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Your Committee, in this their Eighth Annual Report, have the 
satisfaction of being able once more to speak favourably of the 
position and prospects of the North Staffordshire Naturalists' Field 
Club. There is again an increase in the number of Members, which 
though not so great as it has been for several years, yet probably is 
sufficient for the best interests of the Club. Most of the Excursions 
were well attended, but the Evening Meetings have been, as is 
usually the case, the most successful in gathering the Members 
together—no doubt because in this busy locality, the evenings are 
more at their disposal—but few, comparatively, being able to give 
up as much time as the Summer Excursions demand. 

During the past year there have been no less than eight Excur
sions, one more than usual, and three Evening Meetings. The 
former were to 

1. Gawsworth and Marton, on Saturday, April 20. 
2. Trentham, on Tuesday, May 7th. 
3. Colwyn and Little Orme's Head, on Thursday, May 23. 
4. Boscobel, Whiteladies and Tong Church, on Friday, Juno 21. 
5. Lilleshall Abbey, on Thursday, July 18. 
6. Swithamley, on Tuesday, August 20. 
7. Battlefield Church and Haughmond Abbey, on Friday, 

September 20. 
8. Ashby-de-la-Zouch, on Saturday, October 19. 
The first Excursion to Gawsworth and Marton, proved a most 

interesting one ; in each case the Church was the chief attraction, 
although Gawsworth in particular had several other points of 
interest, not the least being the ancient tilting ground, of very 
considerable extent, surrounded by a grand old brick wall. The 
Church, which is of the perpendicular period, has a considerable 
resemblance to a College Chapel; it is remarkable for its fine tower 
and old monuments—these latter are in very excellent preserva
tion and are chiefly to the memory of members of the Fitton family, 
who inherited the manor through an Heiress from the Orreby's, 
temp. Edward 1. Some of the inscriptions on these monuments 
are not a little quaint. The Rectory and old Hall, both ancient 
half timbered houses, are interesting. The village is divided by a 
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I.—That a Club be formed under the title of " T H E NORTH 

STAFFORDSHIRE NATURALISTS' FIELD C L U B ; " having for its object 
the practical study of Natural History in all its branches. 

II.—That the Officers of the Club be a president, two or more 
Vice-Presidents, a Treasurer, a Secretary, Local Secretaries and 
Treasurers, and a Committee of Ten Members, three to form a 
quorum. 

III.—That an Annual Meeting be held, not later than the month 
of March in each year, for the purpose of electing Officers for the 
ensuing year, selecting the places for Field Meetings, and transacting 
any other business which may be brought before it. 

IV.—That five or more Field Meetings be held during the year 
in suitable localities ; and that timely notice of each be given to the 
Members by a circular. 

V.—That Evening Meetings be held during the Winter months, 
at such time and place as the Committee may appoint, for the 
exhibition of specimens, and the communication or discussion of 
any subjects connected with the objects of the Club. 

VI.—That Candidates for Membership shall be proposed and 
seconded in writing at any Meeting of the Club, and shall be elected 
at the next Meeting by a majority of votes of the Members present. 

VII.—That a Subscription of Five Shillings yearly shall be paid 
by the Members, due on March 1st in each year. 

VIII.—That the Committee may recommend as Honorary Mem
bers, Ladies or Gentlemen distinguished for their attainments in 
Natural History, who have in any way contributed to advance the 
interests of the Club. 

IX.—That, after providing for the payment of all incidental 
expenses, the Funds shall be applied to the purchase of Books, 
Journals, &c., or in any other way the Committee may think likely 
to advance the interests of the Club. 

X.—That the Papers which are read in the Society be published 
either in the Reports or in the Scientific Journals, and also abstracts 
of the same in the public Papers. 

XL—That the Committee have power to make Rules for the 
circulation among the Members of Books belonging to the Club. 

XI I .—No Rules of the Club shall be altered, except at a General 
Meeting called for the purpose, notice of which must be given at 
a previous Monthly Meeting. 

RULES. 
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The rocks which constitute what is termed the earth's crust are 
conveniently grouped into two great classes, those formed in or by 
the agency of water, and those of igneous or volcanic origin. It is 
beyond the province of the present address to treat of those great 
rocks which are the result of subterranean heat, such as basalt, trap 
and the various kinds of lava, or of the great mountain masses of 
metamorphic sedimentary rock, which have been so altered by the 
effects of igneous power and proximity as to have lost nearly all 
trace of their aqueous origin, such as the gneissic, quartzite and 
schistose rocks. Rocks of the first mentioned class, those of 
aqueous or watery origin may also be subdivided into two classes, 
those which are of sedimentary origin, and those which have been 
formed in the deeper waters, mainly out of the reach of sedimentary 
matter. Sir Charles Lyell divides them into mechanical and 
chemical deposits. The sedimentary rocks are those which are 
composed of the detritus, waste or wash, more or less worn of 
previously formed rocks ; they are mere sediments formed into 
beds or strata by moving water carrying in suspension fragmentary 
matter more or less comminuted, and which by the simple force 
of gravitation, have settled to the bottom as soon as the stream or 
current became still and deep enough. 

Such are the great sandstone rocks of England, well represented 
in the Millstone Grit series, and in the great Triassic beds which 
cover such large areas in Cheshire and the Midland Counties, and 
known more familiarly by the name of New Red Sandstone. The 
process of formation of sedimentary rocks is well described by 
Professor Eamsay, who writes " Suppose a river flowing into the 
sea, it carries sediment in suspension, and a layer will fall over 
part of the sea-bottom, the coarser and heavier particles near the 
shore, while the finer and lighter matter will often be carried out 
by the current and deposited further off. Then another layer of 
sediment may be deposited on the top, and another, and another, 
until, in the course of time, a vast accumulation of strata may 
be formed. In this manner deltas are formed, and wide bays and 
arms of the sea have been thus filled up. As they fill, the marshes 
spread further and further, and, by overflows of the river bearing 
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sediment rise higher and higher, till, as in cases like those of the 
Ganges and the Nile, kingdoms have been formed of mere loose 
detritus." Physical Geology and Geography of Great Britain, p. 4. 

To show how great sedimentary rock masses and areas can be 
formed by what is carried into the sea by rivers, I will diverge for 
a minute to quote an interesting passage in Mr. Jukes's Manual of 
Geology. At page 401 he writes—"The total mineral matter 
carried down by the Ganges into the sea, according to Everest is 
6,368,077,440 cubic feet per annum. Lyell calculates that for the 
transport of this quantity, it would require a fleet of 2000 India-
men, each of 1400 tons, to start every day throughout the year. 
Such a mass of matter would cover a square space fifteen miles in 
the side every year with mud a foot deep, or would raise the whole 
surface of Ireland one foot in the space of 144 years. The Mississ
ippi, according to the measurements of Messrs. Humphreys and 
Abbott, conveys every day into the Gulf of Mexico 53,424,657,534 
cubic feet of sediment." These deposits by the cementing power 
of oxide of iron, silica, great and long continued pressure, accom
panied sometimes by heat have become hardened into rocks of 
various degrees of consistency, and in the case of the Pennine 
Chain, now that the sea has been driven back, and the strata 
upheaved by subterranean force or lateral shrinkage, form the grand 
and rugged backbone of the northern half of England. 

But it is not on this description of rock that I would further 
dwell, but on that other class, which is represented by the vast 
accumulation of what is called limestone, an inquiry into which 
is the object of my address, with a view to consider and examine 
those methods by which it is said to have been formed into its 
present condition. 

Eirst, permit me to describe to you to what geologic epochs the 
various limestones belong, with passing reference also to the 
physical geology and geography of this most interesting substance. 
Limestone of one kind or other is a constant corollary to each 
geological formation and epoch. It is consequently found in the 
oldest rocks which show any signs of stratification. The most 
ancient rocks in which we have evidence of stratification are the 
Laurentian Group, so called from the Canadian Geological surveyors, 
having found northwards of the river St. Lawrence, " a vast series 
of crystalline rocks of gneiss, mica-schist, quartzite, and limestone, 
more than 30,000 feet in thickness, which have been called 
Laurentian, and which are already known to occupy an area of 
about 200,000 square miles." Lyell's Student's Elements, p. 
475. In these are several limestones, one of them from 700 to 
1500 feet thick. 
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The most ancient life which the earth possessed has been traced 
to this limestone. In it has been found that peculiar organism 
called Eozoon Canadense, which having played an important part 
in the earliest history of the globe, by building up whole reefs of 
limestone rock, is a pertinent subject to the present enquiry, and I 
cannot do better than read Sir Charles Lyell's description of it. 
At page 475 of his Student's Elements, he writes, " I n the most 
massive of these Laurentian limestones Sir W. Logan observed 
in 1859, what he considered to be an organic body much resembling 
the Silurian fossil called Stromatopora rugosa. It had been obtained 
the year before by Mr. McCulloch, at the Grand Calumet on the 
river Ottawa. This fossil was examined in 1864, by Dr. Dawson 
of Montreal, who detected in it, by aid of the microscope, the 
distinct structure of a Ehizopod or Foraminifer. Dr. Carpenter 
and Professor T. Eupert Jones, have since confirmed this opinion, 
comparing the structure to that of the well known nummulite. It 
appears to have grown one layer over another, and to have formed 
reefs of limestone as do the living coral building polyp animals. 
Parts of the original skeleton, consisting of carbonate of lime, are 
still preserved; while certain interspaces in the calcareous fossil 
have been filled up with serpentine and white augite. On this 
oldest of known organic remains, Dr. Dawson has conferred the 
name of Eozoon Canadense. 

The next system is the Cambrian, which, although containing 
fossils which were but a short time ago believed to represent the 
oldest life forms, or primordial types, has but little limestone. It 
is not of more interest to my enquiry than to note that it contains, 
in the Huronian Series an zmfossilliferous limestone 300 feet thick. 

The Silurian system, so named by the late Sir Eoderick Murchison, 
is next in order, and it is in it that we first realize how vast a part 
in nature is played by Lime, or to speak more strictly Calcium, 
which is the chemical name for that elementry substance of which 
lime is an oxide. This Silurian system is well developed in Wales 
and Shropshire. It took its name from an old British tribe the 
Silures,—Jukes' Manuel of Geology, p. 530—who inhabited part of 
South Wales. The thickness of the various beds in this formation 
is estimated at about 6000 feet. Its characteristic fossils are 
Trilobites, which are found in great number in some of the beds 
of the Dudley, Wenlock and Ludlow groups. I am indebted to 
my friend Mr. Hollier, of Dudley, who is an authority of high 
repute on Silurian fossils, for some beautiful specimens of Trilo
bites, kindly sent for this meeting. On one slab may be counted 
no less than 28 portions of Trilobites, besides many other organisms 
crowded in wild profusion, and in the stillness of death together. 
He has also sent the series of Siluria limestones that lie on the table, 
they show the variations of the rock and its accompaning shale, 
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There are about 500 species of fossil shells and organisms in the 
Ludlow group in which Actinozoa, Brachiopoda, Echinodermata 
and Crustacea abound, as well as the remains of fishes. It is in this 
formation that the oldest known fishes have been found in shale 
below the Aymestry limestone. Thus from this period of Geological 
chronology we become acquainted with the existence of fishes. 
From the specimens on the table it will be seen that Silurian 
limestones are of a dark grey color, more or less argillaceous or 
clayey, and interstratified with grey shales. The rock is often 
subcrsytalline, and contains in veins fine well formed crystals of 
Carbonate of Lime. 

In ascending in the order of time from the Silurian epoch, we 
come to that of the Devonian, or Old Eed Sandstone. The study of 
this system immortallized the name of the lamented Hugh Miller. 
This period is doubly interesting as bringing to light the existence 
of the earliest known insects. Eour species of the order Neuroptera 
have been found. One species of the genus Ephemera, of which 
the Ephemera Vulgator, or Green and Grey Drake flies of our rivers 
in June are examples, so useful in trout fishing, and so esteemed 
by anglers, among whom is my esteemed friend Mr. Ward, who 
does not wholly confine his piscatorial studies to pakeontological 
times, I say one species found in Devonian rocks, measured 5 inches 
in expanse of wing. I do not know how this fact agrees with the 
developement theory of Mr. Darwin, but I think the appearance in 
Dove Dale of a Green or Grey Drake fly measuring 5 inches across 
the wings, some fine afternoon in June, would astonish not a little 
both trout and Piscator. Dr. Dawson remarks that in one^type there 
is the stridulating or musical apparatus like that of the cricket, and 
that in this structure we are introduced to " the sounds of the Devo
nian woods bringing before our imagination the trill and hum of insect 
life that enlivened the solitude of these strange old forests." Lyell's 
Student's Elements, p. 440. The limestones of the Devonian period 
are considerably developed in Devonshire, at Plymouth, Devonport, 
and Ilfracombe, along with the old red sandstones. There are 
about 40 distinctive species of fossils which characterize this lime
stone of which may be mentioned, Stringocephalus, Megalodon, 
Bronteus, Calceola, Cyathophyllum. There are 51 species of corals 
enumerated by Mr. Etheridge, none of which are known to have 
survived Devonian times. A specimen of coral of this age lies on 
the table. This profusion of corals may well be a strong argument 
of those who hold that limestones mainly owe their origin to the 
agency of coral reef builders. 

I now come to the Carboniferous system, and to the limestone 
to be found in it. At the base of the coal measures in Mid-England, 
and separated from them only by millstone grit and Yoredale rocks, 
occurs the Carboniferous or Mountain Limestone. Its thickness is 
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greatest in North Staffordshire, and is more than 4000 feet. Its 
base has not yet been seen as the formation happens to make the 
centre of an anticlinal fold or upheaval, and it has not been broken 
through. It soon dips beneath the shales and grits on each side of 
the fold. This limestone occurs in regularly stratified beds, some 
of them many feet in thickness. It is very hard and compact, 
generally subcrystalline, and of a lighter grey color than the 
Silurian limestone. In some places it is almost wholly composed of 
fossils, chiefly Crinoids, Brachiopoda and Conchifera. The 
Crinoidal portions when polished, furnish the fossilliferous marble 
so much used for mantle-pieces, columns and other ornamentation. 
The upper beds of this limestone are characterized by being more 
or less Cherty or Siliceous. A specimen is on the table. 

At Ashford, near Bakewell, much of the limestone is black, and 
forms the black marble used for vases and slabs, in which the most 
beautiful inlaying is done, and which adorns the Spar and Marble 
shops of Buxton. Mr. Woodruffe, of that town, is an artist of high 
skill in designing and inlaying, and his show room is well worth visit
ing, when the Club meets there in June for its two days excursion. 
We may well feel proud that we have such a fine representation of 
the mountain limestone formation, in the charming scenery through 
which the rivers Hamps, Dove and Manyfold flow, with their cliffs 
and tors, with their interesting caverns and subterranean river 
courses, all of which adorn the northern part of our County, and 
are within such easy reach of this smoky and toiling district. 
And proud also may we justly feel that the labours of a quiet and 
humble observer of this limestone, and one who was well known 
to most of us, have borne such interesting fruit. The late Samuel 
Carrington, of Wetton, in the course of a patient working, extend
ing over a series of years, brought to light no fewer than 676 species 
of limestone fossils, exclusive of varieties and many unnamed 
specimens. A list of these fossils was printed for the Leek meeting 
of the Club in 1870. It is intended by some of the Members of 
this Club, assisted by a few other friends, to perpetuate his memory 
by the erection, in the summer, of a suitable monumental tomb 
over his remains in Wetton Church yard. About £10 more only 
are required to complete the necessary amount, and I, as Treasurer, 
should be glad to receive additional subscriptions to that amount. 
May I be permitted to say for the encouragement of our young 
members, that Mr. Carrington's example and success may well 
exert very stimulating influence on those who can, like him, devote 
their Saturday afternoons and holidays, (for he was a Schoolmaster 
and enjoyed his Saturdays which always found him abroad in the 
best senses of the word), to the study of the fossils which abound 
in the limestone of North Staffordshire. As a further stimulus, I 
may mention that I know of no department of Staffordshire fossils 
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which would so well repay the collector as that of the Corals. But 
little has been done to collect and classify then, and what we 
don't know of them would fill a large book. 

The Conchiferous shells of the province Lamellibranchiata have 
as yet met with but little attention. They abound in our limestone 
district, and will amply repay any student who takes up this 
branch as a speciality. The same may also be said of the Gastero-
opoda, Polyzoa and Actinozoa. The Brachiopodous shells have been 
well worked and arranged, the species amount to about 120. 

Pound the base of the Caldon Low mass of limestone, and resting 
against its sides, is a very curious deposit of arenaceous marl or 
clayey sand. It is well worth visiting. It is in some parts largely 
mixed with decomposed siliceous pebbles. Except in color it 
resembles the Bunter sands and pebble beds. It is mainly beauti
fully white, with streaks of yellowish aluminous clay, but here and 
there it is red. It is said to make fire bricks quite equal to Stour
bridge clay, and it has lately begun to be excavated for that purpose. 
It appears to me to be of Triassic age, and seems to have been acted 
upon by its proximity to the limestone. There are other deposits 
of it in this limestone district. 

The Permian system which succeeded the Carboniferous is that 
in which was formed Magnesian Limestone or Dolomite. This 
singular product is largely developed in the North of England, 
especially in Durham and Yorkshire. York Minster and the 
Houses of Parliament are built of it. The Permian system is the 
youngest member of the Primary or Palaeozoic group and its fossils, 
are closely akin to those of the Carboniferous times. " It forms," 
says Professor Eamsay, " a narrow and marked strip on the east of 
the coal measures from Northumberland to Nottinghamshire, where 
it chiefly consists of a long low flat topped terrace of Magnesian 
limestone, interstratined with two or three thin beds of red marl, 
sometimes containing gypsum. The scraped edge of this limestone, 
which is sparsely fossiliferous, faces west, and overlooks the lower 
undulatious of the coal measure area. Before the end of this 
Palaeozoic epoch, the Permian beds were deposited in great inland 
salt lakes analogous to the Caspian Sea, and other salt lakes in 
Central Asia, at the present day. That area gives the best modern 
idea of the state of much of the world during Permian times." 
Physical Geology and Geology, p. 81. The limestone of this period 
in the North consists of two beds, one of thin bedded grey lime
stone, 80 feet thick, and the other of magnesian limestone, 500 feet 
thick. The characteristic fossils consist of about 24 species, accord
ing to Professor King, and are comprised in seven families, of 
which may be mentioned Polyzoa. Brachiopoda, Conchifera and 
Gasteropoda. The prevailing color of this limestone is yellowish. 
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I have now completed my description of the Physical Geology of 
the Primary or Pakeozoic limestones, and come to the Mesozoic or 
Secondary, the first of which occurs on the Continent in the Triassic 
"beds, but not here, and is known by the name Muschelkalk, so 
named from the shells it contains. Its thickness is nearly 600 feet. 

The next formation is one in which limestone plays an important 
part. It is called the Jurassic or Oolitic system. Jurassic, from the 
Jura mountains where its limestones are grandly developed, and 
Oolitic from the peculiarity of some of its limestones, being formed 
of granulated particles of an egg shaped form, or like the roe of 
fishes. Bath and Caen stones represent this structure. The thick
ness and number of beds of limestone, in this formation, are very 
considerable. Fossils abound in them from the great Saurian 
reptiles of Lyme Regis and Barrow, to the beautiful forms of the 
lily Encrinite. Specimens of Liassic limestones and fossils lie on 
table. The Lias limestones are dark colored and earthy, they form, 
when burnt, what is called water lime, which has the property, 
when made into mortar, of hardening under water. Bath and Caen 
stone occur in this formation, and are extensively used in carving 
and internal architectural decoration. They are so soft as to be 
easily sawn, but harden considerably on exposure. 

From the Jurassic we ascend into the Cretaceous or Chalk 
formation. This is the uppermost or newest member of the Second
ary system. The appearance of chalk is too well known to need 
description. It is a limestone like the others save in appearance. 
It is divided into chalk without flints, 600 feet in thickness, and 
chalk with flints upwards of 1000 feet thick, and Maestricht or 
Pisolitic chalk and Faroe beds 100 feet thick in which are the 
extensive and celebrated caverns at Maestricht in Holland. Chalk 
is most extensively developed in England, and covers more ground 
than all the other limestones put together. From Elamborough 
Head, in Yorkshire, it extends to the south east coast, and as far 
westward as Sidmouth, being sometimes covered by Tertiary rocks. 
The fossils are very numerous, 70 species being characteristic of it. 
When a piece of chalk is carefully rubbed to powder in water, and 
the lighter particles poured of, a great number of beautiful forms 
are revealed by the microscope. They consist of Foraminiferae 
called Globigerina, sponge spicules, &c. There is an interesting 
slide of them under the microscopes. 

The close of the chalk period marks the end of the Geological 
division of the secondary epoch and the advent of Tertiary, the 
lowest member of which is the Eocene group. It was in this period 
that another grand limestone deposition took place, which extended 
from the Alps to the Himalayas. It is often found several thousands 
of feet in thickness, and consists of myriads of a characteristic 
framinefera called nummulite, from their resemblance to a coin. 
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The nummulite resembles in form and size a worn sixpence, al
though much more convex. Under the microscope it is revealed as 
a many chambered shell of complex organization. This extent of 
nummulitic limestone is almost amazing, a band of it often 1800 
miles in breath, extends from the Alps to China. The Pyramids 
are built of it. It forms some of the highest mountain ranges of 
the Alps and Pyrenees. It is found 10,000 feet high on the Alps, 
and forms the summits of the Dent du Midi and Diableretz, whilst 
in the Himalayan mountains it has been recognized by Dr. Thomp
son, 16,500 feet above the sea. Nor is the profusion of its traces 
of life less amazing. It may be safely said that much of it is 
almost entirely made up of nummulites. There is a good though 
small specimen on the table which shows the nummulitic form very 
well, and there is also a slide under the microscope showing the 
structure. 

Whilst this immense area of comparatively recent limestone was 
being formed, what was the condition of those extensive portions 
of the continent of Europe, Asia, and Africa, at that time 1 The 
nummulites were marine and lived and died in the sea, consequently 
the sea was moving over a flat expanse of the earth's surface which 
is now marked by the great mountain ranges of the Alps, Pyrenees, 
Carpathian and Himalayas. Sir C. Lyell says these mountains 
could have had no existence till after the middle Eocene period, 
the antiquity of which is, as I have just stated, but trifling when 
compared to that of Siluran or Carboniferous age. " How com
paratively modern then," observes Sir C. Lyell, " is the date to 
which some of the greatest revolutions in the Physical Geography 
of Europe, Asia and North Africa must be referred." 

It is said that ordinary limestone intensely heated in closed 
vessels, assumes the crystalline form. This must of course be with
out access of air, and under circumstances which prevent the escape 
of carbonic acid. The saccharoid, white crystalline, or statuary 
marble of Italy is said to be the result of this action. 

Between this middle Eocene period and the present, there have 
been formed, as far as we at present know, no -limestones of like 
magnitude. They may be briefly enumerated as follows:—the 
Bembridge series of limestones, some of which were formed in fresh 
and brackish water, because they contain fresh water fossils. They 
are of upper Eocene date. The Sicilian limestones are of Pliocene 
age, they cover half the island of Sicily. These bring us to lime
stones of the recent or human period, and as I before stated, each 
great period had it limestones, the same may be said of the present 
which is as much a geologic period as any of its predecessors. 
Wherever there is sea there may be found in some parts or other of 
it a growing quantity of limestone. In our times it is represented 
by the great coral reefs now forming in the bed of the deep sea, 
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and in the accumulation of beds composed of marine shells. This 
accumulation of limestone will compare with that of any of the 
previous Geologic epochs, nay, it will most probably surpass them. 
It seems as though the older the earth grows, the more favorable is 
it for the forming of limestone. In the Indian and Pacific Ocean, 
vast coral reefs are being slowly but surely raised. They have been 
traced for 6000 miles in the latter, and in depth to more than 2000 
feet. Mr. Jukes estimates that many thousands of years must have 
been required for these tiny coral builders to have raised the 
barrier reef off Australia. 

The recent dredging researches in the Atlantic, have proved the 
existence of a soft bed of mud or ooze, which when dried resembles 
chalk. It extends over the whole floor of the Atlantic, except in 
the neighbourhood of cold currents. Dr. Carpenter states that at 
a depth of three miles, he brought up in the dredge 1J cwt. of this 
ooze. Ninety-seven per cent, of it consists of microscopie Rhizopods 
or foraminiferous shells which are the same Globigerinae I spoke 
of as constituting the bulk of chalk, and those who favor the 
developement theory have seized on this fact, as proving a con
tinuity of specific forms of life, at least from the chalk period to this. 
This, however, meets with a serious check interposed by Sir C. 
Lyell, who asks them to produce, in a living form, the now extinct 
shells which characterized the chalk period. You will find under 
one of the microscopes the Globigerinae brought up by the dredge in 
the Atlantic dredging expedition, from a depth of two miles. You 
will have a good opportunity of comparing them side by side with 
their congeners of cretaceous times. 

I have now shown the distribution of limestone throughout the 
successive Geological epochs, my brief description would, however, 
be incomplete if I omitted to mention the views of Mr. Hall, M.A., 
F.R.S., who in a paper in the Geological Magazine for 1869, p. 
364, has shown very strong evidence of a ternary classification of 
rocks. He points out an unmistakeable tendency in each geological 
formation or groups of strata, to assume a threefold arrangement, 
having sedimentary matterfor the upper and lower members, with a 
central calcareous member interposed, and that this arrangement is 
repeated in all the series from the Laurentian to the Tertiary times. 
Prom this Mr. Hall argues that Geological history has repeated 
itself in cycles, every epoch having, as at present, depositions of 
sedimentary matter over wide littoral areas, with the accretion of 
limestone and calcareous matter in the deep sea, out of the reach of 
sediments which represent the more littoral conditons, whilst the 
calcareous represents the pelagic or deep sea conditions of each cycle 
of time. He thus tabulates the supposed arrangement. 
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A N A T U R A L G R O U P . — " Lower stage, representing prevalence of land 
with movement, producing chiefly sedimentary strata. Middle stage, 
representing prevalence of sea with quiescence, producing chiefly calcareous 
strata. Upper stage, representing prevalence of land with movement, 
producing chiefly sedimentary strata." 

This grouping is well represented by the Triassic series with its 
New Red Sandstone and Bunter beds for the lower stage ; Mus-
chelkalk limestone for the middle stage, and Bed Marls and keuper 
Sandstones for the upper stage. 

I will now briefly turn to the nature and composition of lime
stones. They are all mainly composed of calcium, oxygen and 
carbon, or what is commonly called carbonate of lime, the formula 
of which is Ca CO3 or CaO CO2 that is one molecule of oxide 
of calcium, which is lime, united with a molecule of oxide of 
carbon or carbonic acid, or an atom of calcium united chemically to 
an atom of carbon with three atoms of oxygen, or to be more 
precise in stating their respective affinities, one atom of calcium 
united with one atom of oxygen forms oxide of calcium or lime, 
this combination or molecule combines with another, consisting of 
one atom of carbon united with two atoms of oxygen or carbonic 
acid and form limestone, and it is the same whether it occurs as calc 
spar, chalk, oolite, coral reef, atlantic ooze, the shells of mollusks 
or the egg-shells of birds. 

In the case of magnesian limestone it is different, it then con
tains upwards of 20 per cent, of carbonate of magnesia. The quantity 
of magnesia is however variable. Magnesian limestone is said to be 
the result of the gradual metamorphosis of ordinary limestone, 
carbonate of magnesia replacing carbonate of lime. To my own 
mind this mode of accounting for the difference is doubtful, as sea 
water usually contains more carbonate of magnesia in solution, than 
carbonate of lime. But limestones are all more or less impure. 
My friend Mr. Woodcroft, who has very kindly and at considerable 
trouble, made a careful examination of the mountain limestone of 
Caldon Low, gives the following as the result of his analysis. Car
bonate of lime, Alumina, Silica, Carbonaceous matter, and trace of 
Iron. Out of 301bs. of limestone dissolved in hydrochloric acid, the 
residue well washed with distilled water, he found 680 grains of 
mud, consisting of alumina for the most part, and carbonaceous 
matter, 1260 grains, or nearly 3 oz. of silica which, when we put 
it under the microscope we were delighted to find that it consisted 
entirely of microscopic crystals of six sided prisms, terminated by 
six sided pyramids, the usual form of rock crystal. It may be 
accepted as a fact that in the mountain limestone, these beautiful 
crystals are prevalent. Mr. Woodcroft has dissolved many pieces, 
and has always found them. In the Buxton limestone they occur 
in larger crystals, and a little worn or corroded, but in that of this 
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The sources of the carbonates of lime and magnesia in sedimentary 
strata is twofold,—1st the decomposition of silicates containing 
these bases—such as lime, feldspars and pyrox,—and 2ndly, the 
action of the alkaline carbonate formed by the decomposition of 
feldspars, upon the chlorides of calcium and magnesium originally 
present in sea water : which have thus in the course of ages been 
in great part replaced by chloride of sodium. The clay or aluminous 
silicate which has been deprived of its alkali is thus a measure of 
the carbonic acid removed from the air of the carbonates of lime 
and magnesia precipitated, and of the amount of chloride of sodium 
added to the waters of the primeval ocean. 

/ accept in its widest sense the view of Hutton and Boue—" that 
all crystalline stratified rocks have been produced by the alteration 
of Mechanical and chemical sediments" 

On the occurrence and probable origin of intercalated limestone 
and dolomite he writes at p. 464, " The magnesian rocks among the 
unaltered sediments of the Hudson Eiver group afford an interesting 
study. The dolomites of Pointe Levis, are interstratified with the 
pure limestones, sandstones and graptolitic shales of the Quebec 
division of the Hudson Eiver group. Both limestones and dolomites 
are very irregular and interrupted in their distribution, the beds 
sometimes attaining a considerable volume, while at other times 
they thin out, or appear to be replaced with sandstones. The 
limestones frequently form masses of many feet in thickness, which 
are without any visible marks of stratification, and destitute of 
organic remains. These masses are compact, conchoidal in fracture, 
sub-translucent, and exhibit a banded agatized structure, which 
leads to the conclusion they are chemical deposits from water, in 
fact veritable travertines. Interstratified with these travertines, 
however, there are beds of fine granular opaque limestones, weather
ing bluish-grey, and holding in abundance remains of orthoceratites, 
trilobites and other fossils, which are replaced by a yellow-weather
ing dolomite." 

"The facts which we have indicated, clearly show that the 
dolomites just described have been precipitated from water, under 
conditions which brought more or less sand and clay, and sometimes 
fragments of the adjacent rocks, into the basins where this process 
was going on ; during the intervals of which the travertines and 
fossiliferous limestones were deposited, to the exclusion of magnesia. 
Similar conditions are met with in some limestones of the Niagara 
division, in the eastern basin, where purely calcareous corals, of many 
species, are embedded in a paste of granular magnesian carbonate 
of lime, which would seem to have been precipitated in the medium 
where the zoophytes grew. A somewhat different process is presented 
in the replacement by dolomite, of fossils in the limestone at Pointe 
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Levis, as well as at many localities in the Chazy limestone, where 
various shells are replaced, and sometimes entirely filled, with a 
crystalline ferriferous dolomite, the surrounding limestone being 
destitute of magnesia and iron. It is known that those mineral 
waters which hold large quantities of carbonate of lime and magnesia 
in solution, deposit only the lime on exposure to the air, and retain 
all the magnesia in solution ; hence travertines and tufas, both 
ancient and modern, contain little or no magnesia. The carbonate 
of this base is soluble to a considerable extent, in solutions both of 
magnesian and alkaline salts, but is deposited when those solutions 
are boiled, or evaporated at low temperatures. Thus the alkaline 
waters of Carlsbad in Bohemia, which contain according to the 
analysis of Berzelius, seventeen parts of carbonate of lime for ten 
of carbonate of magnesia, deposit great masses of travertine, which 
is purely calcareous, but if suffered to evaporate in open basins, 
would afterwards yield dolomite or magnesite." 

Without venturing to dispute the learned conclusions of the 
authorities I have named, as to the organic origin of the mountain 
limestone, I think I have stated grounds sufficiently weighty for 
me to plead for a further enquiry with a view to ascertain whether 
there may not have been the twofold agency at work, (chemical as 
well as organic,) to produce such stupendous results as those I have 
so imperfectly attempted to describe. 

I>. Dilworth, Steam Printer, Newcastle. 
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