar Mere, south-east of Staleybridge, where the rock-faces

and planes ofjointage exhibit remarkable examples ofhorizontal striation

and polishing, somewhat resembling the effects produced by ice in other
districts. The grit also appears west and south of Tintwistle, and at
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Mouslow Castle Hill, where it is of a rusty aspect, and altogether unfit

for building purposes. Traced southwards along the borders of Derby-

shire, it becomes a very coarse red grit ; and forms finely moulded

escarpments from Grlossop, by Matley Moor, Hayfield, Cracken Edge,

and Eccles Pike. The average thickness is 200 feet ; it is seldom a

conglomerate, and in this respect differs from the underlying beds of

grit.

Second Shale series.—Above the third grit is a series of shales, shown
in a gully at Great Warcock Hill. They are sandy, of a grey colour,

and contain a coal of 2 inches resting on a floor of fire-clay. In the

brook near the Old Moorcock Inn I found Goniatites and Aviculo-pecten

overlying the coal. The rock which overlies these consists of com-
pact fine-grained grits used for road metal, and quarried at Great Nab
End. It is also opened in quarries along the right bank of the brook

west of Old Delf, and again in a cliiF above Scout Mill, from which
it takes the name of " Scout Rock." In all these places it underlies a

coal-seam ; and its thickness varies from 20 to 30 feet. Above this Rock
is a thick series of black and dark grey shales, containing a coal-seam

near the base, which has been worked at Pule Hill, also along the side

of the valley from Old Delf to Junction, at Mossley, and at Mottram. At
these last two places it varies in thickness from 2 to 3 feet, and contains

a good deal of iron pyrites. The roof contains Goniatites of more than
one species. It is the lowest workable coal of the district, and south

of Glossop is known by the name of the " Simmondsley Mine." The
shales which overlie it are 150 feet thick at Mossley.

Second Grit.—If we compare the Millstone series in this district

with that further south, in the neighbourhood of Whaleybridge, we find

a certain amount of variation between the two sections in the upper
part, which has occasioned some difficulty in the way of showing their

relationship to one another. After considerable hesitation, and many
comparisons of sections, I believe I have now ascertained the cause of
the variation. In the Whaleybridge district the rough rock, or first

grit, is underlaid by 100 or 150 feet of shales, by which it is separated
from the second grit or flagstones. This shale-series (b in the table p. 10),

however, when traced northwards towards Mottram, gradually thins

away, being only a few feet in thickness in that place, and thus the
first and second grits approach each other, and actually meet at Broad-
bottom. When writing this memoir I had taken the Scout rock of
Mossley as the representative of the second grit, but have since satisfied

myself that it is only an accidental bed of sandstone, and is the same
which occurs on the flank of Pule Hill.

Rough Rock and Flags.—This seems to be the grit which forms the
escarpment of Pule HiU {see Frontispiece), one of the most striking land-
marks in this part of Yorkshire. Seen from the south it rises as an iso-

lated hiU to a height of some 200 feet above the table-land of the Kinder
Scout Grit ; while its summit is fringed by a line of dark, serried crags,
which gradually fall away towards the north and north-east. The
escarpment is formed of coarse massive grit, traversed by two systems
of joints, which cross each other at an angle of about 70 degrees, and
divide the rock into a multitude of angular blocks, projecting from the
ridge in a series of sharp edges, instead of the even wall of rock which
more generally forms the crests of the hills. The thickness of the grit
is about 15 feet, and it overlies beds of fine-grained flaggy sandstone
which form the ridge of the northern part of the hiU. The same series
also forms the conspicuous cliff" of Hard Head, and the ridge of Shooters
Nab, which reaches an elevation of 1,400 feet, exactly the same as that
of Pule HiU.
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The Rough Rock, in the form of a coarse grit, and conglomerate with

rounded pebbles of quartz, shows itself all along the ridge, near the

summit, from Brownstead Edge to Knob Hill above Old Delf. Here it

terminates against a large fault which brings'up the Kinder Scout Rock
on the east. It again appears in quarries at Barn Edge, with the

underlying flagstones, which are quarried near Grotton Hall ; and from

this we may trace it along the crest of Brown Edge above Mossley,

gradually becoming thinner toward the south, till it actually thins out

before reaching the valley of the Tame at Staleybridge. Its position

however may be traced by the underlying flagstones, which are con-

tinuous, and cross the river at a cotton-mUl about a quarter of a mile

east of St. George's Church. The flags are overlaid by shales, which

may be traced continuously upward to Staleybridge, so that the Rough
Rock is here certainly absent. Further south the flags form the ridge

of Early Bank Wood.
The Rough Rock re-appears at Mottram, and a continuous section

from outcrop of the Mottram coal upwards into the Lower Coal-measures

may be traced along the brook-course which crosses the railway a short

distance west ofthe station. The grit is also very finely exhibited in the

river cliff, atBroadbottomBridge, it is there some 40 or SOfeet in thickness.

Throughout the greater part of its range, the Rough Rock is accom-
panied by a coal-seam, which from its peculiar fracture has been termed

by Mr. John Hall the " Feather-edge " coal.* This seam is largely

worked north of Rochdale at Spotland and Woodhouse MUI.f It varies

in thickness at these places from 20 to 30 inches, and is of good quality.

Its floor is composed of sandy-micaceous under-clay, but its roof varies

much, sometimes being coarse grit, at other times black shale with
fossil shells. This variable nature of the roof obtains throughout the

whole district extending from Rochdale to Whalley Bridge. Throughout
the greater part of this sheet—I might almost say the whole of it

—

the Feather-edge coal is either absent altogether, or so thin as to be

unworkable, its absence being compensated for by the presence of the

Mottram or Mossley seam, already described (p. 14), which lies

about 60 or 70 yards beneath it. This interchange of value between

these two seams appears to be very general further south; for at Coomb
Edge near Glossop, where the Mottram or Simmondsly Mine has been

largely worked, there is no appearance of the Feather-edge seam; and
at Whaley Bridge, where the latter is very thick and valuable, the former

is just the reverse. The same is true at Mottram and Broadbottom.

The Feather-edge coal is worked in the valley at Birtle Dean, as

mentioned by Mr. Binney, also at Pilsworth (6-inch Map 88) where its

may be observed along the brook course, and in a quarry near a factory

resting on the upper surface of the MiUstone Grit. It is here much
broken by faults, and its presence at the surface so far south of its

general range is to be attributed to an upcast fault running east and west,

to the north of its outcrop, somewhere iu the neighbourhood of Pils-

worth Moor. The coal breaks out to the surface at Green Bank Wood
above Heywood Water-works, where it affords the following section :

—

Feet.

1. Coarse-grained flaggy grit - 6

2. Feather-edge coal - 2
3. Stony under-clay, about - - 2
4. Coarse massive grit - - 12

Its outcrop may be traced round Wind Hill, by Lower Red Lumb,

* This seam is described by Mr. E. W. Binney in the Trans. Geol. Soc. Man-
chester, vol. i. A sketch of the outcrop, in a quarry of rough rock, is given in the
" Geology of Bolton-le-Moors," Memoirs of the Geological Survey.

t These places are a little beyond the borders of this sheet.
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round the base of Knowl Hill, a conspicuous elevation about 4 miles

north of Rochdale, and along both banks of Green Brook at Rain Shore

Mills and Bromleys Wood. It also crops at Shepherd's Mill Bridge,

and along the turnpike road, till it is broken off agaioet two large down-
throw faults.* The general name by which this seam is known in

the neighbourhood of Rochdale is the ""Three-quarters Mine." The
seam may also be observed in the body of the grit along the edge of

Badger Hill west of Old Delf, and in the road at Lugley north of

StaJeybridge, at which place it disappears in company with the Rough
Rock, which it seems incapable of surviving.

LowEH Coal-Mbasdres, oe Gannistee Beds.
This series of beds is included between the Millstone Grit and the

Arley or Royley Mine, the lowest thick coal of the Middle Coal-

measures. It is open to discussion whether it may not be preferable to

call this series Upper Millstone Grit, rather than Lower Coal-measures,

as it is more clearly connected with the former group than with the

latter, by its fossil shells ; and some of its beds of sandstone are in this

district as coarse-grained as those of the underlying Millstone Grit.

The following is the general succession of the beds, from the Royley

Mine downwards. Some of the thicknesses of the beds are only

approximations, and of course will not apply everywhere :

—

1. Flaggy sandstone, in two beds
2. Grey shale and clay

3. Coal-seam - - -

4. Hard flaggy sandstone
6. Grey and black shale - - -

6. Micaceous rippled flags, sometimes coarse-grained, seen

at Park Hall reservoir, Staleybridge, Knot HiU, and Ash-
ton barracks, Barnpool woods, near Heywood

7. Grey and dark sandy shale - . . .

8. Flaggy sandstone, coarse-grained and massive, at Gorse
Hail, Staleybridge

9. Black shale, with fossils - - -

10. Coal, AQl-yards Mine . . . . .

11. Black shale, with fossils (Coal Brook Mill)

12. Helpet Edge rock. Coarse-grained flaggy sandstone, of
Tunshill, Helpet Edge, Austerlands, Besom Hill, Board-
man's Edge, and Gorse Hall . - . . 130

13. Black shale, very fossiliferous, containing large calcareous

nodules (" bulUons "), with perfect Goniatites

14. Bullion Coal, or Upper Fool Mine
15. Black shales - - . .

16. Gannister Coal, or Mountain Mine, from 18 in. to

17. Hard siliceous stone (Gannister) and fire-clay, with
Stigmariaficoides (variable)

18. Black shales . . -

19. Coal, Lower Foot Mine (often absent)
20. Shale, with bands of flagstone - -

21. Second coaZ, inferior quality, Lomer Fard Mine -

22. " Woodhead Hill Hock." Flaggy, current-bedded sand-
stone, often coarse-grained. Ogden Edge, Bowstead
Edge, High Moor, High Knowls, Ridge HiU, and Glent
quarries, Staleybridge, and Eastwood HiU

23. Sandy shales and flagstones; black shale, with fossUs

24. First Coal (Turf Hill and Staleybridge) -

25. Fire-clay and potters' clay (Staleybridge)

26. Sandy shales or flagstones (variable in character) resting

on MiUstone Grit ....
1,375 5

* Most of the al>ove places are in Sheet SO, 6-inch Hap, not yet pabUshedL

ft.
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In the above section many of the details must be considered as

approximations. There is not one place where an unbroken series is

exposed to view throughout, and the beds of sandstone are especially

liable to variations, both in quality and thickness. The coal-seams
also vary in thickness, and are sometimes absent altogether. It will

be seen, however, that when they are all present, there are seven in

number ; but only one of these, the Gannister coal, or " Mountain
Mine," is ever worked to any considerable extent.

It has already been stated that some of the sandstones, though gene-

rally fine-grained, become as coarse in texture as MiUstone Grit or the

Rough Bock. This is particularly the case with the sandstone No. 12
in the above series, north of Rochdale, a fact referred to by Mr.
Binney. In one quarry it was observed by Mr. Green to be so like

Rough Rock, that it was only the fact of its overlying the Gannister

coal that prevented his mistaking it for that formation. The same
observation is applicable to these beds along their easterly outcrop,

from Tunshill southward to Staleybridge. We find the Woodhead Hill

Rock and the Helpet Edge Rock so coarse-grained and massive as

lithologically to ally themselves more naturally to the Millstone Grit
series than to the overlying Coal-measures. This is significant, as it

falls in with the results of the palaeontological evidence. Now, if we
compare the sandstones of the Lower Coal-measures along the borders

of Yorkshire, as shown in this sheet, with their representatives on the

western side of the county, near Wigan and St. Helen's, we cannot
fail to be struck with the change which has ensued in theu- lithological

characters. In the latter, or western districts, they are invariably

evenly-bedded, flaggy, and fine-grained ; in the former often coarse-

grained and obliquely laminated, evincing the prevalence of currents.

These difierences in petrological character, depending as they do upon
difierences in the conditions of deposition, point significantly to the

direction of the land from which the materials were derived ; and it is

also worthy of remark that the composition of these sandstones is the

same as that of the older MiUstone Grits, consisting of particles of

quartz, felspar, and mica, the detritus of granitic rocks.

We shall commence the detailed description of these beds in the

ascending series :

—

First Coal.—This little seam occurs immediately above, or within a

few feet of, the Rough Rock. Its roof is black shale, with Aviculo-

pecten, Goniatites, &c. It may be seen in a lane and brook-section, at

a hamlet called Binns, east of Tunshill. Here, indeed, there appear

to be two thin seams, which basset on the banks of the new reservoir,

the upper 18 inches, the lower 6 inches in thickness. It also occurs

at High Thurston Clough and Wall HiU, near Dob Cross, with a roof

of black shale containing Goniatites. It is probably this seam which is

worked for the sake of its under-clay a short distance above Staley-

bridge.

The Woodhead Hill Rock* is the first bed of sandstone of import-

ance above the Millstone Grit. It lies about 60 or 80 feet above it,

separated by shales, and forms the high ridges of Ogden Edge, Comp-
ton Moor, and Bowstead Edge. Here it occurs as a coarse-grained

fiaggy sandstone, full of current-planes, along which it is liable to split

* TMs name is taken from Mr. Binney's section, Trans. Geol. Soc. of Manchester,

vol. i., p. 75. The " coarse-grained rock " •with the " dark shale" mentioned in this

section which lie above the " feather-edge" coal appear to me properly to be in-

cluded with the " rough rock," as the shale frequently thins away, and the coarse

rock then rests on the coaJ, and forms one mass with the underlying grit.

7284. B
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up. It also forms Badger Edge, and at High Moor yields very fine

evenly-bedded flagstones. We find it largely quarried at Stone Breaks

Hill, High Knowls, and Broad Car, where it consists of a rather inco-

herent, coarse-grained rock, not unlike the " Rough Hock " which under-

lies it. There are also large quarries at HazeLburst, and Eidge Hill,

and St. George's Church, Staleybridge, where it occurs as a micaceous

flaggy rock, traversed by current-planes. It is used for paving and

building.

This rock crosses the river Tame at Castle Hall House, and form-

ing a ridge along the west side of Eastwood Park, may be traced due

south by a line of quarries to Newton, where it is lost to view beneath

the Drift.

Lower Yard Mine.—This seam is one of very inferior quality, and

not always present. It overlies almost immediately the Woodhead
Hill Eock last described, and in this position may be seen at the base

of Tunshill and Helpet Edge. These are the only spots where it has

been worked in this district. It has a roof of shale, and is itself split

up by partings of the same material.*

Gannister Coal.—Above the Yard Mine we find a series of shales

with a bed of flagstone at Helpet Hill, about 50 or 60 feet in thickness,

surmounted by a thin seam of coal, known as the " Lower Foot Mine,"

and this again by black shales, at the top of which is the Gannister

Coal, or Mountain Mine. This latter is the most valuable in this

district of all the coals below the Arley Mine, and it has been largely

worked along the northern and central area of the map, in the neigh-

bourhood of Heywood, Eochdale, Tunshill, Crompton, Barrowshaw
east of Oldham, Broad Car, Hazelhurst, Staleybridge, and Newton.
It is generally of good quality, suitable for coking, and varies in thick-

ness from 18 to 30 inches. Its roof is strong black shale, sometimes,

but not generally, containing fossil shells. Its most remarkable cha-

racteristic is its floor, which consists of a hard siliceous stone, called
" Gannister,"! or crow stone, full of Stigmaria ficoides. The under
surface of this bed is very irregular, and lies imbedded in softer under-
clay.

I shall now record the places where the Gannister coal, or its floor,

may be observed ; and it may be as well to premise that, from its

extreme hardness, the Gannister rock itself sometimes appears, cropping
up in a brook, while the coal-seam lies concealed beneath the gravel or
sand of the bottom. We find then the coal, or its floor, at Broadshaw
Hill, and in a brook course east of Chesham, about 100 yards north of
the Chesham fault, near Bury. It may also be found along the top of
the banks in Cleggs Wood, which overhangs Birtle Brook, and at Pen
Green Colliery it is worked at a depth of 63 yards. It crops out
along the northern side of Bagslate Moor, near Eochdale, in company
with the Lower Foot coal. The seam has been extensively worked
under Tunshill and Helpet Edge ; and the outcrop may be observed in
many places along the eastern escarpment, as it has been excavated by
" day-eyes " or tunnels entering the side of the hill. It breaks out at
the banks of the reservoir, on Wey Moss, east of Crompton, and here
the thickness is only 16 inches. Several tunnels have been driven
into it at the north side of Besom HiU ; and at Barrowshaw Colliery,

» Though BO unimportant in this district, this seam is probably the same which is

worked in several collieries near Broadbottom, south of Mottram, and in Mr. Jowett's
colliery near Compstall Bridge.

•f-

" Gannister." I found tUs term in common use amongst the colliers from Staley-
bridge southwards.
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near Oldham, it is worked at a depth of 140 yards. At Broad Car a
tunnel has been driven from the outcrop along the dip of this coal to'a

distance of 500 yards, and the coal is pulled up the incline by a sta-

tionary engine. The inclination here is about 25°. At Hazelhurst
the seam has also been worked close to the crop, and at Higher Fold,

north of Staleybridge, in a pit about 100 yards in depth. On the

south side of the river Tame the outcrop may be observed in the bank
east of Gorse Hall, and from this point it has been worked as far as

Tetley Fold Reservoir,*

I may mention here that by far the finest exhibition of the Gannister
which has come within my observation in this neighbourhood occurs in

the bed of the river Spoddon, above Healy Hall Mill, north of Roch-
dale. The locality is beyond the limits of the map, otherwise it would
have received a more detailed notice. Beyond the outcrop of the
Gannister is a large fault bringing up the Millstone Grit and Feather-
edge coal.

About 12 yards above the Gannister coal, and separated by black
shales, there occurs a seam of about 12 inches (" the upper foot mine ")

chiefly remarkable for its roof, which is always extremely prolific of
fossil shells. The roof consists of black shale, containing large

calcareous nodules called " bullions," sometimes 2 feet in diameter, in

which well-preserved specimens of Goniatites are plentiful. These
shells, when found in the shales, are almost always flattened, but in

the nodules they retain their natural form. The upper foot mine,
although so thin, is wonderfully constant all over the district, and may
be seen in the river bank, above Lomax Wood, near Bury, where it

affords the following section :

—

Bullion Coal, Eroadoak Mill, Bury.f
fl. ;,,

1

.

Black shale, with Istrge bullions containing Goniatites re-

ticulatus, G. Gibsoni, In the shale are Aviculo-pecten

papyraceus, Orthoceras, &c., about - - - 10
2. Grey shale, with Anthracosia, Posydonia, and a small crus-

tacean, probably Beyrichia - - - - 6
3. Coal (Upper Foot or Bullion seam) - - - 10
4. Shaley fire-clay - - - - - -06
5. Strong potters' clay (worked for pottery) - 6
6. Flaggy sandstone (base unseen) - - - - 10

We find this seam again at Helpet Edge, Besom HUl, and Staley-

bridge, everywhere accompanied by its group of fossil shells.

Above the shales, which overlie the bullion coal, is a rock very
variable in character, sometimes fiaggy, at other times (as at Crow
Knoll, near Crompton) a coarse-grained grit, passing into conglomerate.

This rock forms the escarpment of Helpet Edge, and Besom HiU, and
Austerlands, near Oldham, where it is extremely massive, and often as

coarse as Millstone Grit, with pebbles of quartz. It is there fuUy
100 feet in thickness. It may now also be seen in a quarry on the
north side of Gorse Hall, Staleybridge.

The highest workable seam of the Lower Coal-measures is the
" 40-yards mine," a term referring to the distance of this seam above
the Gannister coal, but erroneously so for this district, as the distance

is from 60 to 75 yards. This seam varies from 1 foot to 16 inches.

It crops out on Helpet HiU, and in the bank north of St. James' Church,
Ashworth. It is of inferior quality, and rarely worked.

* It is remarkable that this seam thins out at Broadbottom, though the Gannister
Eock remains, and is excavated by tunnelling for road material ; on the other hand
the Lower Yard Mine becomes valuable.

f The fossils have been determined by Mr. Salter, " Geology of Bolton-le-Moors."
Memoirs Geol. Survey, p. 35.

b2
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The higher beds of the Gannister series consist of flagstones, coarse

grits, and shales, as stated in the tabular view (p. 16). They are

represented near Wigan by the Up-HoUand Flags, but a very marked

change has supervened in their easterly extension towards the borders

of Yorkshire. They are here much coarser, more massive, and less

flaggy. This is certainly the case with the rock which I have called

the "Helpet Edge Rock" in the tabular view, which is often as

coarse-grained and massive as the Rough Rock or any of the inferior

millstones. The best sections are along the banks of the Roch, and the

road between New Hey and Ogden ; also in the hills east of Crompton,

the quarries at Austerlands, near Oldham, quarries at Ashton reservoir,

Highfield Cottage, and Park HaU. On the south side of the river we

flnd the same beds in some quarries on the east of Dukinfield and

Newton.

Middle Coal-measukbs.

This series is the great repository of nearly all the thick and work-

able coals of the Lancashire Coal-field ; and it includes all the strata

from the Royley or Arley mine up to the Worsley or Pendleton 4-feet

coal, reaching a total thickness of 1,000 yards.* Owing to the want of

exploration, and the presence of several large faults, which break the

continuity of the strata, this latter seam is not capable of being

traced continuously from the Pendleton district into the Manchester

and Oldham district, but if we assume that it is identical with the

Ardwick and Bradford 4-feet seam, the parallelism of the two districts

wiU be complete.f The reasons which have induced us to adopt the

Arley mine as the conventional base of the middle series, have been

been stated in a previous memoir,J and need be only here alluded to

briefly. In the first place, the Arley mine (in this district termed the

" Royley mine ") is the first of the thick coals which we meet with in

the ascending series, and is itself a seam of great value, so much so

that its outcrop has everywhere been proved from actual exploration,

except in the neighbourhood of Ashton-under-Lyne and north-west of

Middleton. This circumstance is of very great value in enabling us to

trace a true geological horizon, in those parts where the strata are

concealed by deposits of Drift, and where our information has to depend
entirely upon actual mining, as is the case over a very large part of

the country around Oldham. Secondly, this conventional base of the

Middle Coal-series seems to correspond very closely with a physical

break in the succession of the strata, shown in a section of the river

IrweU, a short distance above Bury, as also in a quarry near the same
place, of which a sketch is given in the memoir already referred to.§

This physical break is also accompanied by a change in the character

of the shells (moUusca) which are found in the beds above, as com-
pared with those below, the Arley mine, for until we ascend through
the whole series of the Middle Coal-measures (that is through 3,000
feet of strata) we find no recurrence of those genera of Cephalopoda
and Brachiopoda, &c., which are found in the Gannister series, but only
species of several closely allied genera of Myadae, namely, Anthracosia,
Anthracoptera, and Anthracomya. At or near the top of this series

these genera again make their appearance, but with one exception

* See " Geology of the country around Bolton-le-Moors," p. 8.

t The protabihties of the identity of these seams have been very clearly stated by
Mr. E. W. Binuey, F.E.S., in his papers on the "Lancashire and Cheshire Coal-
field," and on the 'ToBsils of the Pendleton Coal-field." Trans, Geol. Soe. Man-
chester, vol. i. To these I shall fi:equently recur,

± Geol. of Bolton, p. 7.

§ Ibid, p. 7.
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(Aviculo-peeten papyraeeus) the species are all distinct from those of

the'Gannister series, as determined by Mr. Salter. (See Appendix, p. 64).

General Arrangement of the Beds.—It wUl be observed on com-

paring the strike or direction of the strata to the west of Man-
chester with that on the east, that the one is exactly at right angles to

the other. From Wigan eastward by Bolton, Worsley, and as far as

Middleton, the trend of the beds, as shown by the outcrop of the coal-

seams, is on the whole from west to east. At the town of Oldham,
however, a change ensues. Here the beds are bent round with a

moderately rapid flexure, and henceforth trend due south, by Ashton-
under-Lyne, till they cross the river Tame into Cheshire. South of

Dukinfeld a still further bend may be observed, and the strike of the

beds through Hyde and Bredbury is nearly S.S.W. as far as the valley

of the Mersey, where they begin to return to their original direction,

and trend north and south towards Poynton. Thus we find that this

band of productive measures has nearly passed through the curve of a

semicircle, or at least 165°, between the valley of the Irwell and that

of the Mersey, and if we draw a radius from the cathedral of Man-
chester to any point along this course, we shall find that the dip is

everywhere very nearly along this line towards Manchester, and the

strike at right angles thereto. (See fig. 8.) If from the more special

Fig. 8.

LITTLE LEVER,

Y

BBEPBTTET.
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maps of the Geological Survey we turn to a general geological map of

this part of England, we shall find that this change in the direction of

the strike is by no means a local one, but that it is coincident with the

general structure of the rocks in this part of England. The neighbour-

hood of Oldham may (without any play upon the words) be called the

"turning point" of the geology of South Lancashire. At this point

the beds come under the influence of that great upheaval which has

resulted in the formation of the Penine chain.

GrENEEAL COAL-SEEIES IN THE NeIGHBOUEHOOD OF AsHTON-tmDBE-
Ltne, compiled from Pit Sections at Bardsley, Broad Oak, Lord's

Field and Dukinfield Collieries :

—

Names of Strata.

Lord's Field Colliery.

Red rock (sandstone), and blue shale

r coal 2 ft. 6 in
';

1. Great Mine < dirt 1 „ 6 .

Lcoal 3 „ 6 ,

Strata, from 93 ft. to

2. Roger Mine -

iin'i

[)iin. 1

3 „ J

Dukinfield Colliery.

Strata, principally shales - - -

3. Furnace Hill Mine . . _

Shale, with ironstone bands
r coal 1 ft. 8 in.

4. Coal, middling quality < earth 1 „ 8 „
I coal 2 „ 2i „

Rock and shale, with much water
rcoal -Oft. lOJin.

5. Colonel's Mine < dark clay 1 „ OJ
L coal - 3 „ 3

Strata, chiefly shale, with bands of coal and ironstone
rcoal Oft. 84 in.

6. Hard Mine < shale „ CJ „
L coal 2 „ 7 „

Shale, with several bands of coal -

7. Cook's Folly Mine - - . -

Shale, with " HunclifE Rock, 117 feet thick
8. Mary's Mine - - . .

Rock and shale - - -

9. Coal .....
Strong sandy shale

'top coal - 1 ft. in.~

earth - 6 „ 10
main coal 3 „ 7
earth - 1 „ 6

_floor coal 1 „ 3
Strata, principally shales -

11. Top Shuttles Mine - - . .

Shales and sandstone - - .

Bottom Shuttles Mine . - .

Sandstone and shale, with ironstone and shells

Oxicrow Coal - - -

Strata, shales and sandstone
fcoal Oft. Sin.

10. Town Lane Mine<

12,

1'3.

14.

earth

Coal-{ coal 1

I
earth

(_coal 1

Shales

> Upper Chamber Mine

ft. in.

180

7 6

105
4 6

109 9
3 3

60 2

5 64

244

5 2

74 3

3 10

23
1 6

149
2 7

54
2 2
42

8 2

34
2

124 3
2 11

195
1 9

70 9

4 1

39 11
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'eoal Oft. 9 in,

clay „ 1 „
15. Fogs Mine< coal 1 „ „

dirt 1 „ 11 „
coal 1 ,, 1 ,,

>Lower Chamber Mine

1ft.

0„
1 „
0„
0„

ft.
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14.

Coal-Sebies of Oldham and Middleton.

Names of Strata.

The numbers will show the identity of the seams in each section.

Bardsley Colliery.

" Bardsley Rock " (sandstone)

Shale
Stnbb's Mine (coal) -

Metal (shale)

Fairbottom Mine . - . . .

Shale, with three thin seams of coal

Parle Mine (coal, with parting of clay)

Shale 29 feet; Foxhole's rock, 79 feet 8 inches -

Foxhole's Mine . . , . .

Soft metal - . . .

Cannel - - ...
Strata, principally shales, with a coal seam 16 inches

Hathershaw Mine - - - . .

Shale, with two seams of coal . . -

Rock and rock bands, with water (Chamber Rock)
Shale and sandstone ....

Nield or Upper Chamber Mine (sometimes absent) -

Shale and sandstone

15. Lower Chamber Mine<

coal

dirt

coal

dirt

coal

1ft.

0„
1 „
0„

„

Sin.'

4 „
2„
8 „

ft.
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The Royley Mine.—This coal, which is identical with the Daub.
Hill, or the Arley Mine, of the Bolton and Wigan districts, is a seam
of great value all over the northern and central parts of the Sheet, as

far as Lees, near Oldham, from which point it has never been worked
until we pass southward into Cheshire, where it reappears, or is sup-

posed to do so, under the new name of ' Lower Woodley Mine." In
the neighbourhood of Heywood and Rochdale, this seam is repeatedly

thrown in by large faults, so as to form four isolated patches, and two
promontories jutting out northward from the general range of the

middle Coal-measures.* Over these areas, the seam has been almost

entirely worked out, and but little of it now remains at a less depth

than 100 yards. At Heywood we obtain the following series :

—

ft.

Coal - 1

Strata - 90
Coal -

Shales, flaggy sandstone - - 110
Grey shale, with ironstone bands 50
Black shale roof

rcoal, roofings - ft. 4 in.'

clay - - „ OJ „
coal, little tops „ 4 „
coal, tops - 1 „ 6 „
dirt and coal - „ 9 „

Lcoal, bottoms - 1 „ 8 „
Soft underclay - - -

20

m.
6

4

Royley Mine< 4 7

3

At Middleton Colliery, the seam gives the following section ; the

roof is black shale :

—

r top coal - 1 ft. 6 in.

Royley Mine i clay - -0 „ 7

L bottom coal 2 „ 8 "}

ft. in.

4 9

The outcrop of the Eoyley Mine may be observed extremely well at

Simpson's Clough, near Hooley Bridge, together with the strata which
lie both over and under it. It may also be traced by a line of old

workings along the banks of the Roch at Crimble Brow. It here dips

so gently towards the south-west, that it requires a distance of nearly

one-fourth of a mile to carry it down from the top of the cliff to the

bed of the river. It occupies an area of about a square mile at Roch-
dale, and crops out a few yards below Spotland Bridge, but being
concealed by drift is nowhere visible. It bassets again near Chadwick
Fold, and also at Dig Gate ; but I could gain no information regarding

the exact spot. It was also worked at Cowlishaw, and reaches the

surface at Whetstone HUl. It was worked also under Broad Brent
Mill, on the down-cast side of a fault of 180 yards throw, which passes

a few yards to the S.W. of Barrowshaw Colliery. The outcrop is

visible in a quarry at Spring Hill, near Watersheddings ; the thickness

is 4 feet, and it dips very gently towards the south-west. The seam
has been followed under a great accumulation of drift gravel as far as

Lees, where it is being worked in a pit at a depth of 85 yards ; and it

is known to crop out in the brook above the weir at Birch House.
From this point southwards the seam (as already stated) has not been

followed, owing principally to the great thickness of drift clay and
sand, which overspreads the ground sometimes to a depth of 100 to 150

* These areas, with the Eoyley Mine, are shown on theMap by the darker shading,

and the edges of these patches show the ontcrop of the seam itself.
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.feet. The deepest pit in the neighbourhood of Oldham down to this

seam is thai recently opened by Messrs. Mayall and Lees at Higgin-

shaw to a depth of 280 yai-ds. The shaft commences at the outcrop

of the Stone Mine, underneath Oldham Edge.

West of the great fault which traverses Oldham from north to south,

throwing down the strata on the east to a depth of 320 yards, the

Royley Mine is worked at Mr. Butterworth's colliery, Bent Grange, at

a depth of 222 yards. From this point the beds rise towards the north

to the outcrop of the seam at Haggate and Royley, the spot from

whence it derives its name. In the river Irk, near this place, there is

a good section in the flaggy sandstone which overlies the coal.

New Mine.—This is a seam which is now of considerable importance

in the neighbourhood of A shton-under-Lyne, and southwards into

Cheshire, and has only been recently discovered. It is supposed to

lie about 100 or 120 yards above the Royley Mine, but the exact dis-

tance has never been ascertained in this neighbourhood.* This is a

good coal, and at Broad Oak CoUiery, near Ashton, is 3 feet 3 inches

in thickness. In the Oldham district this seam has not been identified,

but it is probably either the Neddy Mine or one of the thin seams below

it. The distance from the Neddy Mine to the Royley Mine at Oldham
is about 140 yards.

The Hurst Old Mine.—This is a seam which is of importance in the

Ashton district, but is not recognized at Oldham, unless it be the

Neddy Mine aforesaid. At Broad Oak Colliery it is 3 feet 6 inches

in thickness. In Cheshire, this seam goes by the name of the Silver

3Iine, and at Bredbury is of good quality, and 3 feet 2 inches thick.

The Stone and Bent Mines.—This is a group which is very constant

over the whole district from Middleton into Cheshire. The Stone

Mine is remarkable for a band of black stone which separates the seam
into two parts. The Lower Bent Mine is generally superior in quality

and thickness to the upper, and in Cheshire is called the " Peacock
Mine," where it is highly esteemed. This seam has been successfully

worked on the "long wall " system by Mr. Goodwin, at Newton. The
Upper Bent Mine undergoes at Dukinfield a change of considerable

importance to that disferict. It passes in its upper part into cannel of

good quality, 18 inches in thickness, and is worked in the Victoria Pit,

and also in the Astley Pit, by tunnelling from the Black Mine. The
following view of the changes which this group of coals undergo in

different localities may prove of use :

—

The Stone and Bent Mines.

Coals.
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>

greater thickness, they are scarcely equal in quality and persistency to

the celebrated Black Mine of Oldham, Ashton, and Dukinfield. This

seam is overlaid by black shale, which it is known forms the best possible

roof, and it averages in thickness 4 feet. From this thickness it seldom
varies by more than three or fom- inches, except at Dukinfield, where in

the Astley Pit it was found to attain the thickness of 4 feet 8 inches,

and justified the expenditure consequent on sinking what was at

the time the deepest coal shaft in Britain, the depth to the Black
Mine being here 687 yards. At Denton the thickness is 4 feet 6
inches. We shall commence at the southern edge of the Map, and
follow this seam towards Middleton. The outcrop occurs in the river

Tame, at the elbow opposite Grlass House Fold, and runs along by the

east of Haughton Green till it enters Cheshire, upon crossing the

river at Haughton Dale Cotton-mill. The dip of the strata here is

W.N.W. at 25° to 30°. At Glass House Fold it again enters

Cheshire, and ranges through Gortley, Newton, and Dukinfield till

it again enters Lancashire at Ashton-under-Lyne. At Mr. Ashton's

collieries at Hyde and Newton the strata are very much broken by
faults, and even bent and twisted in a manner quite unusual. In
the most easterly of the three pits, the Black Mine is reached at a
depth of 60 yards, the shaft itself passing through a fault. Several of

these faults do not appear to afiect the higher seams ; and it is a curious

fact* with regard to the strata of this neighbourhood, that in the same
mine, and under the same ground, the lower seams will often be dislo-

cated by faults which do not enter the seams above them. Thus at Hyde
a fault with a throw of 3 yards in the New Mine was not found in the

Old Mine. At Dukinfield there is a fault which passes 500 yards on
the deep of the Astley Pit, in the Black Mine, and, although the throw
is 16 yards, it does not reach the Great and Roger seams above it.

There is also at a shallower level a band of broken ground in the Black
Mine which was not observed in the newer seams.

The outcrop of the Black Mine may be observed in the bank near the

eastern end of Schoral Wood, on the south side of the Tame at Ashton-
under-Lyne. The dip is here a little south of twest at 20°. It ranges
through Hurst, where it has been very largely worked, and at Hurst
Brook its thickness is less than usual. In the interesting section of the

strata in the banks of the Medlock in the Eocher Valley, we have a very
clear view of the strata from the Park Mine down to the Black Mine ;

but this latter seam itself is not plainly visible, owing to the constant

slipping of the muddy bank. The seam however crosses the brook a

few yards above Old Rocher, where there is a pump at work turned

by water power ; the dip is here W.S.W. at 30°, and the depth of

the seam at Park Bridge Colliery is about 300 yards. The outcrop

of the seam ranges northward through Alt and along the base of Glod-
wick Low, and terminates against the Glodwick fault. The seam
underlies, or more properly did underlie, Oldham Edge and the eastern

part of the town as far west as the great fault, which throws it com-
pletely out on the west side. To the east of this fault the seam has
been exhausted, and under the town are chambers on a small scale like

the catacombs of Eome or of Paris.

On the west side of the great Oldham Edge fault, the seam shows
itself just above the entrance to the railway tunnel at Primrose HiU ;

it then ranges by the north of Hunt Clough Colliery, where the depth

was 94 yards. At this colliery a seam called the Red Mine, lying about

Of which I was assured by the managers of Dukinfield and Hyde Collieries.
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24 yards above the Black Mine, 25 inches thick, was worked.
_

The

Black Mine ranges into Chaddington Park, and then stakes against a

fault, which throws out the seam as far south as Springs Brook Colliery

where it was formerly worked at a depth of 85 yards. The dip here is

S S W at 18° or 20°. The seam then ranges toward Middleton, ana

was found to reach the surface at the north pit of Tonge Colliery.

At Middleton it strikes against another very large fault which
_

again

throws the outcrop to the south side of Wince Brook. At Alknngton

CoUiery it was worked at a depth of 100 yards, and was first discovered

in this district at the outcrop m the^guUy below the colliery. The dip

is here nearly due south at 10° or 12°.
, -i j ,™ „„„„

Though this valuable seam has already been heavily drawn upon,

there probably still remains a considerable tract which it underlies,

between Middleton, Heaton Park, and Blackley. A large nnbroken

tract also lies to the south and west of the present collieries ot

the Chamber Colliery Company. Upon crossing the lai-ge down-cast

fault, which passes from N.W. to S.E. through HoUinwood, pits even

deeper than that of Dukinfield wiU be necessary to reach this seam.

If we suppose that the MostonMine represents (as there is every pro-

bability that it does represent) the Great Mine of Dukinfield the depth

to ih.& Black Mine at this pit would be no less than 850 yards or there-

about. This depth is great, but I am far from beheying that it is

inaccessible, especially in Lancashu-e, where coal-mining is already

carried on with such marveUous energy, and in mines of such unusual

^
Greffl* Mine of Oldham. The next seam of value above the, Black

Mine is the Great Mine of Oldham, which yields there 8 feet of coal,

split up by three bands of clay and bass. As a seam it is not held m
much estimation, and at Ashton-under-Lyne and southwards becomes

degenerated, and is known only as the "Dirt Mine." Its distance

above the Black Mine is about 33 yards. The outcrop may be seen

at Werneth Hill, and at Old Eocher in the valley of the Medlock.

At Dukinfield it is termed " the three shreds " mine, and affords the

following section. Its' roof is blue " soapstone " or strong sandy

shale.
ft. in.

Coal - 4i

Dirt or clay " 1

Coal - - - i 5*
Dirt - - .--03
Coal of good quahty - - 1 4

Dht 4

Coal of good quality ... - 8

It crosses the Kiver Tame north-east of Glass House Fold, and again

at Haughton Dale, about 50 yards east of Harden Bridge. Below it

are two seams, known as the Salt Petre and Smithy coals, each about

2 feet in thickness.

Blenfire Coal and Rock. The escarpment of Oldham Edge, which
forms a very conspicuous feature when viewed from the north and east,

and which reaches at South Moor an elevation of 800 feet, is composed
of a very massive red sandstone called the "blenfire rock." This
escarpment commences at Edge Lane, at a point where the blenfire rock

is terminated against the great up-cast fault already alluded to. It

* When I say surface, it must be understood that -with respect to a coal-geam it

may mean the actual surface of the ground, or the hottom of the drift, sand, gravel,

or clay, which covers the solid strata. The term is here used in the latter sense.
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thence trends southwards through the centre of the town, gradually-

falling till it disappears in a valley, which is filled with a thick deposit

of gravel and Boulder clay. From this it emerges, and forms at

Glodwick Low an escarpment only a little lower than that of Oldham
Edge, being 749 feet in height. The ridge continues southwards,

gradually falling towards the valley of the Medlock, where the blenfire

rock may be observed on the banks of the river, but very much reduced

in thickness, owing to a down -throw fault which crosses the river

at Schoral Wood Cotton-mill, just at the point where the blenfire rock

ought to appear : this bed is scarcely visible along that fine section. The
two beds of red sandstone which occur at this point lie immediately

above and below the Oxicrow coal, and therefore above the blenfire rock.

This latter, however, is exposed to view in a quarry along the road

which runs east and west between Dukinfield and Newton. It was
found to be 42 yards in thickness at Victoria Colliery. It reaches

the surface at Hyde Colliery, and is quarried at Glass House Colliery

and Harden Bridge, at which point it enters Cheshire.

At Oldham Edge, and elsewhere along its course, this rock is remark-
able for its deep red and purple colouring. It is traversed by planes

of current-bedding and is full of stems of drifted plants. In places

it is very coarse-grained, resembling Millstone Grit, and containing

small pebbles of quartz. It seems to attain its greatest development
towards the north and east, for on the south-west side of Oldham it

appears to have almost thinned out, or at least to such a degree as

to be scarcely recognizable. At Bardsley Colliery it is 40 feet thick,

but this is a great falling off from its thickness at Glodwick, where it is

about 150 feet in thickness. This amount of attenuation has occured
in a distance of 1^ miles from N.N.E. to S.S.W.
The Blenfire coal lies immediately at the base of the rock at Oldham

and Glodwick.* It is a seam of a very variable chai-acter, and is seldom
workable. At Bardsley, it is known as the Rusty Mine, and is only
1 foot in thickness. At Dukinfield Colliery it gives the following

section :

—

ft. in.

r top coal - - - - - 10
Rusty M.ine< earth .... ^5

L bottom coal - 14
Above tUe seam in this place, there are about 30 feet of shales, by

which it is separated from the blenfire rock, and it is therefore by no
means improbable that in other places, where these shales are absent,

they have been removed by denudation, and perhaps part of the coal

itself has in some places been so destroyed.

Chamber Mines and Chamber Rock. The two seams known as the
Upper and Lower Chamber Mines, or as the JSIield and Pomphret
Mines, lie amongst a series of shales and flaggy sandstones bounded
below by the Blenfire rock, and above by the Chamber rock. These
seams crop out at Messrs. Bally and Marlands' Colliery, at Cross, near
Oldham, and north of Chamber Dam Colliery, where the overlying
sandstone may be seen in the quarry at Chamber Hall dipping
S.S.W. at 8°.

The Chamber rock forms a fine cliff at Eocher, on the banks of the
Medlock, and is largely quarried ; it here consists of grey, iron-stained,

flaggy sandstone, with plants. The outcrop of the Lower Chamber

* See section above, p. 24.
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the River Tame at Harden Mill. Now between these two limits

we find at Bardsley and at Dukinfield the following seams of coal :

—

BARDSLEY.
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Great and Roger Mines.—These are the most important coal-sea,ms

of the district, and they lie near the top of the whole series of thick

coals, though considerably below the position of the Ardwick or Brad-

ford 4-feet seam. If we were to attempt to define their position in

that part of the Coal-field which lies to the west of the valley of the

Irwell, we should probably not be far wrong in stating it to be that

of the Crumbourke and Rams (or 7-feet) Mine of Pendleton and

Worsley.
The Great Mine lies exactly 576 yards above the Black Mine at

Dukinfield. Its thickness there is 6 feet, and that of the Roger Mine

4 feet. At Denton the Eoger Mine is 5 feet 6 inches in thickness,

and is considered a good house coal. The distance between the two

seams is 32 yards.

At Lord's Fields Colliery, Ashton-under-Lyne, the Great and Roger

seams are worked at a depth of 138 and 170 yards respectively. The
dip is there west at 25°, and the levels are driven north to a large

up-cast fault, which throws out these coals. There still remains a

considerable area on the deep of this colliery, over which these seams

might be worked at a less depth than 500 yards.

The great fault, which forms the boundary of the mining ground of

Lord's Fields Colliery, seems to range by Taunton, Valley Bridge,

Warmley Wood Colliery, and Wroe's Cotton-mills, HoUinwood, in a

general direction from south-east to north-west. Along the course of

this fault the strata are much broken, at least towards Hollinwood ;

but at a proper distance to the south-west the Great Mine and all the

underlying seams wiU doubtless be found at workable depths. This

has been proved the case at Birchen Bower Colliery, near Hollinwood.

There the Moston Mine is reached at a depth of 260 yards, dipping to

the south. At Moston Colliery, which lies on the up-cast side of a

very large fault, the same coal is reached at 210 yards in one pit, and

285 yards in another. The dip here is also to the southward, and the

levels have been driven westward up to a large fault which passes

through Shakerley Green. Beyond this fault the Moston Mine has

not been proved ; but near Moston Hall a 3-feet coal was formerly

worked at 100 yai'ds, and there can be no doubt that this seam overlies

the 6-feet mine.

There is a considerable tract of ground stretching to the north of

the border of Triassic and Permian Rocks, extending from Moston Hall,

by Blackley, to Heaton Park, under which this valuable seam will pro-

bably be found at workable depths. Over this tract a great thick-

ness of drift clay and sand is spread, which has served to deter

attempts to open up its mineral treasures. It is to be hoped that the

publication of the maps of the Geological Survey may stimulate further

research.

Above the Great or Moston Mine there are several coals, such as the

Bland and Sod Mines, but they are of inferior quality, and split up
with partings of shale and bass. Above these is a seam 2 feet 6 inches
in thickness; which crops out at Dunkirk Colliery, and is underlaid by
a bed of fire-clay, 5 feet in thickness, which is there worked. About
50 yards higher still is a seam about 18 inches in thickness, which is

overlaid by fossiliferous shales. These beds are shown in the banks
of the River Tame, at the bend, west of Dunkirk Colliery. They
contain large calcareous concretions, rich in fossil shells of several

genera ofMollusca, discovered bymy colleague,Mr. A. H. Green, during
the progress of the survey. These beds may be placed near the top of
the Middle Coal-measures, and are the highest strata exposed to view
in this neighbourhood. The beds dip west at 40°, and are in close
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proximity to a small fault visible in the bend of the river near the
factory.

The Yard Mines ofMoston Hall Colliery, and Moorfield House Colliery,

Denton, both of •which have already been referred to, may possibly be
the same seam, and are, at any rate, very nearly on the same geological
level ; they are both of the same thickness, 2 feet 6 inches, and lie at
11 distance of something like 400 or 500 yards above the Great Mine.
It is not at all improbable that they represent the Bradford four feet
coal, or the seam next below it, called the Yard Mine. Should this

identification be established, and could we ascertain the exact distance
between these seams and the Great Mine at Denton and Moston, we
should then know with certainty the distance to the thick coals under
the east side of Manchester, a problem that all experiments have
hitherto failed to solve.

The manner in which the Denton seam was found to be cut into, and
thoroughly spoiled, by rock-faults has already been described. It ap-
pears to have been otherwise with the Moston seam, which has the
character of having been a good coal. It was reached at a depth of 85
yards, and was 2 feet 8 inches in thickness ; below this a seam was
found of 2 feet, and another of 1 foot 8 inches. The dip is S.S.W. at

about 20°.*

Upper Coal-Measuebs.

The Manchester Coal-Jield,

The Manchester Coal-field is an isolated tract of Upper Carboniferous
rocks, surrounded on all sides by those of Triassic or Permian age.
In shape it is somewhat oval ; but runs to a point at its opposite
extremities. Measured from S.S.B. to N.N.W. (that is in the direction

of its longest diameter) it is a little over 4 miles, and at its centre it

is one mile and a half across. It has a total area of about 4 square
miles.

The dip of the strata is everywhere towards the south or south-
west, so that the highest beds are found on the Manchester side of the
field, and the lowest beds crop out along its north-eastern boundary.

This boundary is a very large fault, which throws in the New Red
Sandstone, and may be seen in the banks of the Medlock at Bank
Bridge Print Works, On the western side the Coal-measures appear in
some places to be faulted against, and in others to dip in natural order
under, the newer formations.

Near the centre of the Coal-field, at Collyhurst, a fault crosses from
one side to the other, in a direction from south-west to north-east ; and
has been proved in the working of the coal-seams at Miles Platting.

On approaching it the seams were found to bend round towards the

south, and to end off in succession against its gradually sloping side,

which is here formed of the Lower Permian Sandstone of Collyhurst.

The coal-seams from this point trend across the field, dipping to

the south-west, till they are broken off against the boundary fault at

Bradford.

Very complete and interesting sections of nearly the whole series of

the Manchester Coal-field are exposed to view in the banks of the Med-
lock and Irk, and have been faithfully described by Mr. Binney in his

memoir " On the Geology of Manchester and its Vicinity
."-f-

We shall,

* For these details I am indebted to Mr. John Stanley, of Moston Colliery.

t Trans. Geo!. Soc. Manchester, vol. i. This paper was read in the year 1839,
and it is probable that, owing to the increase ofburldings, factories, &c., the sections

at present are less perfect than they were at that time.

7284. e
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witt this author, follow the course of these streams from Manchester

upwards; and thus having crossed the strike of the beds, from the

highest to the lowest, we shall become acquainted with the various

minerals in their order of succession.

Valley of the Medlock ^At Ancoats Bridge and at the weir of

Ardwick Dye-works, the pebble beds of the New Bed Sandstone have

' been proved, though they are not now actually visible. A little further

up, Lower Permian Sandstone has been found in a well which is now

open. This well has been sunk near the junction of the Coal-measures;

but it is a question of considerable uncertainty whether this junction is

a fault or a superposition of the strata.

Upon crossing the boundary we enter upon the highest beds of the

Coal-measures known in any part of Lancashire, consisting of reddish

clays, shales, and sandstones, with six beds of limestone varying from

a few inches to 5 feet in thickness. These limestones^, with their

accompanying measures, crop out between Holt Town reservoir and the

bend of the river opposite All Souls' Church. Along with this lime-

stone series are two thin seams of coal, a bed of black-band ironstone

very full of a bivalve shell, Anthracosia Phillipsii, which appears to be

exclusively confined to the higher stage of the Coal-formation, and a

bed of calcareous hasmatite, considered by Mr. Binney, with great

probability, to represent the ore formerly worked at Patricroft.

These beds all rise and crop out towards the N. N. E., at angles

varying from 18° to 25°.

Beyond these, opposite Beswick Lodge, the following strata may be

seen in the bank, viz. :

—

Red micaceous flagstone

Red, purple, and grey clays, with nodules of haematite

Dark blue shale - - . - -

These beds dip to the S.S.W. at 18°, and underlie the lowest band

of limestone.

Upon following the course of the river to the canal aqueduct, we
reach sandstone, ovei'lying the highest workable coal-seam, called the

Openshaw Mine, and continuing our course we cross the outcrop of six

seams of coal, most of them workable, with their accompanying measures

of sandstone, shale, and clay. The lowest strata are shown at the

elbow opposite the Grange, consisting of a coal-seam 10 inches thick,

grey and black shales, underlaid by a bed of grit, upon which Mr.
Wood's weir is erected. The beds here dip W.S.W. at 15°, and are

cut off and thrown down by the great boundary fault of the Manchester
Coal-field.

Of this fault Mr. Binney says, " In some places this rock " (the New
Red Sandstone) " overlies the basset edges of the coals, and in others

a bed of stiff red clay, of about a foot in thickness, intervenes between
them and the sandstone. The fault is not vertical, but inclines to

the east from one foot in two, to one in four, the inclination often

varying."*

The Limestone Series.—^In no other part of Britain have calcareous

beds been so strongly developed in the upper part of the Carboniferous
rocks. In most other districts where they are represented, a single band

* Trans. Geol. Soc. Manchester, vol. i., p. 51. Mr. Binney holds, in this paper
that the original fault, or break, has disappeared, that the strata of the Coal-
measures have been denuded as along a coast-line, and that against this surface the
New Bed Sandstone has subsequently beeji deposited.

ft.
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The Four-feet and Yard coals above mentioned are -worked at Brad-

ford and Clayton collieries. They are already exhausted to a consider-

able depth. At Clayton Colliery the four-feet coal is worked by Mr.

Bradbury on the " long wall " system, and to the late Mr. Bradbury

belongs the credit of having introduced this mode of coal-mining into

Lancashire.*

Below the coals above named a great, but unknown, thickness of

barren measures intervenes, separating the coals of the Manchester

field from those of the main Coal-field of Lancashire. These beds crop

out in the vaUey of the Irk, between Collyhurst and Smedley, and

consist of reddish sandstones and shales, upwards of 450 yards in

thickness.

Attempts have been made by Mr. Livsey to reach the thick coals

which undoubtedly lie below the Yard and Four-feet mines of Bradford.

If we assume the four-feet seam to represent the Worsley four-feet,

the distance to the Crumbourke mine ought to be about 300 yards, and

to the Rams or Seven-feet mine 345 yards ;
yet Mr. Livsey has pene-

trated, by sinking and boring, considerably beyond this distance, and

has not met with any seam of workable thickness. It is certain, how-
ever, from the section of the strata shown in the valley of the Irk, that

no coal-seam of sufficient thickness for working will be found at a less

depth than 616 yards below the Bradford four-feet mine. This will be

evident from the following considerations. If we take the grit of Bank
Bridge to represent a p&rt of the Delf Fold Eock, Collyhurst, the least

depth will thus be found :

—

ft.

Thickness of strata from the Bradford 4-feet coal to the

grit of Bank Bridge Print Works - - - 500
Thickness from the CoUyhurst (Delf Fold) rock to the

lowest beds of Smedley, in the valley of the Irk, all of

which are barren of coal . . 1,350

Least thickness of strata without coal - . . 1,850

or 616 yards

Valley of the Irk.—An almost continuous section of the strata may
be observed along the valley of the Irk, from CoUyhurst Sand Delf up
as far as Smedley Old Hall. The strata thus exposed to view must
be considered (as already stated) to underlie those just described in

the valley of the Medlock, containing the coal-seams of Bedford. The
highest beds shown in the Irk river-section consist of massive purple

and brown sandstone, the upper part passing into purple shales, which
are unconformably overlaid .by Permian sandstone. The former of these

has been somewhat largely quarried for buUding. Below this are a
' series of brown and purple sandy shales, on the top of which is a

10-inch coal, which crops out near Smedley Bridge. From below this

the " Smedley Grit," a thick bed of purple sandstone, rises towards the

north at 15°, and has been quarried opposite Mount House. Sandstones,

and shales with ironstone, are shown in the Fire Brick Works, and
below these two seams of coal, 16 inches, and 3 feet in thickness, are

reported to have been found.| A little beyond this, at Messrs. Jona-
than Andrews' works, the New Eed Sandstone has been proved.

* For the sake of consistency it mil be preferable to take the Fotir-feet Mine as
the base of the Upper Coal-measares, as this seam is supposed to represent the
Worsley and Pendleton Four-feet, which forms a convenient line of demarcation.
See Memoir of "The Geology of the country around Bolton," pp. 12-15.

t Stated by Mr. Binney, on the authority of Mr. Bradbury, " Geol. of Ma^-
chester," p. 58.
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Coal-measure sandstone may be observed at Green Mount Dye-
works, dipping south at about 20°, alongside Moston Brook. It is,

however, very uncertain how far west of the River Irk the coal-field

extends. It is likewise uncertain whether the boundary is here a

fault, or whether the Coal-measures are covered over by New Eed
Sandstone, with or without the intervention of Permian beds. Our
ignorance on these points is owing to the thickness of the Drift.

I have already stated the great depth at which we may expect the

thick coals of Ashton, Middleton, or Clifton to lie under Miles Platting,

but, whatever this depth may be, it wiU be considerably less in the

valley of the Irk at CoUyhurst. The depth to any of these coals would
probably be less by 200 yards at Smedley Bridge than under the Brad-
ford 4-feet coal. I am of opinion that an attempt to reach the coal in

the valley between the bridge and Smedley would be attended with a

fair prospect of success ; and, considering the closeness of the market,

and the demand arising from the factories and dye-works around,

would probably turn out a profitable speculation.

We have now concluded the description of the Carboniferous series

of this part of Lancashire. It may be interesting to give a view of

the vertical development of each of its members :

—

General View of the Carboniferous Series.

Feet.

"Limestone series - - 600

From the limestone to Open-
shaw coal

.

- - 600

From the Openshaw coal to

the Yard coal ;
- - 485

'Barren strata (Irk Valley) 1,678

Unknown strata -
—

Sod Mine to Black Mine - 2,000

^Black Mine to Royley Mihe - ' 897
Lower Coal-measures /From the Royley Mine to the

1,370. \ Rough Rock - - 1,370

r From the Rough Rock to the

Millstone Grit - -<. Limestone shale (measured

L atMossley) - - 2,000

Limestone Shale, or Yore- / Thickness uncertain, but pro-

dale series - - 1 bably falling little short of 2,000

Total thickness of sedimentary strata - - 11,630

Thus it appears that the Upper, Middle, and Lower Coal-measures

combined amount to no less than 7,630 feet, and the Millstone Grit to

2,000 feet.

Now, as to the thickness of coal. If we add the thickness of all the

seams, from 2 feet and upwards, of the Middle Coal-series, to that of

the Upper Coal-series of Manchester, we find the amount of workable

coal to be in round numbers 100 feet, which is more than that of the

Worsley district by 39 feet, and about 15 feet more than in the Wigan
district.*

Permian Formation.

This formation is well represented in the immediate neighbourhood

of Manchester, skirting the borders of the main Coal-field by Denton,

Droylsden, Failsworth, and Blakeley, and appearing along the western

margin of the Manchester Coal-field, from Rushford to Ancoats Bridge,

and still more strongly at CoUyhurst.

* "Geol. of Wigan," 2nd Edit. p. 22.

Upper Coal-measures
(Manchester),

2,013.

Middle Coal-measures
4,247.
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It consists of two members, the lower comprised of red sandstone,

and the upper of red marls, with bands, of fossiliferous limestone.

The formation rests unconformably on different parts of the Coal-

measures, and so great is this unconformity that, in the immediate
neighbourhood of Manchester, it reposes in one place on Coal-measure
strata which are at least 2,000 feet below those on which it rests in

another. The places here referred to are Collyhurst and Ardwick.
Collyhurst Section.—The two members of the formation are here

open to view ; the red marls in the right bank of the Irk above Travis

Isle, and in the opposite bank behind the houses. These beds were
once much more accessible to examination than at present, and have
been very fully described by Mr. Binney, who, in company with Mr.
Leigh, investigated their characters, and established their position in

the Geological scale.* From the marls, and thin bands of limestone
which were found interbedded vsdth them, these gentlemen collected a

considerable number of shells, nearly all of. small size, belonging to

the genera Rissoa, Turbo, Natica, Avicula, Axinus, and Lucina.
Some of the species being new, were figured and described by the late

Captain Thomas Brown.f These marls are stated by Mr. Binney to

dip regularly under the New Eed Sandstone of Newtown, which may be
seen in the bed of the river at Mr. Clemson's Dyeworks. They, in

turn, repose upon the red and variegated sandstone of the lower
division, and the junction may be very clearly seen at the bend of the
river above Travis Isle. Near the point of junction there occurs a
bed of coarse-grained grit, with small pebbles of quartz.

The lower red sandstone is opened out into very fine sections in

Mr. Buckley's quarries. A section is shown at least 100 yards in
length, and sometimes 60 feet in depth. Here we see a bed of
boulder clay, sometimes 20 feet in depth, resting on a nearly uniform
mass of bright red^ orange, and mottled sandstone, soft and friable, and

Fig. 9.

Section at Collthuest.

B. Boulder Clay. S. Permian Sandstone.

generally fine-grained. There are no pebbles in this sand, and it is in
great request for moulding at the iron foundries. The whole formation
is extremety like the " lower mottled sandstone " of the Trias, from
which it would be impossible to separate it, were it not that it unde r

* " On the Geol. of Manchester." Trans. Geol. Sec, vol. i., n. 54
t Ibid., p. 63.

^
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lies the fossiliferous marls of Permian age, as already stated. The
rock is traversed by planes of current-bedding, generally sloping

towai-ds the south at angles of 25° to 30°, but the true stratification of

the rock is indicated by long white or coloured bands, or lines, which
divide the different tiers of current-planes, and dip towards the south-

west at 5° or 10°. One of these bands is shown in the above woodcut
(Fig. 9), and I am persuaded, after several examinations, that the angle

of dip does not exceed this amount. The thickness of the sandstone

here is therefore, I believe, about 200 feet. Mr. Binney, however,
considers it to be 350 feet thick.*

The base of the formation is very clearly shown in the bank of

Moston Brook, near its confluence with the Irk. The red sandstone

rests unconformably on the purple shales and sandstones of the middle
part of the Coal-measures.

The amount of discordance, with reference to the direction as well

as amount of the dip, is considerable. The dip of theTCoal-measures is

about 10° east of south ; that of the Permian, about 10° west of south,

the difference being 20°
; while with regard to amount, the difference

is 10° or 12°, the dip of the Permian sandstone being 10° ; that of the

Coal-measures, 20° or 22°.

Fig. 10.

Section along the Medlock at Aedwiok.

ARDWIGI^. BESWIOk,

LIMEWORKS. :

4. New Red Sandstone, *estifig unconformably upon Permian beds.

3. Upper Permian Marls, dipping at a higher angle than the New Bed
Sandstone.

2. Lower Permian Sandstone, faulted against Coal-measures.
1. Upper Coal-measures with Limestone.

Manchester Sections.—The greater part of the city is built upon
New Red Sandstone, which stretches westward from the boundary of
the Coal-field at Ardwick, dipping probably at a small angle towards
the south-west (Fig. 10). Below this formation the Upper and Lower
Permian beds, together with the underlying Coal-measures, extend in

regular order, as has been proved by several borings in search of water.

These sections have been carefully collected and published by Mr.
Binney, to whose memoirs I shall frequently have recourse in treating

of these beds.

One of the most interesting sections was that obtained in the well of

Dr. Joule, near Albert Bridge, Salford,f which is as follows :

—

ft.

Trias.—New Red Sandstone, about - . . 470
Upper Permian.—Red clays, with bands of limestone - 120
Lower Permian.—Hard red sandstone (Collyhurst sand-

Stone), total thickness proved not stated - 10

600

*-Mem. Lit. and Phil. Soc. Manchester, vol. xiv., p. 6.

f On the Permian beds of the north-west of England, by E. W. Binney, F.E.S.,

Mem. Lit. and Phil. goc. Manchester, vol. xii.
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On the opposite side of the river the New Eed Sandstone was per-

forated at a much less depth, as may be seen by the following section,

obtained at Messrs. Lomas and Bradbury's works, Strangeways :

—

ft. in.

Post-Pliocene, or Drift sand, clay, &c. - - - 21
Trias, or New Red Sandstone - - -

. - 273
Upper Permian Beds.—Red clay (raddle), with two beds

of limestone - - - 44 4

Red clay, containing magnesia - 30

368 4

The following section gives the succession of the beds near the

centre of the city, and was obtained at the works,of Messrs- T. Hoyle

& Co., Mayiield* :—
•^

ft., in.

Trias, or New Red Sandstone . - - 143 4

Upper Permian.—Red and variegated marls, with beds of

hmestone and impure ironstone ] 50

Conglomerate - - - 1 2
Lower Permian.—Red soft sandstone - - - 69 4

356 5

The last section to which I shall refer is the most valuable, as it

actually passes through the New Eed Sandstone and Permian beds,

and enters the Upper Coal-measures, which rise to the surface at Ard-

wick. The Lower Permian Sandstone was found thinner than could

have been expected, only 70 feet, whereas we have already seen that at

Collyhurst its thickness is nearly 200 feet. These rapid variations

are, however, everywhere characteristic of the lower division of the

Permian beds in Lancashire.

This section was obtained in a boring for water, at the works of

Messrs. Fryer & Co, Chorlton-on-Medlock, and was as followsj :

—

ft.

Trias, or New Red Sandstone - - - - 114

Upper Permian.—Red marls, with limestones - - 237
Lower Permian.—Coarse red sandstone, with pebbles - 45

Coarse red sandstone - - - 24
Upper Coal-measures.—Red shaley marls, with hmestones 126

546

The limestones in the red shales contained Spirorbis carbonarius

and scales of Palaoniscus, clearly proving them to be of the age of the

Coal-measures of Ardwick. This fact, however, is not likely to prove

of economic value, for although the Coal-measures are thus found to lie

at a comparatively small depth under the south side of Manchester, yet

the depth to even the highest workable seam of coal, the Openshaw
Mine, would be not less than 1,800, or probably 2,000 feet,J together

with 350 feet more to the Four-feet seam ; such being the case it is

questionable whether seams of such moderate thickness will ever prove
sufficiently tempting to induce persons to penetrate for them to the

depths above stated.

* The fiill details of this boring are given by Mr. Binney, but a synopsis, as giyen
by the author himself, is probably sufficient in this place.

t Mr. E. W. Binney, Proceedings Lit. and Phil. Soc. No. 5., 1861, p. 137.

j: This depth is estimated by adding the thickness of the Trias and Fermian to that

of the strata at Ardwick, lying above the Openshaw coal, together with an allowance

for the dip of the beds towards the south-west ; the thickness may be even greater

than that here stated.
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Valley of the Medlock.—Crossing the band of New Eed Sandstone

which lines the eastern side of the Manchester Coal-field, we find

Permian beds rising from below the Trias, and spread out, through the

agency of several faults, over a band of country above a mile in width,

and stretching from Failsworth to the banks of the Mersey at Stockport.

There have been several borings in search of coal along this valley,

but they have never penetrated sufiiciently deep to reach a workable

seam. It is principally from the knowledge of the strata obtained

from these borings that the geology of that part of the district has

been brought to light to a degree which admits of being represented

on the maps of the Survey. We are not, however, altogether deprived

of ocular assistance, as the Trias and lower Permian sandstone are

opened out in several places along the banks of the river.

The New Eed Sandstone, seen at Bank Bridge, has been proved by
the late Mr. Bradbury to extend up the river beyond Clayton Vale.*

The sandstone at Clayton Bridge was found to be 59 yards thick, lying

upon red marls.j This sandstone may be seen at intervals for 400
yards, from above the bridge nearly to the weir. It dips to the west-

ward at an angle of about 5°. In every particular it resembles the

Permian sandstone of CoUyhurst, and not that of the Trias, as repre-

sented in this neigh^iourhood. It consists of soft bright red sandstone,

fine-grained, and free from pebbles. Its base may be seen near the

weir, and from beneath it rise, at a steeper angle, certain beds of purplish

grit and clay, which I consider, with some hesitation, to be referable to

the Upper Coal-measures. If the red sandstone of Clayton Bridge be
of Permian age, of which (judging from lithological character and
stratigraphical position) there is every probability, then these beds of
grit and clay must be Coal-measures. This may prove a most impor-
tant point in reference to the discovery of coal along this valley ; but
urtfortunately the extent of these beds exposed to view is insufiicient to

determine their true age beyond the possibility of a doubt.

Above the weir there is every reaison for supposing a large fault

crosses, though the exact spot cannot be ascertained, because the Per-
mian, and even the Trias, occurs again in force at Medlock Vale Print-
works, and also because this spot lies in the direction of a great fault,

which has been found at Moston Colliery.

In Jericho Clough borings were made by the late Mr, Bradbury, but
I have been unable to obtain information as to the exact spot, and the
clough is 600 yards in length. From the account of these borings
given by Mr. Binney, it is extremely difficult to tell to what formation
the beds belong. Mr. Binney seems to consider them as of Upper
Permian age, for he says "It is doubtful to me whether the lower red
sandstone has been perforated, and the Coal-measures reached,

especially as the former has been since proved to be of much greater
thickness than the whole of the sandstones in the lower part of the
section in Jericho Clough."| My own impression is that 129 feet,

consisting of clays with bands of limestone and grit, belong to the
Upper Permian formation, and the remaining 103 feet, consisting of

* Mr. Binney, in his account of the sections in the valley, states that the " Upper
Ked Sandstone " has been proved up to Jericho Clough. It seems probable, ho-w-

ever, that the Triassic and Permian sandstones have been confounded together in

the borings, as there can be no question, I think, that the red sandstone at Clayton
Bridge is Permian.

f Mr. Binney, Geol. of Manchester, Trans. Geol. Soc, vol. i., p. 52.

X
" On the Pennian Beds, &c." Mem. Lit. and Phil. Soc, Manchester, vol. xii.,

p. 15.
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various kinds of sandstone, to the Lower. Mr. Bradbury abandoned

the boring as not being favourable for coal.

Very recently a d6ep and instructive boring has been completed at

Medlock Vale Print-works by Mr. Wood, but unfortunately without

reaching coal, the object of his search. This section was kindly sup-

plied to me in detail ; but perhaps the synopsis, as prepared by Mr.

Binney, will prove sufficient here. It is as follows* :

—

ft. in.

Drift, or alluvial gravel - 26
Trias (red sandstone) - - - - - 23
Upper Permian.—Red marls, with beds of limestone and

6 thin beds of gypsum - - 246 3

Lower Permian Sandstone - - 375 11

Coal-measures - - 90

761 2

There can be no question that the Coal-measures were reached here,

as the beds consisted of grey, blue, and dark shales, alternating with

beds of grey and red sandstone ; but it is difficult to say whether

the measures are those which lie over or under the Bradford 4-feet

coal. I am inclined to think, after much consideration, that the

first workable coal which would be found would be the Yard seam,

formerly worked in Mostoh Hall Colliery. From the thicknesses

of the Permian beds as ascertained by the boring at Medlock Vale,

and allowing for the rise of about 15° towards the east, the base

of the Permian would probably reach the surface about
:J

of a mile

further up the valley, below Ash Bridge Farm ; but there is great

reason for supposing that the large fault, which has been proved at

Moston Colliery under Broad Lane, and which has a downthrow to

the north-east of about 60 yards, crosses the river a short distance east

of Medlock Vale House, and again throws down the Perpiian beds, and
thus spreads the Permian strata over a wider extent of groimd than

would otherwise be the case. The position of this fatdt is fiirther

indicated by the boring which was made at the corner of a field at Pole

Lane End, Failsworth, where the Permian sandstone was pierced to a

depth of 333 feet without having been passed through.'f The section,

as given by Mr. Binney, is as follows % :—
ft. in.

Drift deposits - 120
Red maris 5 4
Red sandstone - 333

458 4

This fault probably throws the Permian Sandstone as far east as a

line drawn from Wrigley Head, Failsworth, southward by Woodhouses,
Cinderland Hall, Ci'oss Gate (Audenshaw) , and Taylor Lane Farm, to

the banks of the Mersey, a little west of Beat Bank Bridge, where the

red sandstone may be seen in close proximity to the purple grits and
shales of the Coal-measures.

The position of the Permian beds at this point on the River Thane is

difficult of comprehension. I agree with Mr. Binney in thinking that

the Permian sandstone occupies a trough in the Coal-measures in one

* "Additional Obs. on the Permian Beds." Proc. Lit. and Phil. Soc, No. 5, 1861-
62, p. 138.

f The author visited the spot, and ascertedned the precise position of the bore hole

from the manager of Mr. W. Walmsley's mill.

( Mem. Lit. and Phil. Sop., vol, xii., p. 15.
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place, while it is faulted against them in another. In a pit 60 yards in

depth, sunk on the north hank of the river above the bend, a seam 3
feet thick was worked ; and, according to the statement of Mr. Peter
Higson, the levels were driven south for a distance of 100 yards in the

direction of Harden Hall, under the red Pennian sandstone. A seam
2 feet thick, lying 30 yards above the Yard coal, crops out in the river

bank (under the Drift), and west of this the beds were found in a ver-

tical position, indicating the presence of a large fault, along which the

main mass of the Permian beds is thrown in. The section here may
be somewhat as shown in the following woodcut.*

Fig. 11.

Section along the River Mersey West op Beat Bridge.

1. Terraces of Drift-sand and clay.

2. Lower Pennian Sandstone resting in a trough in the Coal-measures
in one place, and faulted against them on the other.

3. Coal-measures, with seams of Coal.

Reviewing the general course of the Lower Permian Sandstone, it

becomes evident that this rock, although extremely variable in its dis-
tribution, yet has a general tendency to thicken out towards the north-
east. The section afforded by the boring at Seedley Print-works, west
of Salford, proves that it is there only 12 feet in thickness, and at

Patricroft only 21 feet.f At Collyhurst, however, which lies E.N.E.
of these places, the thickness is at least 200 feet. Again, under the
south part of Manchester, as we have just seen,f the thickness is under
70 feet, while at Medlock Vale, lying about 4 miles E.N.E. of this,

the thickness is 375 feet, and at Failsworth, still in the same direction,

333 feet, without being penetrated. Thus we see a gradual increase in
vertical measurement as we proceed easterly and northerly. These
facts point to the north-east as the source from whence this sandy
sediment has been originally derived.

Another point of interest is the position of these beds with reference
to the Coal-formation which underlies it. In the memoir "On the
Geology of Bolton-le-Moors," I have drawn a diagrammatic plan to
illustrate the discordance between the two groups of strata. This dis-
cordance is shown to be least at Manchester, and to increase as- we
proceed westward, till it becomes a maximum towards St. Helens ; our
guide in the determination of the amount of discordance being the par-
ticular part of the Coal-measures on which the Permian beds rest. At
Ardwick, as we have already seen, the Permian beds repose on the
upper part of the Limestone series ; at Patricroft they overlap the
whole of this series, and rest on the haematite still farther down in the
series ; and at Bradford and Leigh the amount of overlap is still

greater. Now, just as the discordance increases as we proceed west-
ward from Manchester, so, I believe, it also increases as we proceed

* The geology of this part is a little south of the 1-inch Map 88 S.W. See
6-inch Sheet 112.

+ " Geology of the Country around Bolton." Mem. Geol. Survey, pages 20-21.

% Page 40.
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eastward, and that the Permian beds along the valley of the Medlock,

at Clayton Bridge and Medlock Vale, &c., rest on constantly descend-

ing beds of the Coal-measures, and certainly on considerably lower

beds than those on which they repose at Ardwick. The measures

proved in Mr. Higson's colliery at Denton must have been close to the

Ijorder of the Permian beds, but there was no appearance of the Ard-
wick limestones, and there can be no question they were below this

horizon. The same pi'oposition applies to the Coal-measures, which

skii't the Permian formation at Moston and Failsworth ; they are all

lower down in the series than the Ardwick limestones, and are pro-

bably near the position of the Bradford 4-feet coal. I have no doubt,

therefore, that the Permian sandstone rests continually on lower beds

of the Coal-measures as we proceed eastwards and northwards from

Manchester, and that on this account there is a prospect of iinding

workable coal at a less depth than might otherwise have been expected

beneath this formation.

New Red Sandstone, oe Teias.

The lower portion of the Trias is alone represented in this map, con-

sisting of the Pebble beds belonging to the Bunter division. These beds

are very well shown in several places around Manchester. They are

everywhere similar in character, consisting of coarse-grained red sand-

stone, rather soft, and containing numerous pebbles of coloured quartz,

grits, and Jiornstone or chert, the first-named rock predominating. It

is seldom that these beds are sutEciently compact in this neighbourhood

to be used as building stone, though they are largely quarried for that

purpose in the neighbourhood of Liverpool.

The finest natural section in this district is that exposed to view in

the river clifi^ which overhangs the IrweU at Broughton. There are

also good sections in the same river at Hulme, extending along the

banks from above Cornbrook to the railway bridge ; and also for some
distance along the banks of the Medlock, from its confluence with the

Irwell. The dip of the beds here is south-west, at angles varying from
10° to 20°. At OldsaU, Messrs. Worrall penetrated these beds to a

depth of 460 feet, without going through them. At the bottom of the

bore the water became so salt that they, discontinued the work, it being

no longer fit for dyeing and bleaching purposes.*

Another section is shown in the river bank at Waterloo Bridge.

The dip is here north-west ; and near this point, at Strangeways, the

rock was found to be only 273 feet in thickness. At Broughton
Bridge it was penetrated to a depth of 402 feet ; and at Wheat Hill,

to 345 feet.

The New Eed Sandstone is nearly everywhere covered by Drift,

except along the banks of the rivers which traverse Manchester, so

that it is a rare occurrence to get a glimpse of the rock on which the

city is built. A few months since, however, I was fortunate enough
to find, very much to my surprise, a considerable opening excavated
for the foundations for some houses on the north-east side of the London
Road, near Cornbrook Little Bridge. It consisted of soft red sand-
stone, with pebbles of quartz, dipping to the W.S.W. at 5°. It was
overlaid by only 6 feet of Drift.

The New Red Sandstone is a most valuable source of water-supply,
and is penetrated by probably one hundred wells in Manchester and
Salford, some of them yielding several thousand gallons of water per

* Mr. Binney, Proc. Lit. and Phil, Soc, No. 5, 1861-62.
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day, for the factories, dye-works, &c. There can scarcely be any doubt
that a large quantity of the water finds its way by percolation through
the strata from the rivers Irwell, Ii'k, and Medlock; for it is almost im-
possible to conceive that so large a supply can be derived directly from
the atmosphere alone. If we estimate the quantity raised from the New
Bed Sandstone and the Lower Permian Sandstone at 5,000,000 gallons

a day, we shall probably make no exaggeration, and recollecting that

this supply is cut off along the east side of Manchester by the Coal-

field, and that the greater part of the hydrographical area is built over,

or sealed against the infiltration of rain by a covering of boulder clay,

there appears to me to be no other way of accounting for so large a
supply. If this is the case, the New Red Sandstone must be considered

as a most admirable filter, when it is capable of transforming the

polluted streams of the Irwell, the Medlock, and the Irk into clear

water, fit for bleaching, dyeing, and similar purposes.*

Along the eastern side of the Manchester Coal-field, but few sections

of the New Red Sandstone can be observed. The district around
Heaton Park, Blackley, and Harpurhey is at present unexplored ground
with reference to its geological structure. Nowhere do the rivers and
brooks cut their channels down to the rock, and no light has been
thrown on their nature by borings, except in two instances. One of
these is the well at Crumpsall workhouse, which enters the New Red
Sandstone, and the other a boring in the same formation at Mr.
Jonathan Andrews' works, in the valley of the Irk.f This last boring
must be close to the great fault which forms the boundary of the

Coal-measures. At Newton this formation has also been reached in

a well,J which gives us some data for estimating the breadth of the

formation at this point.

The only section now open to view is that shown in the banks of the

Medlock at Bank Bridge, close to the fault which bounds the Man-
chester Coal-field. The beds consist of soft red sandstone, with pebbles

and bands of marl dipping W. 10° S. at 25°. Just above the weir, a
boring of 98 yards has been sunk into the same formation without
passing through.

From this point, the boundary fault turns towards the south, and
passes by Clayton Colliery and Openshaw, where the New Red Sand-
stone was penetrated to a depth of 148 yards.§

The breadth of the New Red Sandstone east of the southern ex-
tremity of the Manchester Coal-field, is nearly 2 miles, as its easterly

margin extends beyond the Gorton Waterworks. At the engine-

house one of the wells passes into the New Red Sandstone, a depth of

70 yards, and is capable of yielding 600 gallons of water per minute ;

which is remarkable, considering that the greater part of the district

is covered by Boulder clay, which must to a great degree prevent the
descent of the rain. That the 'sandstone in which the well is sunk is

Triassic, I have no doubt, from the samples shown me by the manager,
which I was able to identify by the pebbles of quartz.

From this district southward the strata are concealed by a deep
deposit of Drift, which overspreads the country in one nearly level

* Dr. Angus Smith, F.E.S., informs me tliat the water drawn from the Trias in

Manchester yields 14 grains of lime in a gallon, 8 grains of sulphate, and 6 of car-

bonate. This is probably an excess of salts above that usually given by this rock,

and may be owing to the impure source of the water, as already stated.

f Mr. Binney, Trans. Geol. Soc. Man., vol. i., p. 58, and vol. iii., p. 356.

% At the Shears public house, ibid., p. 40.

§ Ibid., vol, i., p. 40.
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sheet as far as the banks of the Mersey. Along the banks of this

river, both above and below Stockport, very fine sections in the

Triassic and Permian beds are shown, the description of which pro-

perly belongs to a future memoir.

Post-Pliocene, or Dkift Deposit.

I propose to give a short sketch of the succession of the Drift and
more recent deposits in the neighbourhood of Manchester, to which I
have recently paid a considerable share of attention.

When treating of this subject in a former memoir, " On the Geology
" of the country around Bolton-le-moors," I had merely given a sort of
passing attention to the subject, without any attempt at mapping the

divisions of the northern Drift. I was, therefore, under the impression,

generally shared I believe by the geologists of the neighbourhood, that

the high-level gravels which occur at Cheetham, Crumpsall, and
Pendleton, were the uppermost members of the Drift, and had no im-
mediate successors belonging to the Post-Pliocene period. It having
been determined, however, that in addition to the ordinary geological

maps, others showing the Drift and diluvial deposits should be prepared,

I commenced, with the sanction of Professor Ramsay, a systematic

survey of these beds, which speedily convinced me that the high-level

gravel is surmounted by a second formation of Till or Boulder clay,

quite as important, both in extent and thickness, as the lower, though
often denuded from the tops of the high grounds composed of the
gravel referred to.

In Mr. E. W. Binney's memoir " On the Drift Deposits of Manchester
" and neighbourhood,"* ia which a very detailed account of the subject

is given, the existence of this second bed of Boulder clay is not dis-

tinctly stated as a component member of the series, but is alluded to as
occurring in one part of Cheetham HiU, and gradually approaching the
lower Boulder clay, until it actually comes in contact (or nearly so)

with it, owing to the thinning away of the sand. In this paper " On
" the Drift Deposits of Blackpool,"! however, the same author describes

two thick beds of Till, separated by an intermediate formation of sand
and gravel, the whole presenting very much the appearance of the
Drift-series of the country around Manchester. The coast section here
was lately visited by myself in company with Professor Ramsay and
Mr. A. H. Green of the Geological Survey, for the purpose of obtain
ing a clearer conception of the nature and arrangement of the beds
along the fresh sections of the cliffs than could be obtained inland, and
of making a comparison of the general series with those we had been
tracing in the neighbourhood of Manchester. We could not fail to be
struck with the similarity in the arrangement of the beds ; but we
considered it prudent to reserve any positive opinion regarding their
parallelism in time, until the fact should be proved, or otherwise, by
an adtual survey of the intermediate tract of country.

The western half of the map is for the most part covered with a
thick deposit of sand and clay, through which the more ancient strata
seldom appear except in the deeper river channels. The eastern and
more hilly tract is generally bare of such a covering, though erratic

pebbles and boulders occur at considerable elevations. The thickness
of this formation is often very great around Manchester. The bajiks

of the Irwell at WTiitefield are composed entirely of drift, and are

* Lit. and Phil. Society Trans., vol. viii., new series, p. 194. f Ibid., vol. x.
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140 feet in height. At Mr. Stott's colliery, Prestwich, the drift was
found to be 150 feet thick. At Kersall Moor the drift is 160 feet,

judging from the height of the hill, and the level at which the rock
appears in the valley below. In the neighbourhood of Ashton it is

probably thicker than anywhere else ; thus at Broad Oak Colliery it

was found to be 174 feet ; at Mr. Kenworthy's Colliery, 130 feet ; at

Copperas House Colliery, 78 feet.*

On approaching the highlands along the borders of the counties,

occasional hills of Coal-measures appear rising from below the TUl

;

islands of rock surrounded by a sea of drift, giving promise of land ;

but in all probability these hiUs, of which Oldham Edge and Glodwick
Low are the most remarkable examples, were themselves onoe over-
spread by the deposit, and owe their present bareness to denudation.
The Boulder clay sometimes runs very far up into the hills along the

bottom of the valleys. It occurs in Greenfield Brook in the form of
fine laminated sandy shale. There is also a patch of it along the left

bank of the Tame, above Staleybridge. At Lees, near Oldham, the
thickness of the drift must be about 200 feet in the valley of the
Medlock, for I was informed that the level in the Arley Mine, at a
depth of 85 yards, was driven into drift gravel in the direction of
Nether Lees.

The general succession of the Post-Pliocene deposits around
Manchester, appears to be as follows :

—

1. Upper Boulder Clay, or Till - Reddish-brown clay with glaciated

pebbles and boulders, sometimes
containing bands of sand, and
showing more or less distinct traces
of stratification.

2. Middle Sand and Gravel - Fine sands, or gravel composed of
waterworn pebbles, the whole dis-

tinctly stratified.

3. Lower Boulder Clay, or Till - Reddish-brown stiiT clay with glaci-

ated pebbles, presenting faint traces

of stratification.

Below this third member a bed of gravel sometimes occurs, which is

mentioned by Mr. Binney as having been proved in borings and sinkings
at Barton Moss, and St. George's Colliery, Manchester ; but I have
nowhere been able to observe any such stratum in contact with the
rocks and beneath the Lower Boulder Clay, and am inclined to think
that it is merely a more stony form of this latter deposit, or a bed of
sand resulting from the immediate decomposition of the underlying
geological formation. Li the case of St. George's Colliery,| where
this lower bed of sand and gravel is stated to be lOJ feet in thickness,

it is remarkable that no such bed is visible in the section, not more than
150 yards distant from the pit, shown in the Collyhurst sandstone delf,

where the Lower Boulder Clay may be seen resting directly upon the
Permian sandstone. I therefore feel inclined to omit this gravel bed
from the general series of the Drift of this neighbourhood, as being
either of local occurrence, or arising from the well-known uncertainty

of such terms as used by miners and pit-sinkers ;—and to assume the
Lower Boulder Clay as the earliest stage of the Drift series.

* In addition to the above, I may mention a few more
, cases which have been col-

lected by Mr. Binney. At St. George's Colliery, Manchester, the depth was 55^ feet

;

at Victoria Park, 58 ; at Mr. Williams' fire-clay pit, Berwick, 53 ; and at the indus-
trial school, Swinton, in sinking a well, the bottom of the Drift was not reached at a
depth of 93 feet. At Crumpsall Workhouse, the depth is 125 feet.

f This colliery has been closed for some years.
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The Lower Boulder Clay.—Oa this bed the greater part of Man-

chester and Salford is built, and it may be traced almost continuously

from the banks of the Severn, between Didsbury and Heaton Mersey,

round by Heaton Norris, Openshaw, Clayton and Bradford, CoUyhurst,

Eed Bank, and the Eccles road west of Salford. Thence we trace it

westward by Monton, EUenbrook, Tyldesley, Atherton, and Hindley ;

and northward of Manchester we find cropping it out along the banks of

the rivers Irwell and Roch at the base ofthe high banks of sand. Owing
also to the fact that it rises in the direction of the hills, it sometimes

appears at the bottom of the valleys and brook courses : in this manner

it may be traced along the borders of the Tame, between Stockport and

Hyde.
The aspect of the Boulder Clay is so familiar to all of us that it

scarcely requires description ; at the same time there are few formations

which require closer scrutiny in order to arrive at a true notion of

the phenomena attending their deposition.* The colour and general

composition of the Till appears to be independent of the nature of the

underlying geological formation, as it is nearly the same whether it

rests on New Red Sandstone or Coal-measures ; on the other hand,

the nature of the pebbles and blocks of rock which it contains varies

with the locality ; but one almost constant feature applies to them from

whatever district they are gathered. They are all more or less polished,

striated, and scratched :—in a word, glaciated. The arrangement of the

pebbles in the clay is also peculiar,—sometimes we find them lying on

their flattest surface, and in nearly horizontal lines ; but more generally

they are imbedded pell-mell, some standing on end, others resting

obliquely, or in all possible positions. The stones are seldom very

large, and, taken as a whole, boulders of large size are by no means
numerous : these are for the most part found scattered over the

surface of the country, but there can be no doubt they have came for

the most part from the Boulder Clay.

The thickness of the Till varies with the locality. It is probably

greatest along the valley of the Mersey, and thins away, or entirely

disappears, in the direction of the hills. Having been deposited over

an uneven and generally inclined surface of the older rocks, these latter

rise from beneath it and the two succeeding members of the Drift in the

hilly districts of Bolton, Bury, Oldham, and Staleybridge. Around
Manchester and Salford it is largely employed in the manufacture of

bricks, of which the greater part of these towns is built ; and it is in

the brick-yards that almost all the sections are found.

It has sometimes been a question whether or not the Till is stratified.

To this point Professor Ramsay on a recent visit directed my special

attention. We visited together several sections in the neighbourhood,

and everywhere discerned traces of bedding. These were sometimes

very faint and rude, but were indicated either by partings of sand,

a change along a definite line in the colour and aspect of the clay itself,

or by a certain horizontal arrrangement of the stones; and we could

come to no other conclusion than that the formation is rudely stratified.

This remark applies equally well, or rather with greater force, to the

Upper Boulder Clay, in which we were so fortunate as to find a deep
and fresh section in the railway cutting above Strines' Print Works, near
New Mills.

Sand and Gravel.—This series is very distinct from either of the

Boulder Clays, and consists for the most part of clean running sand

* I use the -word as not necessarily implying stratification or bedding.
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and gravel, often varying much in thickness, and resting on an uneven
surface of the lower Till or of the older rocks. It may be traced from
the banks of the Mersey at Stockport northward by Reddish, G-orton,

Moston Hall, Harpurhey, Blackley, Cheetham, Prestwich, and along the

banks of the Irwell and Tonge beyond Bolton and Bury. Then west-

ward by Pendlebury, Swinton, Worsley Stocks, and Wharton Hall, in the

direction of Wigan. It also occupies a large tract by Heywood,
Middleton, Rochdale, and Eoyton. It appears also in the valley of the

Tame, and may be generally traced lying between the two beds of Till

from Stockport to Staleybridge. At Chadderton Park and Tandle Hill

it forms conspicuous elevations.

At Mr. Stott's colliery at Prestwich it was 50 yards thick ; and in

a pit north of Great Nathurst Hall it was not passed through at

60 yards from the surface.* Notwithstanding, however, its great

thickness in some places, in others it almost disappears. Thus at

Gorton it is not more than IS or 20 feet thick ; and at one or two places

at Cheetham Hill the Upper and Lower Boulder Clays almost meet
each other,—a fact noted by Mr. Binney. I am inclined to think, how-
ever, after having followed the outcrop of the sand for many miles,

that such a phenomenon is attributable in some degree to the undermin-
ing of the sand, and the consequent falling over of the clay. During
the denudation of the Drift there would be a constant tendency to the
formation of running sand, such as would easily be washed out of the
cliffs or hill side, and thus allow of the subsidence of the upper
clay.

The gravel is not only stratified, but also frequently obliquely laminated
or traversed by current-planes. The pebbles are watenvom, and are
not scratched or ground in the manner of those imbedded in the TUl.
At Bourton, Hyde, and Bredbury,')" shells for the most part in a frag-
mentary state have been discovered ; but it must be confessed that their

occurrence is very rare in this neighbourhood, though in similar deposits
at Blackpool they are abundant. Besides pebbles it contains great
quantities of drifted coal, which have doubtless been washed out of the
Carboniferous strata of the neighbourhood. The following list of pebbles
was made from the gravel of Heaton, north of Manchester, and they are
here stated in the order of their numerical abundance.

1. Carboniferous grit. 2. Carboniferous shale and pieces of coal.

3. Hard greenish Silurian grit. 4. Trap and porphyry. 5. Red
granite. 6. Red and white quartz. Further toward the hills, at Bolton
and Bury, the gravel is formed almost exclusively of Carboniferous grits.

It is seldom that bands of clay appear in the middle sand, but it so
happens that between Whitfield and Rochdale a bed of reddish clay
in all respects similar to the ordinary Till makes its appearance in the
very centre of the sand. It is probably not more than from 5 to 10
feet in thickness, but from the fact of its occurrence in a sandy country
it is largely worked for bricks, and assumes an appearance of greater
importance than really belongs to it. This bed of clay may be seen
in the railway cutting at Clough Side, in a brick-yard near Outwood
Park, and in several others west and south of Heywood and Hopwood
Park.
The sand has been subjected to a considerable amount of denudation

pi-evious to the deposition of the upper Boulder clay ; this may be one
way of accounting for its thinness in some places. We find the upper
surface frequently much eroded and worn into hollows, and filled

* Some 5 or 6 yards of the top of this pit was composed of upper Till.

t By Mr. John Taylor, Trans. Geol. Soe. Manchester, 1862.

7284. D
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with the upper Boulder clay, which has then the appearance on the

surface of lying at a lower level. Several very interesting sections

showing these phenomena came under my notice while tracing the outline

of the upper Till. The most remarkable was observed in a sand-pit at

Heyside, near Oldham, where the sand rises on one side several feet

above the Till which is shown inside of the pit to rest on the eroded

surface of the sand. The next section was observed in an excavation

on the west side of Oldham, near Chadderton Workhouse. In cutting

the new road from Altrincham to Bowdon, a section was exposed showing

what I now recognize as the upper Boulder clay, resting upon an eroded

surface of the middle sand. I was informed that here this latter has

been proved to be upwards of 20 yards in thickness, and the water level

is 15 yards from the surface at the upper part of the town. These, with

several others, combine to show that the two formations are to a certain

extent distinct from each other, and are separated by a period of time

represented by that necessary for the amount of deundation. At the

same' time there are other sections, such as that at Gorton, already aUuded

to, where the line ofjunction is perfectly even and regular.

The Upper Boulder Clay.—This subdivision of the Drift is so like m
all respects to the lower Boulder clay, that a short description of its

range will alone be necessary. It is this stratum which ascends the

highest flanks of the hills, capping the gravel, or resting upon the

surfaces of the older rocks. In either of these positions we find it on the

moors north and east of Bolton, on the western slope of Oldham Edge,

and filling in the valleys of the lower Carboniferous rocks of the Penine

Chain. From these elevations it slopes downward towards the plain of

Cheshire, and here it tends to form flat terraces, capping the sand,

along the banks of the BoUin'at Wilmslow, as also Bramhall Brook, the

river Tame between Stockport and Staleybridge, and the Medlock east

of Clayton. It also caps the high gravelly hills above Harpurhey and

Crumpsall. It forms the flat moorland of Clifton and Linnyshaw Moss,

and extends westward by Little Hulton to West Houghton. Along
the western banks of the Irwell and Tonge, it caps the sand all the way
from Pendlebury House to Bolton, and in this position it may be

observed in a pit above Dewhurst Clough, near Dunscar Bridge ; in a

brick-yard opposite Mr. Scowcroft's colliery at Bolton, and in a

sand-pit on the north bank of the canal, near Black Cat Colliery, Rad-
cliffe Bridge.

I have already stated, that the various members of the Drift above
described slope from the hills downward towards the plains; thus we
often find the base of the upper Boulder clay keeping the same height

above the bed of a brook for several miles, or even rising more rapidly

than the brook, and in tracing their boundaries by means of the 6-incli

ordnance map, I found them frequently crossing the contour lines.

Thus, if we take the level of the base of the upper Boulder clay at

Pendlebury we find it is there about 270 feet above the sea ; at

Halshaw Moor 275, at Bolton 300, at Little Bolton 370, and at Sharpies
it rises nearly to 500 feet :—so much for the slope from north to south,

along the northern margin of the plain. But the inclination is not less

perceptible along the eastern margin ; thus, if we trace the base of the
upper Till from Gatley, near Cheadle, in the direction of Poynton, we
find that at the former place it descends almost to the level of the
Mersey, while at the latter it is higher than one of the tributaries of
this same river. It is therefore evident that the beds of Drift rise fi'om

the plains towards the hills in at least these two directions.*

* Mr. Binney notices this fact at Pendleton,—Proc, Geol. Sec, 1843, p. 18.
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In order to account for this, I was for some time inclined to believe

that the slope of the beds was a true dip, arising from the elevation

of the land at the close of the Glacial period, and that this elevation had
taken place along the old lines of upheaval, dating as far back as the

close of the Paleozoic period. However, Professor Kamsay does not

consider that so speculative a theory is required to account for the

phenomena above stated, but suggests that the deposition upon a

previously inclined surface is a sufficient explanation; and in that opinion

I reluctantly concur.

The following list of rock-fragments, with their per-centages, have
been determined by Professor Eamsay at Gorton.

Silurian grits - - - 37 per cent.

Felspar porphyry - 31 „
Felstone - - 2 „
Carboniferous grits - 14 „
Granite - - - - 6 „
Porphyritic conglomerate - - 4. „
Carboniferous Limestone - 3 „
Ironstone . - - 2 „
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Boulders.—We frequently find very large boulders of granite,

porphyry, and other rocks, either imbedded in the TiU, or lying in

spots, frequently the summit of a hill. I shall here refer to a few of these

which are specially deserving of notice, as representatives of erratic

blocks from distant and local sources.

1. The first of these blocks occurs a little east of Chamber Colliery,

near Oldham, at a height of 670 feet above the sea. It has recently

been disinterred fi^om its bed of Boulder clay, where it lay entombed,

and is composed of felspar porphyry, a rock which can have no nearer

birthplace than the Lake District. It is about 8 feet in diameter,

and probably weighs about 12 or 15 tons. Its extreme hardness has

hitherto enabled it to resist all attacks, and every geologist will join

in sincerest good wishes that it may withstand every attempt at its

destruction.

2. The second example is of more local origin, but is worthy of notice

from its great size, and the elevation at which it lies. It is called the
" Way Stone," and is one of a group of large blocks, lying on Buck-
stones Moss, on the borders of Yorkshire, at an elevation of 1,550 feet

above the sea. The name has been given to the largest of a group of

blocks which lie on the crest of a ridge amongst the dreary moorlands,

and has probably served as a landmark for ages back. The boulders

are composed of very coarse massive grit or conglomerate, while the

ridge on which it stands is formed of fine-grained flaggy sandstones

and shales. From the base of the ridge stretches a wide plain looking

Fig. 12.

Way Stone.

towards the north and west, and it would appear that this great block
of grit had been stranded on this ridge by an iceberg while on its

voyage towards the south. That the Way Stone is an erratic block is

beyond question, as it is altogether dissimilar in mineral character
from the strata on which it lies. The largest of the group will

probably weigh from 15 to 20 tons.

3. A boulder of granite lies on the summit of Nicholas Pike near
Butterworth, at an elevation of 1,050 feet, and near this hill the Drift in

Hanging Lees Clough contains many large boulders of rocks not
occurring in the neighbourhood.

4. A boulder of indurated slate rock occurs on Brown Edge above
Mossley, at a height of 1,012 feet above the sea.

5. The last instances which I shall notice occur near Disley, and are,

therefore, rather out of the district embraced by this memoir ; but it

may be as well to note their occurrence while on this subject. The
long valley of Saltersford is lined by Boulder clay, which extends on
either side about half way up its flanks ; but on the crest of the ridge
which divides this valley from that of the Goyt, near a farm called
Black Hill Gate, and at a considerable elevation above the upper edge
of the Drift, lie two boulders of transported rock ; one of these is com-
posed of granite, the other of dark blue felspar trap, and their position is

at a height of 950 feet (approximately) above the sea, as determined by
Professor Ramsay with an aneroid barometer. From the general form
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of the valley we came to the conclusion that these blocks had been
carried over a ridge or pass which crosses the head of the valley,
called Dissop Head, which lies northward of that of Black Hill Gate,
and is itself of nearly the same elevation.

River Terraces, Valley Gravel The river terraces in the neigh-
bourhood of Manchester have already been fuUy described in previous
memoirs.* On one of these terraces Lower Broughton is built. It
rises about 6 feet above the present alluvial flat, which is liable to
floods. The edge of the terrace is marked by a sudden rise of the
ground, and may be traced from Grove Place, by Talavera Place, and
round by Irwell House to the Suspension Bridge. The inward boundary
of the terrace is formed by the steep bank of Boulder clay which runs
from the river cliff, by Great Clowes Street and the Grove Inn, to
Strangeways.f
On the north side of Lower Broughton a pit has been opened in the

Valley Gravel, affording the following section :

—

ft. in.

Soil and turf - 6
Sandy and clayey loam -40
Sand and gravel, or rounded pebbles, sometimes iron-

stained, and similar to those found in the Drift 6

At this pit I made a diligent search for shells, or any objects afford-

ing a clue to the age of these gravels, but without success, not even a
flint arrow-head has as yet been found, though they are certainly not
more ancient than those gravels which afford these relics of early
human art.

Persons who have crossed the ground on both sides of the Mersey,
froni Old Trafford to Altrincham, cannot fail to have observed the
extreme flatness of the country. I had frequently remarked it myself,
and was aware th^t on some parts of it there was a layer of gravel or
sand ; but was unaware whether this gravel belonged to the northern
Drift, or was of more recent origin. Not long since I commenced to

trace its margin, and found that it occupies a considerable extent of
country, and is either an estuarine deposit, at a period when the land
was at a lower level, or, as Professor Ramsay supposes, is an old river
terrace of a period when the rivers Irwell and Mersey had a much
wider range than at present. Failing the discovery of shells, which
would of course settle this point, we must leave it in abeyance for the
present.

The gravel lies for the most part on the lower Boulder clay, and is

composed of small pebbles, well rounded, and generally evenly bedded ;

sometimes it passes into fine sand, white or ochreous. It is exposed to

view in a brick-yard at Urmston, near Stretford, resting on Boulder
clay, and forming a terrace about 30 or 40 feet above the alluvium of the
Mersey. It may also be seen in pits at Cheadle, Didsbury, Bromy-
hurst, near Barton-upon-IrweU, at Barton Old Hall, and Barton
Grange ; at this latter place it underlies the peat of Barton Moss, and
rests on Boulder clay.

The gravel may be traced from Didsbury, through Withington,
Hulme, Old Trafford, Trafford Park, Patricroft, and Winton to Barton
Moss ; and it occupies all that flat country lying between the banks of
the Irwell and Mersey, and extending into Cheshire as far as Timperley
and Altrincham.

* Geology of Bolton, p. 29. Geology of Altrincham, p. 6.

t On the Geology of the country around Bolton-le-Moors,
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Warp At the base of Grundy Hill, east of Didsbury, is shown a

very interesting section in the large brick and tile works there in

operation, and presenting the following series in descending order :

—

1. Fine white sand, laminated - - - - 2 feet.

2. Layer of peaty matter, composed of the stems and
branches of a tree with a shining hark, either birch

or hazel - - -
'

- 3 inches.

3. Dark brown fine laminated sand, without pebbles

(warp ?)- - - - -5 or 6 feet.

4. Boulder clay with striated pebbles - - 5 feet.

On visiting this section I was struck by the remarkably laminated

aspect of the clay No. 3 ; but seeing that it passed down into genuine

Boulder clay, and was surmounted by sand, apparently the same as that

which forms the hill, I concluded that this was the junction of the

middle sand on the lower Boulder clay, and that the bed of decomposed
wood represented a land surface of the Drift period.

Professor Ramsay, however, on subsequently visiting the spot with
me, at once recognized the laminated clay as " warp," or alluvial mud
of a river, similar to that of the valley of the Humber, which he had
only lately visited ; and in this opinion he was confirmed by the rather

fresh aspect of the wood, and the fact that the whole lies in the river

valley of the Mersey, though at an elevation of 50 feet above the

ordinary level of that river. If Professor Ramsay's opinion is correct,

the position of this warp will show a former much more extended over-

spread of the river, including on either side a wide tract of flat country,
covered with fine sand and gravel, and extending from Didsbury for

many miles in the direction of the sea. The junction of the Warp with
the Till is not very apparent, but from the rapidly increasing thickness

of the former from its edge towards the base of the hill, it seems to rest

in a hollow formed in the Boulder clay.

FAULTS.

Faults in the Tuiis and PERsnAN Eocks.—The western boundary
of the Manchester Coal-field, north of Ancoats Bridge, appears to be
a fault, both on account of the absence of the Permian beds and the
manner in which the Coal-measures run up and terminate against it.

Mr. Binney, on the other hand, who, in company with Mr. Mellor, has
had an opportunity of examining the junction from a tunnel driven in

the limestone, considers this a case in which the Permian beds rest
uncomformably on an eroded surface of Carboniferous strata. He
says, " The Carboniferous strata present every appearance of having
" undergone considerable erosion by water, the shaly clays showing a
" very irregular surface, on which lay rounded boulders of Ai-dwick
" limestone, and the hollows in such clays being filled with Lower
" Red Sandstone.*

The fault which bounds the CoUyhurst sandstone along the south-
east, and which runs for some distance along the side of the Rochdale
Road was proved in the workings of the 4-feot coal, of which I have
had an opportunity of seeing the plans. The coal-seams, on approach-
ing the fault, bend round towards the west, and as the fault slopes very
much, in some places as much as lA vertical to 1 horizontal, the coal
has been worked considerably under the upper surface of the Permian
beds.

* Mem. Lit. and Phil. Soc, vol. xii., p. 12.
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The fault which forms the eastern boundary of the Coal-field may
be observed at Bank Bridge Works. Of this fault Mr. Binney states*
" that in some places the red sandstone overlies the basset edges of
" the coals, and in others a stiiF red clay, of about a foot in thickness,
" intervenes between them and the sandstone. The fault is not
" vertical, .but inclines to the east from 1 foot in 2 to 1 in 4. Great
" blocks of stone and coal recline on its sides, exhibiting appearances
" similar to what would be seen on a shelving bank of Coal-measures
" at the surface. The grit rocks project towards the sandstone further
" than the shales, forming little terraces, and bear marks of the action
" of water on a coast line ; no fractures or flexures appears in the
" sandstone to indicate the formation of the fault since its deposition."

The author of the above description considers that the Carboniferous

beds have been worn away by marine action to a distance from the

original, line of dislocation, and that upon the surface thus formed the

Trias has been deposited.

The fault which is marked on the Map with a dotted line as crossing

the Medlock east of the weir at Clayton Bridge Print-works, has pre-

viously been referred to. It is evident, from the general arrangement
of the beds as proved by the river-sections and borings, that a large

fault must cross the river between Clayton Bridge and Medleck Vale.

In the borings at the latter spot, as also in Jericho Clough, Trias and
Permian beds have been found beyond the outcrop of the Lower Per-
mian Sandstone, and the supposed Upper Coal-measures at Clayton

Bridge weir."]" This fault also appears to be in the same line with one

found at Moston Colliery.

The strip of New Eed Sandstone, 23 feet thick in the boring at

Medlock Vale, is probably let in by a small fault.

That the Permian beds, which were found in the boring near Fails-

worth mill, have been thrown in by a large fault, there cannot be a

question, as they are considerably on the rise of the general strike of

the Coal-measures of Moston Colliery. The fault which I have drawn,
in order to account for their presence here, is in a line with a very large

dislocation which ranges through Middleton, throwing down the strata

towards the north-east about 100 yards.

Faults in the Coal-measures.—The greater number of the faults in

the Coal-measures range north by west ; and nearly all those marked
on the Map have been either proved in the mines, or observed in

sections.

Of the faults marked at Middleton, the whole have been taken

from mining plans. One of these passes by Alkrington Colliery, and

has a down-throw to the east of 30 yards. The next passes by Tonge
Hall, and ranges for several miles, passing through the west part of

Heywood. The throw at Middleton is about 100 or 120 yards down to

the east ; and from this point it Seems gradually to lessen in amount,

and to die out on the north side of the Eoch. It may be seen in a little

gully on the north side of Heywood. Several small faults, north and

east of Middleton, do not require special notice.

The fault which passes by Hilton Fold is said to pass under Mid-

dleton junction, and is probably a continuation of the large dislocation

which ranges by Coalshaw Green, Hollinwood, Warmley Wood Colliery,

and has been found to pass by Valley Bridge, Waterloo, and to the

north of Lord's Field Colliery. Ashton-under-Lyne. Owing to the

* Trans. Geol. Soc, vol. i., p. 51.

f See ante, p. 4]

.
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refusal of the manager of Hollinwood Colliery to give me information,

I cannot say that the details regarding this fault south of HoUinwood

are very precise ; but I am informed that the strata for some distance

south of the fault were found to be very much broken, and thrown into

steep inclinations, so that the coals were unworkable. The fault has a

down-throw towards the south-west.

The faults which are marked as passing through the top of Hollin-

wood and Wemeth Lodge have been obtained from information on the

spot, and I have every reason to believe in their accuracy.

The faults which traverse the town of Oldham have been taken from

working plans. The largest of these commences south of Fairbottom

House, crosses the Medlock at Fairbottom Bobs, and ranges by Fitton

HiU and Sheepwashes. Here it has a slope of 45° east. It then

ranges by Oldham parish church, and at Edge Lane has a throw of

320 yards down to the east. It has been traced northward by Eoyton,

High Gate, and Hathershaw, in the workings of the Royley mine,

which is thrown out on the west side of the fault. Northward of this,

it continues its course west of Rochdale, by Oakenrod Hall, bringing

in the Eoyley mine in the isolated area already described.*

The faults which bring in the patches of the Arley mine north-east

of Heywood, have been taken from working plans. Some of them,

however, may be seen in the river banks ; one which passes south of

Bamford Hall may be seen in the bank at Gelder Brow, and in the

bank of the Roch at Grimble cotton-miU ; another at Broadhaigh
fuUing-mill ; and another west of HUl House mUl, in the south bank.

The faults at the east side of Oldham have been traced with the

assistance of Mr. Mayall, of Barrowshaw Colliery ; one of these, imme-
diately on the deep of the pit, brings in a strip of the Royley mine, and
has a down-throw to the west of about 180 yards.

The faults which cross the whole Coal-series, from west to east, at

Hurst, have been proved in the workings of several collieries. One of

them may be seen in a quarry near the railway bridge at Heyrod. The
fault which ranges from Dukinfield and passes under St. Michael's

Church, Ashton-under-Lyne, is indicated in the road-section under
Schoral Wood by the shattered state of the rock. It is a down-throw of

uncertain amount towards the south-west. Another fault, which seems
to run into the last-mentioned south of Dukinfield, passes by Dunkirk
CoUiery, and may be seen in the river bank at the bend near the rail-

way bridge. At Hyde the beds are very much disturbed and broken
by faults, which I have drawn from the plans as fully as the small scale

of the 1-inch map would allow. The Black mine, and all the under-
lying seams of the Middle series, appear to be thrown out to the east

by a large fault, which passes a little east of Newton .railway station,

as the Gannister coal has been worked near this spot, and there is not
room for aU the beds between the Black mine and Gannister seam to

rise and crop out in regular succession.

The "CurrerLane fault," which passes by Hursi Brook and Park
Hall, appears to die out eastward at Staleybridge, as there is no
appearance of it in the banks of the Tame at St. George's Church.
The faults in the Lower Coal-measures and Millstone Grit need scarcely

be described in detail, as they seldom involve any question of economic
value. Most of these are actually visible at one or more points of their

course. I shall confine myself therefore to the description of the Great

* I have received much assistance from Mr. Roscoe, of the firm of Eoscoe and
Lord and Mr. John Smith, of Bagslate, and Mr. Whitehead, mineral surveyor,
of Kochdale, in working out the structure of this district,
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Penine fault, which produces such important changes in the geological

structure of the district. This fault ranges nearly due north and south,

sometimes splitting into several branches and geraerally reversing the

dip of the beds.

The fault shows itself at Denshaw, at the north of tAe Map, and may
be very clearly observed along the section in the road at Wragstone,
where a little patch of the limestone shale is brought up on the west side.

The fault crosses the western end of Millstone Edge, and may be seen
in a gully at the head of the valley, at a spot where a cliff of the Kinder
Scout Grit is terminated. Further south it is seen reversing the
dip of the beds in a quarry north of Car ; and again near the entrance
to the tunnel, where the beds may be seen nearly erect. All along its

course, as far as Greenfield Brook, the position of the fault may be
ascertained by the verticality of the beds and the change of dip. At
this part it is joined by several branches, which radiate from the neigh-
bourhood of Warlow Pike, and show that at this spot enormous disturb-

ing influences have been concentrated. One of the most important
branches passes by the west side of WarmtonWood, and ranges northward
by Old Delf. It joins the main line at the base of Buckton Hill, and
henceforward the whole amount of disturbance is expressed by a single

line of fracture. The disturbed state of the strata occasioned by prox-
imity to the great fault may be seen in Car Brook, east of the turnpike
road. A remarkable folding of the grits and shales is shown a little

east of the fault itself, in a bank behind some bleach-works, of which a

Fig. 13.

CONTOETION OF THE StKATA ALONG- CaK BeOOK NEAK THE PenINE
Fault.

sketch is annexed (Fig. 13). I at first thought that the small fissure

there seen was the fault itself ; but on subsequent examination became
satisfied that the real fault is further down the bank. The grits are

extremely hard and compact, and, though bent in the manner shown in

the figure, are but slightly broken. The effect of the fault west of

Harridge Pike is to bring down the Millstone Grit against the

Limestone Shale ; this may be very clearly made out at the base of the

hill at Buckley's Farm, where the dip is very suddenly reversed (Fig. 4).

Further south, at Harpley, the second grit is brought down against

the shale, as the beds on the west side of the fault sweep round to the

east and are ended off against it. ^
At the western entrance to the cutting at Eoecross, the beds are seen

rearing up at an angle of 50°, but the fault itself is not visible. At the

southern end of Harrop Edge the fracture is very well shown at the

entrance to a quarry of the Kinder Scout Grit (Fig. 14), on both sides
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Fig. 14.

Pennine Fault at Hakuop Edge, neae Mottbam.

A. Massive, very coarse Grit.

B. Fine Grits and Shales.

the beds dip at high angles away from the fault in opposite directions.

From this point the line of disturbance may be traced southwards into

Cheshire and the borders of Derbyshire, producing similar changes in

the geological structure of the country.
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APPENDIX ON THE FOSSILS,

By J W. Salter, F.G.S., A.L.S.

I am sorry that circumstances, over which I have no control, prevent my
filling up the following lists from data in the Manchester and other museums.
I can but give those collected by the Survey ; adding a few observed by myself
in the collection of the Manchester Geological Society, or supplied to me on
certain authority. This can therefore only be considered as a contribution to

the paleeootology of the eastern portion of the Lancashire Coal-field ; not as a
full illustration of it.

Millstone Grit.

Name. Locality. Position.

Lepidodendron Stem-
bergii

Stigmaria Jicoides

Stembergia
Halonia - - -

Nceggerathia -

Catamites Suchowii -<

Neurapteris

Ulodendron majus -

Athyris ambigua, or "I

planosulcata - -
j

Avioulopecten

Aviculopecten papy-J
raceus - - -T

Posidonia Gibsoni? -i

Monotis ? obtusa - i

Monotis ? lavis ? - -I

Modiola, sp. - -i.

Goniatites Listen

Goniatites striatus

Goniatites Gibsoni

Goniatites truncaius

Goniatites reticulaius

Goniatites spiralis -

;{

St. Paul's Church, Staleybridge

Do.
Do.
Do.

North of Mottram . - .

Quarter of a mile east of Red Brook
Reserroir, 10 miles N.E. of
Staleybridge.

Bottersley Clough, Yorkshire,

North of Mottram ...
Hattersley, 1 mile S.W. of Mottram

Do.
Dry Clough, 8 miles north of Dob

Cross.

Horestone Edge, 6 miles north of
Dob Cross.

Dry Clough, 8 miles north of Dob
Cross.

Forestone Edge, 6 miles north of
Dob Cross.

March Hill, 5 miles north of Dob
Cross.

Road Cutting, Boe Cross, near
Mottram - - . . -

Hattersley, 1 mile S.W. of Mottram

Pule Moss, 3 miles N.E. of Diggle.

Hoarstone Edge, 6 miles north of
Dob Cross.

March Hill, 5 miles north of Dob
Cross.

Pule Moss.
Hoarstone Edge, 6 miles north of
Dob Cross.

North of Mottram.
South side of Pule Hill, Yorkshire.

/Middle of Millstone

1 Grit.

Do.
Do.
Do.

/ Deep in Millstone

I Grit.

/Deep in Millstone

I Grit.

/ Over the Mottram
I.

Coal.

Do.

}
-

}
-

} -
\ Near bottom of Mill-

J stone Grit.

/Over the Mottram
\ Coal.

/Shales in Millstone

X Grit.

1

/

} -
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Name.
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Name. Locality. Position.

AsterophylUtes,sp. inc. J

Sigillaria hexagona - J.

Sigillaria mammillata

Sigillaria reni/ormis -

Sigillaria, sp. inc. - i

Calamites Suchowii i

Calamites, sp. inc. - <

Lepidodendron Stern-

\

bergii -

1

Lepidodendron
talum

Lepidodendron

vatum

dila-

obo-

Lepidodendron,s^,inc. <

Lepidostrobus

Ulodendron majus

Halonia -

Stigmaria ficoides

Stigmaria, sp.

Fruit of Calamite

Aviculopecten papy-
raceus - - -

Anthracosia ovalis - >

Anthracosia acuta

Anthracosia, sp. inc. -<

Anthracosia, (Hali- J
fax species) - -\

Monotis? (^Gervilliay

obtusa, Brown

Broad Car, Mossley, Staleybridge -

Roadfield, east of Rochdale -

Redlumb, 5 miles W. by N. of

Rochdale - - -

Do.
Do. -

Two miles N.W, of Rochdale
Helpet Edge, Ogden Mill, 4 miles

north of Oldham
Redlumb, 5 miles W. by N. of

Rochdale - - - -

Roadfield, east of Rochdale

Long Grains, 4 miles north of Dob
Cross

Helpet Edge, Ogden Mill, 5 miles

north of Oldham
Ashworth Moor, below Pottery

Two miles N.W, of Rochdale

Roadfield, east of Rochdale

Two miles N.W. of Rochdale

Bagslate Moor, li miles north of

Rochdale - - . -

Broad Car, Mossley, Staleybridge -

Roebuck Low, 14 miles N.E. of

Oldham -

Roadfield, east of Rochdale
Ashworth Moor, below Pottery

Do.
Bagslate Moor, IJ miles north of

Rochdale - - -

Roadfield, cast of Rochdale -

Two miles N.W. of Rochdale

Helpet Edge, Ogden Mill, 4 miles

north of Oldham

Long Grains, 4 miles north of Dob
Cross ....

Broad Car, Mossley, Staleybridge -

Roadfield, east of Rochdale -

Roebuck Low, 1^ miles N.E. of
Oldham - - - - -

Ogden Mill, 5 miles north of Old-
ham -----

Shore Edge, 4 miles north of Old-
ham - . -

Count HiU, N.E. of Oldham -

SholTer, 2 miles N.E. of Oldham -

High Maroroft Gate

Dog Hill, Oldham
Bagslate Moor, Ij miles north of

Rochdale - - - - -

Roadfield, east of Rochdale -

Helpet Edge, Ogden Mill, 4 miles

north of Oldham
Bagslate Moor, 1^ miles north of

Rochdale - - -

Crompton Moor, 4 miles north of

Oldham

Gannister Coal.

Do.

I Peatberedge Coal.

Do.
Do.

Above Gannister Coal.

}
Count Hill, N.E. of Oldham -

^Peatheredge Coal.

Gannister Coal.

r Gannister Beds. Coal
< above the Lower

L Yard Mine.

I Upper Poot Mine.

Featheredge Coal.

Gannister Coal.

Do.

Do.

I
Do.

Do.

j Do.

Do.
Featheredge Coal.

Do.

|- Gannister Coal.

Do.
Do.

["Lower MineFoot, be-
< low the Gannister

L Coal.

r Gannister Beds. Coal
•< above the Lower
[ Yard Mine.
Gannister Coal.

Do.

I
Do.

I
Do.

I
Do.

Do.
Bullion Coal,

r Above Featheredge

1 Coal.

Over Gannister Coal.

\ Do.

Do.
1 Little Mine, next be-

/ low the Gannister.

> Gannister.

\ Little Mine, next be-

J low the Gannister.

Gannister Coal.
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Name.

Monotis lavis, i

Brown L

Posidonia Gibsoni,<

BroTTn

Posidonia Icevigata, V

Brown - -
'

Goniatites Listen

Gohiatites paucihbus
Goniatites, sp. near")

truncatus - J

Orthoceras, sp. inc. - i

Discites -

Megalichthys Hib-
j

berti - - -
|

i EgertoniiPalceoniscus

Palceoniscus monensis i

lihizodas gramilatus •

Ccelacanthus {

Locality.

Shore Edge, 4 miles northofOldham
Ogden Mill, 5 miles north of Old-

ham - . . -

High Marcrofi: Gate -

Shore Edge, 4 miles north of Old-

ham . . - - -

Sholver, 2 miles N.E. of Oldham -

Shore Edge, 4 miles north of Old-

ham - - - -

Ogden Mill, 6 miles north of Old-

ham . . - - -

Eoebuck Low, H miles N.E. of

Oldham . - - - -

Sholver, 2 miles N.E. of Oldham -

High Marcroft Gate - - -

Sholver, 2 miles N.E. of Oldham
Eoebuck Low, l^ miles N.E. of

Oldham
Do.

Shore Edge, 4 miles north of Old-

ham

High Marcroft Gate

Do.

Count Hill, N.E. of Oldham

Bagslate Moor, 1^ miles north of

Rochdale . . .

Helpet Edge, Ogden Mill, 4 miles

north of Oldham
Bagslate Moor, Ij miles north of

Rochdale
Helpet Edge, Ogden Mill, 4 miles

north of Oldham
Cromptou Moor, 4 miles north of

Oldham . - -

Kenyon Fold, 2 miles north ofRoch-
dale - . - -

Kenyon Fold, 2 miles north of

Rochdale

Position.

Gannister Coal.

I
Do.

r Ahove Featheredge

I Coal.

I Gannister Coal.

Bullion Coal.

> Gannister Coal.

[ Do.

1 Do.

Bullion Coal.

J"
Ahove Featheredge

1 Coal.

Bullion Coal.

[• Gannister Coal.

Do.

I
Do.

J"
Above Featheredge

I Coal.

Do.

I
Lower Foot Mine.

I Gannister Coal.

"1 Little Mine, next

J below the Gannister.

Gannister Coal.

Little Mine, next
below the Gannister.

Do.

Gannister Coal.

Do.

I add (as they are so near the district) fossils from the following localities,

just out of quarter sheet 88 S.W.

Name. Locality. Position.

Stigmaria ficoides - i

Sigillaria

Palceoniscus monensis \

Palceoniscus Egertoni

Megalichthys Hibberti

Rhizodus granulalus -

Rose Grove, Broadbottom, south of

Mottram

Do.

Rose Grove, Broadbottom, south of

Mottram

Do. -

Do.
Do.

{GannisterBeds,above
the Lower Yard
Seam.

Do.

f
Gannister Beds above

the Lower Yard
Seam.

Do.
Do.
Do.
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Middle Coal-measukes.

Name. Locality. Position.

NeuTopteria Loshii

JVeuropteris hetero- "I

phylla - - J

Pecopteris niuricata - V

Sphenophyllum erosum
Sphenopteris, sp. inc.

Sphenopteris (Pecop.') 1

latifolia - -
J

Aster ophyllites grandis

Lepidodendron, sp. -

Lepidodendron Stern- 1

bergii - -J
Lepidodendron obova- I

turn - -\
Lepidodendron eU- \

gans - - -

j

Adiantites, ep. -

Lepidophyllum -

Poacites -

Calamites

Calamites Suckowii - i

Calamites decoratus -

Calamites cannasformis

Calamites undulatus -

Calamites, with nar-i
row ridges - -\

Calamites, 2 sp.

Ulodendron majus

Ulodendron minus

is I

.{

Stigmaria ficoides

Sigillaria reni/ormis

Sigillaria oculata

Faimilaria nodosa

Li'Thulus trilobitoides

Estheria -

Pygocephalus Cooperi r

Serpulites, wavy sp. L

Aviculopecten fibril- \
losus, n. sp. . - J

Aviculopecten, pi, 1,

1

f. 2 - - . J

Aviculopecten payra- 1
ceus, pi. 1, f. 1 - J

Anthracosia, sp. inc,

Anthracosia acuta

Anthracosia ovalis - \

Anthracomya modio- 1

laris - - -J
A. dolabrata -

Dukinfield - -

Tibbs Street, Denton

Do.
Dukinfield -

Tibbs Street, Denton
Dukinfield, Staleybridge -

Do.

Do.
Do.

Do. -

Dukinfield Colliery

Hayes Colliery, Oldham.
Natt Bank and Meadow Croft Mill,

near Eochdale
Do.
Do.
Do.
Do. -

Dukinfield

Tibbs Street, Denton
Dukinfield Colliery

Do.

Do.

Ashton-under-Lyne

Natt Bank.
Oldham.
Hayes Colliery.

Dukinfield Colliery.

Tibbs Street, Denton
Dukinfield

Dukinfield

Do.
Do.

Oldham (Manchester Geological
Museum).

Natt Bank . . _

Park Bridge, Ashton

Ashton-under-Lyne

River Section, Ashton-under-Lyne-

Do.

Do.
Do.

Mill Lane, 3 miles N.W. of Stockport
Dukinfield

Banker's HiU, north of Eochdale -

Dukinfield - - - -

MUl Lane, 3 miles N.W. ofStockport

Natt Bank.

Oldham.

Do.

New Mine, lower
part of Middle
Coals.

Town Lane Mine.

Do.
New Mine.
Town Lane Mine.
New Mine.

Do.

Do.
Do.

Do.

Black Mine.

I- Under Ariey Mine.

Do.
Do.
Do.
Do.

New Mine.
Town Lane Mine.
Black Mine.

Do,
r Black Mine and
\ Town Lane Mine.

Over Great Mine.

Town Lane Mine.
New Mine.
Town Lane Mine.

Do.
Do.

Koyley Mine,
r Probably fi-om Black
\ Mine.
Over Great Mine.

Do.

Do.

Do.
Do.

Black Mine.
Do.

r Shales, 30 feet below
\ Royley Mine.
Black Mine.

Do.

Do.

Do.
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Name. Locality. Position.

Anthracoptera, sp. --l

Anthracoptera, like
•

A, quadrata -
}

Anthracoptera modio- \
laris - -

J
Ctenodonta, sp., pi. 1, \

f. 3 -

Nautilus prcBcox, sp.,

pi. 1, f. 5

Discites rotifer, pi. 1,

f. 6

Discites, sp., pi,

f. 2

Goniafites, sp,

f. 4
Ithizodus granulatus

Hhizodus, sp. inc.

Megalichthys Hibberti

Pleuracanthus gib

bosus -

PaleEoniscus JEgertcmi

Cwlacanthus

}

}

)., pi. 1,1

Mill Lane, 3 miles N.E. of Stockport

Dukinfield - - -

Banker's Hill, west of Rochdale

Do.

Asliton-under-Lyne

Do.

Do.

Do.

Do.

Dukinfield Hall

Peoples' Bridge, Manchester

Ashton-under-Lyne

Peoples' Bridge, Manchester

Do.
Do.

Black Mine.
Do.

r Shales, 30 feet below

\ Arley Mine.

Do.

Over Great Mine.

Do.

Do.

Do.

Do.

Black Mine,
r Bottom of Upper
\ Coal-measures.

Over Great Mine.
Upper Beds. Bot-
tom of Upper
Coal-measures.

Do.
Do.

The following are the contents of the marine bed at Ashton-under-Lyne :

—

Ashton-under-I/yne.—In large concretions in shales (about 160 yards over the
Great Mine). In river bank.

Catamites, narrow
ridges.

Wood, long strips.

Serpulites, wavy spe-
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But a short special notice should be given of this marine band, containing as

it does a small peculiar fauna, comparable with that of the Lower Coal-measures
of Shropshire, and yet wholly distinct. It is true the common marine shell,

Aviculopee.ten papyraceus, occurs in this remarkable band. But even this

is dwarfed, and except this species, the fossil contents are wholly different, both
from those of the Lower Coal-measures, and those of the beds among which
they occur.

As a test of the relative age of the beds, this evidence, scanty as it is, is very
valuable. It shows clearly that the change from the faima of the Lower to that
of the Upper Coal Measures was one of great extent. So much so, that, as the
species of Cephalopods, Brachiopods, &c., of the Lower Coal-series differ widely
from those of the Mountain Limestone, and yet belong to the same genera, so

in Uke manner, the fossils of the Upper Coal-measures, where deep-sea bands
occur, show that sufficient time had elapsed to present us with new and distinct

species, though all nearly comparable with those of the Lower Coal-measures.

Aviculopectenfibrillosus, Salter, sp. n. PL l,f. 2.

A. parvus, f wncitB longus, valvis cequiconvexis, elongato-ovatis, striato-radiatis

;

umhonibus prorsim curvis. AuricultB valde ineequales, antica recta magna,
postica minor obliqua, sublinearis. Superficies Icmgato-striata, rugis concentricis

nonnullis, U/neisque minntis, crebris, interlineatis, scepi abbreviatis radiata.

This, the most abundant shell of the deposit, is not hke any of the coal

species yet described, nor quite the same with any of the mountain limestone
forms, though allied to several elongated thin-shelled species with slight super-
ficial ornaments. The fine flbrillose striae, which cover every part except the
ears, are very characteristic. They do not divaricate, but radiate directly from
the beak, interrupted and frequently duplicated in their course.

Ctenodonta, sp. inc. PI. 1, f. 3.

All that can be said about this smooth form, with a few concentric lines of
growth, is that it does not belong to either of the common mountain limestone
species, such as C. attenuata, C. tumida, C. brevirostrum, &c. But it is too
imperfect to name.

Goniatites, sp. inc. f. 4.

A single contraction, marking the usual varix at the mouth of the Goniatite,
determines the genus of this fragment.

Nautilus prmcox, Salter, sp. nova. PL 1, f. 5.

N. latus hescagonus, ore transversa ; dorso planato, vix concavo j lateribus
obliquis, subplanis ; umbilico profunda. •

A fine species, at least two inches across the mouth, and about the same in
diameter. The general form is that of the Oolite species, N. hescagonus, &c.,
the sides sloping away from the flattened back at an angle of about 120°, and
the umbilicus being (as usual in Carboniferous forms of the genus) steep, and
broader than in the Oolite forms.

N. clitellarius. Sow. (Trans. Geol. Soc. 2nd series, vol. v, pi. 40, f. 5.), has a
rounded back. N. coneaims, id. f. 6., has far too narrow whorls. Yet this
Colebrook Dale species has a certain reseinblance to our fossil. N. pingnis
M'Coy (Carb. Foss. Ireland, pi. 2), has some characters in common, but has not
the flat oblique sides, which gives so much the aspect of an Oolite shell.

Discites rotifer, Salter, sp. n. PL 1, f. 6.

Whorls 4-6 (the outer rather more than twice the width of the preceding),
compressed (or flat ?) on the sides, with a marginal ridge on either side of the
narrow flat (or concave?) back.

It is so crushed and imbedded that we cannot be sure of the section. The
markings, however, are clear: the sides have numerous dose rounded ribs of a
sigmoid form, fainter both at the inner and outer margins of the whori, and
only strong in the middle. The breadth of the ribs as great as the interval
between them.
The ribs in D. falcatus (Sow. in Trans. Geol. Soc. 1. c. f. 9 have a much

greater bend forward, and are as strong at the outer margin as at the middle
7284. 1=.
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There is no ridge, either at the outer margin, and the section of the whorl
is squarish. Nevertheless the species are much alike, and at one time I

thought them identical.

Discites, sp. inc. PI. 1, f. 7.

This sheU has flat discoid whorls, more rapidly increasing than in the last

species. They are gently convex over the sides, then concave, ridged externally

and flat on the hack. The lines of growth are tolerahly strong and equidistant,

and have a strong sigmoid bend along the middle of the whorl, almost
amounting to a lobe or process on the edge of the mouth. Section flattened,

square on the back.

So far as can be seen from our very imperfect specimen (which nevertheless

is not crushed), N. latidorsatus, M'Coy, is nearest to it in form, having the outer

ridges raised; but is too square in section, and has not a sufficiently rapid
increase of the whorls. N, discors, or N. mutabilis, of the same author, are both
like ours, but want the raised border.

Discites. PI. 1, flg. 8.

This giant species may be but the fuU-grown portion of fig. 7, and is only
figured to show the great size these Cephalopod shells attained in the upper
part of the Coal-measures.

IJppBK Coal-measures.

Name. Locality.
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Name. Locality. Position.

AnthracopteraBrown-
iana - . -

Anthracomya
lipsii -

Phil-

Anatin.a-]ike shell -

Pleuracanthus gib-

PalcEoniscus Egertoni

PalcEoniscus, sp.

Rhizodus granulatus

Phizodus. sp. {
Amhlypterus
Megalichthys Hihberti

Ctenoptychius crista-

tus.

Platyscmus, Gyra-
canthus, ^c, Sfc.

Ardwiok, Bradford, &c.

Do.
Bradford, Manchester -

Clayton - - .

Do. - - -

Bradford, Manchester -

Ardwick, Manchester.
Do.

Clayton . . -

Bradford, Manchester -

Ardwick, Manchester.

Clayton - - -

Do.
Ardwick, Manchester.

Over Yard Mine.
r Over the thick lime-
\ stone.

Do.
Over Yard Mine.

r Over the thick Lime-

\ stone.

Over Yard Mine.

J"
Over the thick Lime>

\ stone.

Do.

For a better list of these Ardwick fishes the reader may consult the

1st volume of the Manchester Geological Transactions.

Permian Beds.

The marls at Collyhurst, &c. contain BakevelUa antiquaj' B, tumida:

Pleurophorus costatus s Schizodus obscurus and S. rotundatuss Turbo man-

cuniensisj T. helicinus : Rissoa obtusa j R. Leighij R. Gibsonij Natica minima:

and some others. These fossils were originally figured and described by the late

Captain Brown, in his appendix to Mr. Binney's paper, " On the Geology of
" Manchester."—Trans. Geol. Soc. Manchester, vol. 1.
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UPPER COAL MEASURES.
P] 1

MARINE SHELLS, ASHTON UNDER LYNE.
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GREAT BRITAIN
Jfo. *4 Tolkestone and Eye.
i Hastings and Newhaven.
6 Bromley and Chatham. __

7 JParts of Middlesex, Berks, Bucks, and Surrey.
8 Wokingham. 6s.

9 Brighton and Chichester. 69.

•10 Isle of Wight. 8».

11 Hampshire and part of West SussejE. 6s.
'12 Part of Hants and Berks. 6s.

'13 Part of Berks and Oxon. 6s.

14 Devizes, Middle Wiltshire. 8s.

15 Salisbury, East Dorset, South Wilts, West Hants,
16 Poole, South East of Dorset. 6s.

17 South West of Dorset. 6s.

18 Northern half of Dorset, and SE. part of Somerset. 6s.

19 Half of Somerset, and part of West Wilts. 6s.

20 West Somerset and part of South Glamorgan. 6s.

21 SW.Somerset.NE. Devon, and part of West Dorset. 6
22 Part of SB. Devon. 6s. .

23 Devon between Torbay and Start Point. Ss.
24 Part of South Devon and of Cornwall. 3s.

25 SW. Devon and East Cornwall. 6s.

26 West Devon and NB. Cornwall. 6s.
87 Part of North Devon. 3s.

38 Lundy Island. 3s.

29 The North of Cornwall. 8s.

30 Part of Cornwall. 6s.

31 Part of Cornwall. 6s.

32 Part of Cornwall. 3s.

33 Part of Cornwall. 6s.

•34 Part of Wilts, Glouoestershhre, Berks. 6s.

35 Western Gloucester. 6s.

36 West Glamorgan, and Monmouth, East. 6s.

37 West Glamorgan and South Carmarthen, 6s.

38 South Pembroke. 8s.

39 Small's Light, Pembroke. Ss.

40 North Pembroke and West Carmarthen. 6s.

41 Most of Carmarthen. 6s.

42 NW. WestBrecknockandpartofEastCarmarthen.
42 NE, Part of East Brecknock and West Hereford.
42 SW. SW. of Brecknock, part of North Glamorgan.
42 SE. NE. of Glamorgan and Monmouth OoaMeld.
43 NW. Hereford.
43 NE. Great Malvern.
43 SW. The West of Dean Porest Coalfield.

^ SE. The greater part of Dean Forest Coalfield.
•44 Cheltenham, East Gloucestershire. 6s.
•45 SW. Part of Oxfordshhre (Woodstock).
45 NW. Banbury.
46NE. r •

, Buckingham and Brackley.
45 SE. Bicester.

46 NW. Newport Pagnell, and Wobum.'
46 SW. Leighton Buzzard and Tring.

52 SW. Northampton and Olney.
•53 NW. Part of Warwickshire—-Coventry.
63 SW. Southam. Part of Warwickshire.
•63 SE. Northampton.
•53 NE. Part of Northamptonshire and Warwickshire.
54 SW. Part of Worcestershire.
•64 N E. Part of Warwickshire.
•64 NW. Part of Worcestershire.

64 SEi Part of Warwickahire.
•55 N E. Part of Shropshire and Worcestershire.

65 NW. Fart of Hereford, Worcester, and Shropshire,

66 SW. Part of Hereford.
•55 SE. Part of Hereford and Worcester.

66 NW. Part of Brecon, Cardigan, Biulnor,andMantgomery.
66 NE. Partof Radnor, Montgomery and Shropshire,

56 SW. Fart of Hadnor, Brecon, and Carmarthen.
""

3E. PartofBadnorandHoreford.

57 NW. Fart of Cardiganshire.
57 N E. Part of Cardiganshire.
57 SW. Part of Cardiganshire.
57 SE. Part of Cardi^ushire, including Lampeter.
58 Part of the Coast of Cardiganshire (Cardigan). 3s.
69 NW. Sea.
69 NE. Partof Cardigan,Montgomery, and Merioneth.
69 SW. Sea (No Geological Colouring). 6d.
59 SE. The North of Cardiganshire.
60 NW. Part of Montgomery and Merioneth.
60 NE. Part of Montgomeiy and Shropshire.
60 SW. Part of Cardigan, Montgomery, and Shropshire.
60 SE. Partof Montgomery, B,aduor, and Shropshire.
61 NW. Part of Shropshire.
61 NE. Part of Shropshire and Staffordshire.
61 SW. Part of Shropshh-e.
61 SE. Part of Shropshire.
•62 N E. Lichfield, part of StaSbrdshire.
*62 SE. Birmingham, part of Warwickshire.
*62 SW. Partof Staffordshire, including the Coalfield.
*62 NW. Part of Stafi'ordshire, includiiig the Coalfield.
'63 NW. Ashby-de-la-Zouch, part of Leicestershire.
63 NE. Leicester.
*63 SW. Hinckley, partofLeioestershire and Warwickshire.
*63 SE. Part of Leicester, Warwick, and Northamptonshire.
•71 NE. Nottingham.
71 NW. Nottingham, part of Derbyshire.
'71 SW. Derby.
71 SE. Part of Nottinghamshire.
72 NW. Hanley. Part of Stafi'ordshire.

72 NE. Part of North Staffordshh« and ofSW. Derbyshire.
72 SW. Central Part of Stafi'ordshire.
*72 SE. Part of Sf;afrord3hire and SW. Derbyshire.
'73 NW. Part of Cheshire.
73 SW. Part of Shropshire.
73 SE. Part of Shropshire and Staffordshire.

73 NE. Crewe.
74 NW. Part ofDenbighJUerloneth, and Caernarvon.
74 NE. Part of Denbign, Flint, Shropshire, and Merioneth.
74 SW. Partof Montgomery, Denbigh, and Merioneth,
74 SE. PartofShropshire,Montgomeiy,andDenbigh.
75 NW. Part of Caernarvon.
76 N E. Part of Caernarvon, Merioneth, and Denbigh.
75 SW. Part of Caernarvon.
75 SE. Part of Merioneth.
76 N. Pai't of Caernarvon.
76 S. Part of Caernarvon.
77 N. Part of Holyhead Island,
78 NW. N. part of Anglesea, and part of Holyhead Island.
78 NE. B. corner of Anglesea.
78 SW. S. of Holyhead Island and of Anglesea.
78 SE. Part of Anglesea on Menai Straits.

79 NW. Partof Flint, Denbigh, and Caernarvon.
79 N E. Part of Flint, Cheshire, and Lancashire.
79 SW. Part of Flint, Caeimarvon, and Denbighshire.
79 SE. Fart of Cheshire, Flint, and Denbigh.
*80 NE. Altrinoham.
80 SE. Northvrich.
80 SW. Chester, part of Cheshire.
80 NW. Part of Cheshire and Lancashire. -

*81 NE. Partof Derbyshii-e and ofW.E. Yorkshire.
81 SE. Part of Derbyshire and of N. Stafi'ordshire.
'82 NE. Worksop.
82 NW. Chesterfield, part of Derbyshire.
•82 SE. Mansfield.
82 SW. Chesterfield, part of Derbyshire.
87 NE. Snaith.
87 SE. Doncaster.
88 SW. Oldham and Manchester.
•89 SW. Wigan.56

N.B.—An Index to the Colours and Signs employed on the Geological Survey, price Ss.

The price of the Quarter Sheets is now uniformly 2s. 6d., except 57 NW. 76 N. and 77 N.E.. which are U.
• Those thus marked have Descriptive Memoirsio accompany them.

SCOTLAND—Map, 32 (EDiiTEUEQn) ; 33 (Habdihgiok) ; 34 (Beewick) : 41 (FlTE). Ss. each. 1 inch to a mile.

EDINBUEGHSHIEE—3, 7, 14. 3s. each. 8, 13, 18, 19. 6 inches to 1 mile. 6s. each.

HADDINGTONSHIBE—9, 14. 6s. each. 8. Ss. 6 inches to 1 mile.

FIPBSHIRE—8 inches to 1 mUe. 24, 25, 31. 32, 33, and 37.

LANCASHIEE -83, to 88, 98, to 96, 100. to 104, 1C6. to 103, and 113. 6 inches to 1 mile. 6s. each.
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BOBIZOITTAXi SBCTIOITS,

Hhiatrative of the Survey's Geological Mapt.

These Sections are drawn to a scale of six inches to^a mile, horizontally and vertically, and describe
^J^^^\.^^^'^};'j^^

of the Country over which they are drawn. Descriptions are engraved on each plate, thus rendering each Section a concK

Hoport on the district it traverses. The size of each plate is S ft. 3 m. by 2 ft. 3 in. They are engraved on Copper by Mr. liOWi^

aiio coloured in accordance with the Maps. Sheets 1 to 68, price is. eacli.

VERTICAL SECTZOirS,

Illustrative ofthe Horizontal Sections and Maps cfthe Geological Survey.

These Sections are arranged, in the form of Vertical Columns, to> a scale of 40 ft. to an inch, and illustrate such details

it is Impossible to give in the Horizontal Sections above described. In the Coal Measure Sections, for instance, the 1 hlcKUE

of each Bed of Coal, the Mineral Structure and Thickness of the Strata with which they are associated, and the land ai

amount of Ironstone, are given in the greatest detail. Sheets 1 to 28, price 3s. ed. each Sheet.

MAPS OF IRELAND;

(On the one-inch scale.)

Nos. 100, to 102, 110, to 112, 114, 119, to 123, 125, to 205. Price 2». Bd. Except 150, 170, 180, 181, 189, 190, 196,

197, 202, 203, 204, 205. Price 1». Memoirs accompany most of these sheets. Price ad. each.

Horizontal Sections, 1 to 16. Ss.each. Tertical Section, 1. Ss.td.

memoirs of the Geological Survey and of tlie BXaseuiu of Practical ecology.

EEPOKT on CORNWALL, DEVON, and WEST SOMEESET. By Sir H. T. Db La Bechb, P.R.8., &c. 8vo. Us.

FIGITRES and DESCRIPTIONS of the PALEOZOIC FOSSILS m the above Counties. By Peopebbob Philupb, F.B.I

8vo. (Out of print.)

THE MEMOIRS ofthe GEOLOGICAL SITRVET ofGREAT BRITAIN, and of the MUSEUM ofECONOMIC GBOLOG
of LONDON. 8vo.Vol.L21».i Vol.n. (in2Parts),42». ,,i

BRITISH ORGANIC REMAINS. Decades L to X., with 10 Plates each. MoBOOBAPH No. ] . On the Genus Ptei^ptu
By Phopessoe Huxlet, F.R.S., and J. Vf. Samee, F.G.S. Royal 4to. is. 6d. : or royal 8vo. is. 6d. each Decade. ;

aECORDS of the SCHOOL OP MINES and of SCIENCE applied to the ARTS. Vol.1., in four Parts.

CATALOGUE of SPECIMENS in the Museum of Practical Geology, illustrative of the Composition and Manufactui

of British Pottery and Porcelain. By Sir Heitbt be la Beche, and Tebkbaji Reekb, Curator. 8vo. IS

Woodcuts. Price 1». (Out ofPrint.)
A DESCRIPTIVE GUIDE to the MUSEUM of PRACTICAL GEOLOGY, with Notices of the GeologicalSurvey of tl

United Kingdom, the School of Mines, and the Mining Record Office. By Robeet Hxtkt, r.R.S. Price 6d. (2r

Edition.)

A DESCRIPTIVE CATALOGUE of the EOCK SPECIMENS in the MUSEUM of PRACTICAL GEOLOGT. E
A. C. Rambat, P.R.S., Local Director, H. W. Bbistow, F.E.S., H. BAUEEMAif, and A. Geieje, P.G.&. Pnce 1.

(Srd Edition.)

CATALOGUE OP THE CONTENTS OP THE MINING RECORD OFFICE. Price Sd.

MINERAL STATISTICS for 1858-1854,1866,1858,1857, 1858, 1869, embracing the produce of Tin, Copper, Lead, Silver, Iroi

Coals,and other Minerals. By Boeeet Htjmt, F.R.S., Keeper of Mining Records. Price 1*. ed. each. 1860. Price 3«d 84
1861. 2s. Appendix, 1«. 1862. Zs.Bd.

The IRON ORES of GREAT BRITAIN. Part I. The IRON ORES of the North and North Midland Counties of England
(Oui<ifprint.) Part IL The IRON ORES of South Staffordshire. Price Is. Part III. The IRON ORES of Soutl
Wales. Price 1». 3d. Part IV. The IRON ORBS of the Shropshire Coal Field and ofJNorth Staffordshire. Is. Sd.

^

On the TERTIARY FLUVIO-MARINE FORMATION of the ISLE of VTIGHT. By Ed-WAED Foeeeb, F.R.S. Illuf

trated with a Map and Plates of Fossils, Sections, &c. Price Bs.

On the GEOLOGY of the COUNTRY around CHELTENHAM. Illustrating Sheet 44 by Edwaed Huh. A3..F.G.S
Price 2s. ad.

On the GEOLOGY of PARTS of WILTSHIRE and GLOUCESTERSHIRE (Sheet S4). By A. C. Eambat. F. E. Si

F.G.S., W. T. AVELINE, P.G.S., and Edwaed Hum., BA., F.G.S. Price Sd.

On the GEOLOGY of the SOUTH STAFFORDSHIRE COAL-FIELD. By J. Eeeie Juzbb, MJ., F.E.S, (2n(

Edition.) 8s, ed.

On the GEOLOGY of the WARWICKSHIRE COAL-FIELD. By H. H. HowElx, F.G.S. Is.Bd.

On the GEOLOGY of the COUNTRY around WOODSTOCK. Dlustrating Sheet 46 S.W. By B. Hcix, A3., F.G.S
Price Is.

(jn the GEOLOGY of the COUNTRY around PEESCOT, LANCASHIRE. By Edwabd Huli, A.B., F.G.S. Illua

trating Quarter Sheet, No. 80 N.W. Price Sd. •

On the GEOLOGY of PART of LEICESTERSHIRE, By W. TALBOT Atblihb, F.G.S., and H. H. Howell, 1!.©^
Illustrating Quarter Sheet, No. 63 SJi. Price 8d. '''

i'

On the GEOLOGY of PART of NORTHAMPTONSHIRE. Illustrating Sheet 53 S.B. By W. T. AteliHb, F.G.S., a^

'

RlCHAED Teencd, B.A., F.G.S. Price Sd. ' •

On the GEOLOGY of the ASHBY-DE-LA-ZOUCH COAL-FIELD. By Edwaed Hvix, A3., F.G.S. Dlustrating Shccti

63 N.W. and 71 S.W. Is. 6d.

On the GEOLOGY of PARTS of OXFOBDSHIEE and BERKSHIRE. By E. Hull, A3., and W. Whitakeb, B.A!
Illustrating Sheet IS. Price 8s.

Ou the GEOLOGY of PARTS of NORTHAMPTONSHIEB and WARWICKSHIRE, By W.T. Atelibe, F.G.S
Illustrating Quarter Sheet 63 N.E. 8(2.

On the GEOLOGY of the COUNTRY around WIGAN. By Edwaed Hull, A.B., F.G.S. Illustrating Sheet 89 S.W. on
the One-inch Scale, and Sheets 84, SB, 92, 93, 100, 101 on the Six-inch Scale, Lancashire, (2nd Edition.) Price Is.

On the GEOLOGY of TRINIDAD (West Indian Surveys). By G. P. Wall and J. 6. Sawkihs, F.G.S., with Maps and
Sections. 12s.

,

COUNTRY aroiuid ALTRINCHAM, CHESHIRE. Illustrating 80 N.E. Trice Sd.

GEOLOGY of PAETS of NOTTINGHAMSHIEE and DERBYSHIRE. Illustrating 82 S.E. Price Sd.

COUNTRY around NOTTINGHAM. Illustrating 71 N.B. Price Sd.

The GEOLOGY of PARTS of NOTTINGHAMSHIRE, YORKSHIRE, and DERBYSHIRE. Illustrating Sheet 82 N.B.,
By W.'TAlBOTATELilfE, F.G.S. Price 8(i.

The GEOLOGY of SOUTH BERKSHIRE and NOETH HAMPSHIRE. Illustrating Sheet 12. By W. T. Atblinb,
H. W. Beibiow, F. Deew, and W. Whitaklee. Price 3s.

The GEOLOGY of the ISLE OF WIGHT, firom theWEALDEN FORMATION to the HEMPSTEAD BEDS inclusive,
with numerous Illustrations, and a List of the Fossils found in the Island. Illustrating Sheet 10. By H.W. Bsisrow

,

F.E.S. Price 6s.

Tho GEOLOGY of EDINBURGH. Illustrating Sheet 32 (Scotland). Price 4s. By H. H.Howell and A. Geikis.

The GEOLOGY of the COUNTRY around BOLTON, LANCASHIRE. Illustrating Sheet 89 S.E. Price 2».

The GEOLOGY of BERWICK. Illustrating Sheet 34 Scotland, linch. ByA. Geikie. Price 2s.

The GEOLOGY of tho COUNTRY around OLDHAM, Ulustratlne SR sw "d--^ »-
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