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IGNEOUS ROCKS,

The igneous rocks are ‘those that have been
Ly

|

formed by the consolidation of molten material derived

from the interior of the earth,

Theie are reasons for believing that the

temperature of the interior of the earth is very high,

high enough, indeed, to0 melt the most refractory rock

known to us, Amongst the reasons, the following may

be mentioned:-—

(1) The Existence of Volcanoes, - In many regions of

earth’s surface, opecnings exist from which steam, hot

vapours, ashes, and molten lavas are from time to time

emitted, The exnistence of these widely separated
volcanoes is only explicable by ihe assumption of a very
high internal heat, The fact is brough® home o0 our

mind more clearly when one adds *to the number of

existing i ! i
ting active volcanoes, the remains of extinct ones,



from which, in early geological periods, enormous

guantities of molten material were poured out, The

remnants of these enormous sheets of igneous rocks are
N

met with nearly all over the globe; When we consider

that they have all risen from below, as if from a

common reservoir, we are inclined to admit of the

existence of a very high temperature within the earth,

(2) EHot Springs., - In regions where volcanic activity

has ceased, evidence of intexrmal heat is still
manifested in hot sprihgs and geysers, From the
temperature of the discharged water they appear to

maintain a high temperature for many centuries,

Hot springs axre found even in regions many

miles away from existing volcanoes., The hot spring of

Bath (temp, 120 F) in England is 900 miles from

Icelandic Volcanoes, and about 1100 miles from those of



Italy and Sicily,

(3) Borings. - As the crust of the earth is penetrated
below the zones of seasonal changes by wells, mines,

and borings, the temperature is almost invariably

found to rise, The rate of rise is, however, far from
uniform, ¥From the report of the Rritish Association

for Advancement of Science, it appears that the range

varies from f’F, in less than 20 feet to I ¥, in 130
feet, with an average of 1#E3 in 80 to 60 feet, which

has usually bheen taken as representative,

The gquestion of the ultimate origin of

igneous action, including the source of the magmas and
the nature of the motive power, is inseparably
connected with other Guestions, e.gz, the origin of our

planet and the present physical and thermal conditions

of its interior parts, - guestions which axre still



undecided, This branch of specﬁlatiVe“science, which
is known as Cosmogony, has got too many diverse
theories impossible to reconcile, It is oﬁly possible
%0 touch them briefly here. ILaplace’s Nebular
Hypothesis is seemingly beset with insuperable
difficulties; no less precarious ié the condition of
Meteoric Hypothesis, The planetesimal Theory has as
vet scarcely emerged firom the tentative stage,

(Harker, Igneous Rocks, p, 4).

As egards the present physical condition

431

most diverse theories still find champions., The

question has been attacked both by geologists and

physicists, with the result that most uncompromising
theories have been put forward., According to Lord
Kelvin the globe was a solid, having rigicity nearly

as that of steel, Fisher has got a dlightly different



view by assuming a fluid substratum over a solid
nucleus, On the other hand Arrhenius advocates the
view that the greater paxrt of the globe is saseous,
passing throush a liguid layer to a so;id.crust some
forty miles ﬁhick. It may be mentioned that all the
foregoing theories, though very diverse in character,
are dependent more or less on the assumption of Nebular
Hypothesis, On the Planetesimal Hypothesis as
developed by Chamberlain, "the globe may be supposed
practically solid bhut with liquid tongues and threads
eﬁanatiné from places of local fusion in the middle
zone and work their way outward".

Whether the portion of the earth immediately
beneath the crust is occupied by rock in the molten

condition, or by solid material at a sufficient high
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temperature to become liguid under a diminished
pressure, it is clear that if by one means or another
the external pressure be overcome, liguid magma will
move in the direction of least resistance, According

FY

to the nature of the resistances offered by the
surrounding mass, the molten material will pierce +the

solid crust of the earth o0 a greater or less

distance; it may reach the surface and give rise to

the phenomenon known as "Volcanic Action', or it may

consolidate in large masses at considerable depths
forming rocks which are texrmed "plutonic, deep seated,
or abyssal", while the former are known as '"Volcanic",
Connecting the volcanic rocks with the parent magma
are necks and pipes or dykes, Besides, the plutonic

masses send off tongues and apophyses to the surrounding

rocks which never find outlet but consolidate between



strata as intrusive sheets, The term "Hypabyssal" is,
therefore, used 40 embrace this third sroup of igneous

rocks forming the connecting link between plutonic and

volcanic rocks, Plutonic and hypabyssal rocks are

"intrusive", while the volcanic rocks are "extrusive”,

Definition of the chief forms in which plutonic rocks

occur:-

(a) B8tock or Boss: An irregularly shaped ip rusive
mass which cuts across the structure of thé
invaded formation, The contacts are often
vertical or highly inclined, and there is no
visible floor on which the erupted'material rests,
{Hateh),

(p) Dome: A circular or oval shaped granite mass

exposed amongst sedimentary rocks with its sides



dipping underneath the surrounding rocks at a
gentle angle,

Dykes: Are generally foxrmed by the injection of
mégma in narrow and nearly vertical fissures,
They have approximately constant width, - small
in comparison with the longitudinal and vertical
extension, Some dykes represent conduits of sills,

others are self-contained with no ulterior end,

Sill: Is characterised by a wide lateral extension

R

as compared with its vertical thickness, Its

regularity of behaviour in following a defined

bed ing plane is often very remarkable, and the
thickness is sometimes very uniform Ffor long
distances, One-half of the ’bhasaltic plateaws:’

of Ulster and Inner Hebrides is made of great



successions of dolerite sills, varying in thicknes:
from a few feet to 100 feet or more, and

individual sills can be followed for many miles,

ILaccolite: The term was first introduced by

Gilbert in describing an intirusive mass having a
flat base and a dome-shaped upper surface,

(Report onn the Geology of Henry IMts, 1880), It
has more restricted areal extension than a sill,

Both slope and %thin out towards the edge, but in

the case of a laccolite the thinning out is more
rapid, It is generally Tormed at a greats dep‘[;hl~

and conseguently at an enormous pressure,

,-
-
)
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IGNEOUS ACTION,

A pglance at the geological map of any
extensive area makes it apparent that there is a
general correspondence as regards both time and space
of igneous action with important movements-of the
earth?s crust. In some cases igneous action seems to
be the immediate cause of ’folding’ and ?faulting?; iﬁ

others it is consequence rather than the cause of

i

displacement of solid crust. Whether one is the cause.
v the effect of the other, it is immateriél to discuss,
Taking, however, a broader view and overlooking this
distinction, we may say that the two sets of phenomena ~
igneous action and crust movement, - are co-ordinate
effects of the same ultimate cause., The strains set

up in the crust of the globe, ’cosmic and regjional?,
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develop local stiesses which may, ultimately, overcome
the 1limit of resistance, "That 1imit passed, the
stresees must find relief in a readjustment of the

crust”, and such readjustment may be effected by
relative displacements of solid rock ox of fluid magma,
or, more generally, of both together, Thuskthe two
sets of phenomena, though not actually coincident, are
in some degree complementary to one another,
Accordingly we find that igneous action has prevailed
in those regions of the earth’s crust which have also
been the theatre of great elevation and depression,
folding, faulting, and overthrusting of +the solid crust
The readjustment of the crust may take place
either (a) in a vertical, or (b) in a horizontal

direction, - the former forming ’plateau’ and the



latter ’mountains’, Corresponding to these two crustal
movements are two types of volcanic eruptions, - the
"fissure'" type generally accompanies the vertical
movements, and the "central" ﬁype is limited to the
horizontal movements. Similarly we find different
forms of intirusive bodies related to different types of
crust movement, Under each of the two categories
menﬂioned before, (e.z. "plateau and mountain areas’)
are comprised intrusions of widely different habits,
According to the diverse postures assumed by the
intruded rock bodies and their attitude towards the
"country rock", they may be distinguished as

(a) concordant and (b) transgressive., "In the one case

the intruded mepgma has heen guided by surfaces of

structural weakness, such as particular bedding planes;
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in the rocks invaded, In the second case the intrusions
have systematically broken across the becding or other
directional surfaces of the country rock"., (Harker.
Igneous Rock, pp, 61-62), So the intrusive bodies may

be conveniently divided as follows:—

Plateau District, Mountain District.

Sill Concordant, phacolite,
Concordant, laccolite
Transgressive, sheet,
bysmalite,
dvke,
Transgressive, dyvke,

The dynamical aspect of igneous action, as has been

mentioned before, may be distinguished as "intrusitve"

and "extrusive", according as the displaced magma is

raised from a lower to a higher lewvel within the eaxrth’s

crust or brought to0 the suirface and poured forth as
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sub-aerial or subagueous lavas, It is now generally
interpreted that these actions represent the different;
phases of intrusion: +the one characterised by large 5
bodies of plutonic mass, the other by the injectionofi
numerous smaller bodies such as dykes, sills, laccolites

etc, Thus we have three distinct phases of igneous

action, namely, (1) volcanic extrusions, (2) large

plutonic intrusions, and (&) minor intrusions
constituting a regular cycle, in which the several

phases follow in the fixed order,



MAGMATIC DIFFERENTIATION,

The most fundamental problem of moderm
petrology, that of the origin of the great diversity
of rock types actually found, has engaged the atuention
of numerous writers, Though attacking the problem
from different stand point of view, they all, in
general, aim at providing some physical explanation of
the derivation of diverse rocks from one parent mapma,
The earliest effort in this direction is due g
to Bunsen,'who as early as 1851 pointed out that the
varying composition of large series of igneous rocks
which he had examined from different parts of the world
could be ezpressed on the assumption that they are due

t0 the mixture, in wvarying proportions, of two distinct



magmas, which he designated by the terms "normal-

trachytic", and‘hormal-pyroxenic". In 1857 Durocher

advanced a theory very similar to Bunsen’s, Accordiﬂg‘
to him the igneous products of all ages have been
aerived from "two magmas which co-exist beneath the
solid crust of the globe and occupy there each a
definite position". The terms acid and basis wexre
given o these two magmas, and thelr average composi-?

tions were supposed to be as follows:-

Si 0, 71,0 51,5
Al,0, 16,0 16,0
Fe O 2.5 | 13,0
Ca O 1,0 8,0
Mg O 1.0 6.0
K,0 4,0 1,0
Na,0 2,8 3,0
Sp. gr, of crystalline rock 2,65 2.95

-0~ glaSS 2.40 2.72
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Rocks of intermédiate composition were supposed to be
due to the intermixture of the two magmas, Summarily;%
then, we meet in nature two extreme iypes; the one
characterised by a low percentage of silica, high
percentages of lime, iron and maegnesia; a low percentage
of alkalies, and an excess of soda over potash: +the
other by high percentage of silica, low percentages of
lime, iron and magnesia; a high percentage of alkalies,
and an excess of potash over soda, Between these two
extremes we have every possible gradation, (Bunsen’s

Law),

The effect of crystallization in modifying
the com itd ;- . . .. _
omposition of an isneous Dagma 1s ilkmense, If, for
instance, crystallization is allowed o pioceed O a

C 5] o~ ' . { 3 . - § - ’
ertain extent ina magma of "amdesitic" composition the
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, . j
crystals when separated are found to have a basic and/
{
{
!

the remaining liguid magma an acid composition, It
seems quite possible, then, that the variations in the
composition of the igneous iocks which are expressed by
Runsen’s Law, may be due to differentiation producecd
in an originally homogeneous magma in conseguence of
progressive crystallization,

The evidence for magmatic differentiation,
which seeméd sufficient to the earlier petrologists,

has been enormously strengthened by increasing know~
ledge of the distribution and mutual relations of
different kinds of ipgneous rocks. The variation
apparent in differénces of composition between rocks,
however intimately associatéd, must be regarded as

representing distinct intrusions (or extrusions) of



magma, But in addition there are many cases in which
a rock-bhody, representing a single intrusion of magma,
shows éonsiderable variation in different parts of its ;
mass, While the fofmer kind of variation is probably
Y
due to differentiation prior to in?b}tion, ‘the latter,
at least, is attributable to differentiation subsequenp
t0 intrusions, and may he said as effected "in place",
It does not necessarily imply, however, two kinds of
difrerentiation as regards the mechanism of the

processes concerned, Harker is of opinion that "the
variation observed in a single igneous rock~body is
due to processes of diffusion closely bound up with

progressive crystallization", (Isgneous Rocks, p 311),

That similar action takes place also in the inter-

crustal magma-reservoirs may be assumed from the fact
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that these reservoirs must be situated im a zone of
earth’s crust where solid and liguid rock are in
approximate equilibrium, and where consequently
crystallization or fusion will readily be brought
about in response o0 changes of pressure or temperature
It may be noticed here ﬁhat +he foregoing theory of
Harker 1s based on Vogt’s conclusion that natural rock-
magmas are in general freely miscible with one another
in any proportions at all temperatures at which they
remain fluid, The most important.exoeption is ‘the case
of the sulphides, which appear t0 have only a limited
degree of miscibility with slicates in the molten
state, Rut there are some petrologists who are of
opinion of only a limited miscibility between two

portions of the magma, with the result that masses
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differing in specific gravity separate out in layers,

Many theories, based upon this principle, have bsen put

forward as explanations of the phenomena of magmatic
Aifferentiation, Rackstrom, for instance, would "give
“to liguation and not diffusion its place as the working
hypothesis, upon which the theory of differentiation is
to be constructed”, Fosenbuch’s Kern hypothesis, besed
also on the as:umption of limited miscibility, is an
attempt to classify igneous rocks on the basis of
magmatic differentiation, The process involved is a
sort of "spontaneous division" of homogeneous magma
intp partial magmas characterised ¥y a "certain
chemical individuality and having only a limited

mutual solubility". Soret had proved that in a;ﬂéous

solution of a salt, different parts of which are



maintained at different temperatures, there is a
stronger concentration of the salt inh the cooler
region, Based op,this prrnciple, some petrologists
have atiributed a leading part in the differentiation
of a still fluid mepgma to ’différence of temperature’
between different parts of the magma basin or again
between the central and the marginal parts of an
intruded body of magma, A consideration of this
principle, from the guantitative point of view, shows,
however, that the result is ofrvery trifling import-
ance, (Harker., Igneous Rocks, p, 317).
Yhe best éxplanation of difierentiation "in
place" is afforded by the process which has been very
appropriately styled by Becker as 'fractional

crystallization'"., Ry means of this process
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differentiation is brought about concurvently with, and

as a consequence of, the progress of crystallization in
a rock magma, It is to be noted, in the first place,
that the crystallizetion of any constituent from a
mized solution necessarily implies differentiation, AS
for instance, when a crystal proceeds to form in a
magma, its growth is fed by difrfusion-~currents, which
maintain a certain degree of supersaturation in the
immediate vicinity of the crystal, carrying the
necescary constituents to it and foreign substances
away, As a result of this we may find a certain part
of the rock, where the crystallization has been

localised, crowded with one sort of ciystal, and other

parts marked by the paucity of its presence., Retween
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these two extremes, however, there is a continual

pradation of mixmtures, Theoretically there is no

limit to such a process of difrferentiation, In the
extreme case it is even conceivable that the reguisite
conditions being maintained, there may be-formed a rock
consisting wholly of one mineral, the remaining fluid
magma being totally deprived of that constituent, The
requisite conditions are that (1) the earlier minerals
shall separate successively out according o0 their
decreasing baéiéity, (Rosenbuch’é Law), (2) one part of
the body of magma shall be constan@lyAat a lower
témperature than the rest,

"It is guite reasonable to suppose that the

Process of fractional crystallization, which appears 4o

be of prime importance in the differentiation in place



of intruded rock magmas, plays a part likewise in that

intratelluric differentiation by which these magmas

had their origin, Its most obvious application is to a
series of rocks which are composed of the same minerals
in different proportions,

Supposing, now, that differentiation takes
place in accordance with the principle formulated above,
let us enumerate the effects that we may expect to meet
with on the resulting rock when a mass of molten
material of sufficiently large size -~ so that no rapid
chilling takes place, - ig intiuded in some pre-
existing rock mass.i Assuming that there is sufficient
initial difference in temperature between the intruded
magma and thé surrounding rock, differentiation will

i< 3
take place, and as a conseqguence there will be variation
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of varieties, Since the differentiation is conducted
with reference to the surface of contact, the variation
will be developed in an oxrderly manner, - with
bilateral symmetry in a dyke or sheet, and with a
concentric ariangement, in a boss or laccolite,

Now, let us compare this result with what we
find in nature, An examination of sills, dyvkes, or
laccolite all show a basic marginal modification and a
gradual increase of acidity towards the centre of the
mass, Of course the extent of such a differentiation

will be governed by the fluidity and viscosity of the

intruded magma, On account of the greater fluidity of

basic magma, differentiation will be more pironounced

in gabbro than in nepheline-syenite,
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PRTROGRAPHICAL: PROVINCES,

We have seen that, as the result of
differentiation, the assemblage of rocks in any given
area of earth’s surface may range from guite basic 1.0
very acid type, In spite of this difference, they may
have some chemical characters in common which place
them in a definite series, As for example, Iddings in
1892, pointed outf: that rocks relatively rich in
alkalies are found along the eastern side of the Rocky
Mountains and Andes, and further east in Canada, the
United States, and Brazil, while a sub-alkali group is
developed throughout the Great Basin of the Western

States, on the Pacific Goast into l’exico and Central

America, and along the whole extent of ‘the Andes



Similar prevalence of one type or the other, in smaller
areas, first led P¥of, Judd to his conception of
"Petrographical Provinces", It leads at once to the
hypothesis that igneous rocks of one province owe
their resemblance to the community of origin, Such
présumed genetic relationship or "consanguinitj".as
Iddings calls it, has been the keynote of many
petrologists in their effort to explain the origin of
the diverse associated rock types by process of
differenﬁiation from a common stock magma,

That the two fold division noted by Iddings
has a very wide range of application is proved by
Harker in his attempi to show "the very general

correspondence of the areas of the alkali and sub-

alkali’ groups respectively with the areas of {he
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Atlantic and Pacific types of coast line as defined by
Suess,” The one type is found around the Atlantic
and part of the Indian Ocean and in the Polar basins,
the other, generally speaking, around the Pacificl

The two types are characterised by minerals

which have been classified by Harker as follows:-—
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Alkali Group., {Atlantic).

Alkali-felspar form a large
proportion of the more acid
and intermediate rocks, and
occur in many rocks of low

acidity,

Microperthetic and Crypto-
perthetic intergrowths

frequent,

Felspathold minerals often
found (leucite, nepheline,
sodalite, primary analcime;

also melitite),

guairtz confined to more acid

rocks,

Pyvroxenes and Amphiboles often

include soda-bearing kinds,

MMicas and garents axe of

common occurEence,

Sub—alkali Group (Pacific),.

Alkali-felspars not abundant
except in the more acid rocks,
and wanting in the basic; soda

-lime felspars abundant,

Zonary beundary of felspar

frequent,

Felspathoid minerals not

found,

Avocka,
guartz not only in acid,but

also in many intermediate

ones,

Pyroxenes represented by
augite, diaopside, and the
rhombic groups; amphiboles by
commnon hornblende,

Micas not common except in

the more acid rocks,



CLASSIFICATION OF ROCKS,

7o a student of geology of present day,
nothing is so disconcerting as the subject of
classification of rocks, It is tolerably easy for him
to describe a rockK and determine its chemical and
mineralogical constituents, but it is hardly possible
to assign a position to it in a satisfactory system of
classification, The diflTiculty not only arises from
the nature of the subject, but also from the disapree-
ment which‘at present exists amongst the petrographers
even as regards the first prinhnciples on whichMthe
classification should be based,

One of the esarliest atiempts to classify

igneous rocks was due to the continental petrographers,



who made the geological age as the basis of the
classification, Bubt Allport and otheis later on proved,
beyond doubt, that rocks of many ages are identical in
their material qualities, so classification on this
basis is no longer satisfactory nor acceptable, The
inherent characters of igneous irocks @ave always been
the basis of classification, Of these the chemical and
mineralogical composition, texture, and structure, are
the most important, Structure and texture are now known
to depend on the variable conditions attending the
consolidation of magmas, Classified on +this basis
rocks having the same, or very similar composition, e.g,
granite and rhyolite, are put in widely soparated

groups, Conseguently they can no longexr be given the

prominent role hitherto assigned to them,
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TIdeally it would be possible to make chemical

itd i 1f'1 iy » igneous rock
composition a basis of classification of 1ig ’

as this is their most fundamental characteristic, The

absence orf stochiometric proportions amongst the
chemical components, however, render this treatment
difficult, This difficulty is further enhanced by the
presence of an intricate inter-irelationship amongst
the compogents, These facts show that any subdivision
on purely chemical basis is hardly possible,

A classification based on purely mineralogica:

characters is equally beset with difficulty. The

existence of vitreous and hemicrystalline rocks make
it impracticable, The task would not have been much
lightened even if all the rocks were holocrystalline,

for a given magma may crystallize in different mineral
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combinations,

So it is evident that neither of the above
can alone or independently be applied as a basis of
satisfactory classification, And since the minerals
are easily determinable optically, it seems convenient
to retain the mineralogical treatment of the rocks,
The original minerals of a holocrystalline rock may be
considered as a fair representative of the original
magma, Again, the original magya of a hemicrystalline
or vitreous rock is only truly represented by its
chemical composition., So considering the entire range
of igneous rocks as a whole, a satisfactory classifica-

tion seems possible only on the combined '"chemical and

mineralogical’properties of the rocks,
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A few years ago a new system of classification
was introduced by some American petiographers, (Class-
ification of Ygneous Rocks by Washington and others,
1903). The system is based principally on the
guantative analysis of the iocks,

“Whether vitieous or crystalline, all igneous
rocks may be correlated by consideiring what mineral
combinations may be developed from their magmas if
crystallized, But since several mineral combinations
are possible foir most magmas, it is advisable Lo selecdt
one of these combinations as the standaxd of comparison,
and for uniformity and simplicity it is necessary to
select the same one for all rocks having like chemical
composition, This may be termed the "standard mineial

composition", which may or may not correspond to the



actual mineral composition," (Classification of

Isneous Rocks p, 113),

mhe scheme fiist starts by grouping the

-

important rock forming minerals intolﬁive groups as
"distinguished by Chemical Characters', and also by

associations in the rocks., Rock forming minerals are

divided by the Authors into two groups, - the ’salic’

and the ?’femic’?, The ’salic’ gioup contains minerals

which have a siliceous and aluminous character, The

A
-

*femic? group is characteirised by feriro-magnesian

minerals,

The mineiralogical classification of a rock is

anything but gualitative, and as a natural conseqguence,,

in all classifications based on mineral characteis,



guantitative considerations have been almos®t

disregarded. As long as the minerals which form part

of the definition of a rock are present, they may vary
in amount indefinitely without, in most cases, affecting
its nomenclature or its place in classification.
It is with the object of remedying this
defect that the Authors have devotzd themselves to the

introduction of a new system, They recognise that by

far the most important character of an igneous rock is

its chemical composition, "The chemical composition

of the rock is its most fundamental character, being

& guallty inherent in the magma before its solidifica-

Lion, and is therefore of the greatest impoitance in

its correlation with othe
_ v T rocks",



"All rocks of like chemical composition should
be classed together, and degrees of similarity should
be expressed by the relative positions and values of
the systematic divisions of the classification"”,

"The mineral and textumal characters, being
dependent largely on external conditions attending rock
consolidation, are Lo he regarded as subsiding import-
ance in classification, hut should redeive due

recognition in the system",

As, howe#er, magmas, having the same chemical
composition, may crystallize out in different mineral
aggrégates, the Authors have devised a method of
calculating from the chemical analysis of a rock, a

standard mineral composition called the ’norm?, which

might, in some cases, practically coincide with the
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actual mineral composition or ’mode?, but, as a rule,

differ widely from it,



OUTLINE OF THE SYITEM,

The subdivisions proposed by the Authors are:-

Class, Sub-class,
Order, Sub-order,
Rang, Sub-rang,
Grad, Sub-grad,

The division into classes ané orders is bhased on
gravimetric calculation; that is, it is determined by
the ratio of the total weights of +the gioups of
minerals4on which the clas=zification depends; but in
forming the smaller divisions, - the rangs and sub-
rangs, - it is the molecular propoition of a certain
chemical constituent that is considered,

(1) Zhe Chemical Composition, -~ The starting point on

this new system is the chemical composition of the rock,



which may be ascertained either from a chemical
analysis, or calculated from a guantitative estimation
of the minerals présent.,
(2) XNorm. - The chemical composition having been
determined, the calculation of ’norm’ is proceeced with,
By dividing the percentage of the difTerent chemical
constituents by their molecular weights, the molecular
proportions are obtained. “he molecules are then
distributed according to fixed rules to foim the
minerals of the ?’norm?, Minerals, whose composition
is too complex, are either dissociated into less
complex ones or are entirely excluded,

The method of allotment of the molecules is
intended to express, as far as possible, the natural

affinities and preferences among the chemical



constituents of igneous rocks,

mhe Classes, - The primary divisions, into which

igneous rocks are classified, are dependent on the
relative proportions of the salic and femic mineral
eroups, as calculated in the standard mineral
compdsition of each magma, There are five classes

based on the following proportions:-

Sal N 7
Class 1, fem 1 * ©persalic,

& £ _7_.) _‘E-) .

" 11, fem 1 3! dosalic,
sal , o > 3

" 111 fem 3 57 salfemic,
sal 3 1
== (=2 =,

" 1V, fem o 7 dofemic,

’ sal . _1
" v, fem 7 ) perfamic,

Sub-class. This division is based on cartain biroad

chemical distinctions in the salic and femic groups,

which make it possible to divide each of them into two
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parts:-
Part 1, - Quaxtz (&) Felspars (F)
Salic Group. and felspathoids (L).
" 11, - Zircon (Z) Corrundum (C)
Part 1. - Pyroxenes (P) Olivine (O)
Femic Group. Magnetite (1)

" 11, - Apatite (A).

Sub-classes in (lass 1, 11, and 111, are made on a

fime fold basis, by considering the relative
proportions of the two parts of the salic group just
described, (gﬁﬂf&), In classes 1V, and V, sub-classes

are foimed on the proportions of the two parts of the

femic group., (P_O M)
. A -t

(4) Orders, Hach of the five classes is again
divided into ordexrs, "he subdivision into orders of

the Tiirst three classes depends on the proportion of



felspars 1O guartz, on the one hand, and felspatholids

\ . do
' v is well known, these &
(?Lenad’s’) on the other., As

Ther o ine orders in each
not occur togethelX, There are nin

class:-
£ 57 I Perguaric,
Order 1, F 1’ quartz extreme, 3
L 15 0 1y
nwooo. F<'ZL> i doguaric,
) _Q. _‘.)- -—ét . = 3
" 3. FL‘ 57 5 guarfelic,
3 1 ,
"4 ‘%4'757'77' guardofelic,
'£‘< "l' b} : .
" S FOO7 felspar extreme, perfelic,
" 6, OO 7 lendofelic,
" 7. F 8 ) lenfelic,
L 7 5
4 > ,
" 8. F 173 dolenic,
" L. 7
9, ¥ 1 lenad extreme, perlenic,

The remaining two classes are each divided

into five orcers according to the piroportion of femic
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gsilicates 1O non—silicates.

(a) Pyroxenes etc, (P)
1 - Silicates.

(p) Olivine " (0)
Femic Group ‘ ) 0
% - non-silicates - agnetite (3%)
P+ O 7 p _
’ erpolic,
Order 1. M 1 perp
P+0 , 7 2 i
" 9 0 < 1 bg 3 dopolic,
P+0 ., 3~ .8 o
“ 3 M CTE 7S polmitic,
" 4, P+O0. B, 1
T S5 7Ty domitic,
R P+ 0 _1
M 7 permitic,

(o) Rangs_and Subrangs,

Fach of the orders of the
first three classes is subdivided into five minor

groups, known as rangs, according to the molecular

proportion in the salic minerals of the alkalies to

4
the lime, X,0 + Na_ O

2

Ca O



Of classes 1V, and V, rangs are formed upon
a five folcd basis of comparison of the iwo sets of

. n L
chemical constituents, namely, g0, FPeO, CaO, and the

' y (g + Fe) 0 + Ca0’
alkalies, X,O, Na, O, K,0"+ Na, 0

EBach of the rangs is again split up in an exactly
similar fashion into five subrangs, according 1o

molecular proportion of the bases in the femic minerals,

(6) (rads. Axre bhased on the proportions of the
standard minerals of the subordinate femic and salic
groups in (lasses 11, and iV. ané of the femic group
in Class 111,

Subegrads are formed on the general chemical
character of the bases of the minerals employed 4o form

wrads, and bear the same relation 4o %Lhe latter +that

Rangs bear to orders,
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The *guantitative classification’ is
considered by Harker as a retrograde movement, for here
the artificial element is applied to the complete
exclusion of the natural, The division of group fiom
group by lines drawn at arithmetical intervals, can
correspond to nothing that, has occurred in the
evolution and differentiation of ioneous rocks, These
purely arbitrary boundaries would in manyv cases
separate a common and simple rock type into two or
three portibns with different names and positions in
the classifications,

The Author’s object is that "all rocks of
like chemical composition" should be classed togather,
Throughout the classification, both in the large and

small divisions, the extent of variation of the
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principal oxides is considerable, As a conseguence
we find, as has been pointed out by Harker, in the
same subrang, rocks like rhyvolites, trachytes,
dacites, and hypersthene;andesites all packed together,
"It would be difficult to say wherein these resemble
one another and differ collectively from the assemblage
placed in any of thc neighhouring compartments of the
scheme", (Igneous Rocks, ©pp, $68-%564),

The minexralogical composition employed in
the cuantitative classification is, as has aiready been
pointed out, not the real one, bt an ideal one, called
the ’norm?, Starting from a list of standard minerals
which corresponds only very imperfectly with +the
actual rock forming constituents, the scheme is built

up without any consideration of how rocks, genetically
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related, ?ill fit in the rows of compartments S0
conriected,

The ’cuantitative clas:ification’ has not
found many supporters amongst the Rritish Petrographers,
although it iz generally recoegnised hy petrographers
across the Atlantic, %he least +that can bhe said
against this classification is that it is not a natural
claszification, and so can show but very poorly the

genetic relationship which undeniably exists betwe-n

different igneous rocks,
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mhe “ethod of Clasgification, First the following

cuantities of oxides derived from the meneral average
composition are added together:-

(1) Al,0;+ (Pe, 04+Fe0) + 20 + (a0,
the result being found -~ &3.7,

Ail the focks are now separated into two
groups, those which "yield individually for the sane
bases a sum“smallér\than 6,7, and those which yield
a sum larger than &3,7", (Pro: koyal Soc, Edin,

Vol, XXvV111l, Part 1., Mo, 7.) All the former are
marked (a), and the latter (b), Thus the total number
of Iocks axre practically divides into two egual halves,

For each of these two sets (a) and () the
average totals of +the following bases are now

calculated:-
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(2) (Fe,0,+ Fel0) + g0 + a0 + a0

“he resulus are found Lo he respectively 12,4 and dl.o.
These fliguires are 1row used in guhdividing the eroup
(a) and the group (») in the same way as in the first
case,

“hus the ltotal numher of rocks are divicded
intto four snis:-

(2) (a)
(a) (M)
(h) (2)
(n) (1)

The same pirocess is successively repeaced hy means of
the following totals:—

(8) g0+ Ca0+ a0 + K0
(=) a0 + "@,0 + X0 + A€, 0,
(u) Ir'azo + KZO -+ Alzob-{— (P’9103+ FeO)

(6) KZO + Allo,b-t— (Fel 03 + FeO0) + 720,
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Thus finally 64 groups are obtained in which the rocks
are divided, The resmpective constants are recorded
in the table, The whole of the 1,000 irocks have heen
arranged by the Author in proper groups, Any other
igneous rock, not included in the list of 1,000 rocks,
may be arranged under its proper group hyv reference 4o
the table and simple calculation,

It will be noted that the method adopted by
the Author is based purely on cuantitative analysis
of rocks; +the object of classification is a simple
mechanical one,

I have the privilege of knowing the Author
personally, ot satisfied with the result attained by
the method mentioned, Dr. Warth has ceviscd another

one which is in the course of preparation, The new
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method materially differs from the old one, in as much
as it is depencdent on the moleculair proportions of
the chemical constituents, Added to this, the new
system entails a slightly édif’erent orcder in which the
diferent sets of Mises are taken in consideration.
They are arransed accordine 4o their wvalency in a
descending brder. As in the old system only rfour bhases
are taken at a time,

The result attained by this improved method

is decidedly more satisfactory



«49.

BASIC IGNEOUS TROCKS,

In the classification, i% has been noted that
basis igneous rocks have silica contents below 2%,
This low silica percentage plays an important part in
modifying the mineral contents, and, thereby, ihe
general character of the rqcks,

kock magmas are, wivhout ezception, silicate
magmas; ‘that is, they consist of silica together with
the bases iron, alumina, lime, magnesia, potash, and
soda, If the silica is in excess of the hases, the
solidified rock contains free silica or guartz; such
rocks are said to be "acid"., If, ou the other hand, the

silica percentapge is low, the rock is said to be

"baSiS" .
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With regard to the mineralogical composition
of ipneous rocks, the acid rocks are characterized by
the presence of silica or Guartz in greater or less
abundance, together with a dominant. alkali-felspar,.

In the basic group, however, Guartz is absent, and the
alkali-felspar nearly so, They are chiefly composed of

basic lime-bearing felspar, ferromagnesian minerals,

and iron ores, Apgain, ewven in ferrbmagnesian minerals,

some favour one group in preference to the other, As,
for example, olivine is practically restricted to the
basic giroup, Of angite and hornhlende, the former

generally favours the basic and the latter the acid
gioup,
Owing to the predominance of siliceous and

alumino-alkaline minexrals, the acid rocks are generally
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of a light colour, "he lowness of silica and whe
presence and predominance of ferromagnesian minerals
and iron ores over the alumino-alkaline mineials, give
the basic rocks a dark colour,

The proportion of silica present also greatly
influences the crystallization of a magma, Acid magmas
crystallize with more difficulty than basic ones,
consegurntly rhyolites (acid glasses) are comton and

hasic glass (Tachylites) comparatively rare,
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Laws, Governing the IMormation of Minerals in a

8olidifying magma,

An ipneous magma may he regarded as a mutual
solution of the silicates, that build up the complex
minerals of the ipgneous vocks, The laws edgtablished
by chemists, as regards the separation of salts from
supersaturated solutions, are therefore applicable in
our case, The law, when thus applied, -is defined by
Hatch thus:- "Crystals tend to form in a magma, when
it becomes sufficiently supersaturated with any
definite compound'", The gradual fall of tempeirature
causes successive supeirsaturation with different
compounds; which would, therefore, separate out in the

oréder of their solubility, %This is, however, modified



by the relative prdportion or the mass of the substlance
and the chemical affinity of the bhases present as
silicates, Ry way of illustiation, Harker guotes an
evample from his observations in the Isb, of Fum, In
a series of rocks, composed essentially of olavine and
anoxrthite, the olivine appears to have crystallized oub
first when the rock is rich in that mineral, while in
varieties rich in felspar the reverse holds good.
VYogt?s researches on slags prove that, when
two minerals in mutual solution are in ?entectic?
proportion, they will make an intimate mivture as they
crystallize out,, Whichever mineral is in ercess of

entectic proportion will ciystallize out fixrst,

The effect of pressure,

Sorby has shewn that the
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solubility of saltz, which increase in volume as they
pass into solution, is lowered by pressure, %he rock

forming silicates conform o this law Conseqguently

a magma, which at a certain temperature and pressure is
on the point of crystallizing, will, if the pressure is
relievad, remain in the liguid state until, by the fall
of temperature, the proper state of saturation has bheen
reached, This explains the corrosion and resoiption

of crystals that have foirmed in a magma prior 1.0
extrusion, The relief of piressure lowers the fusing
point of the mineral, and a portion of it passes into

solution,
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510, J1.15 42,32 42,51 50,08 48,13  47.88 40,82  86.1.

A1,0, 15,91 10,62 12,85 18,87 18,44 15.34 90.46 1..18

¥c,0, “%,63 Gy T4 2.67 $.48 d.4l 4,09 G 1o %487
Fe O 3.72  6.18 7,52 8.49  4.80  4.2¢  7.48 9.1l
dg O R 8.68 12.00 2,14 5.06 7.01 18.12 15,63
Ca O 7.68 14.80 11,83 6.70 0,89 9,82 10,595 11.40
Ta, 0 1.92 2 .46 2,70 4,10 8,00 5,01 2,62 2,42
X,0 =e97 1.41 2.10 %408 $.80 5,00 1,10 1.81
4,0 2,75 1.66 Z,96 “4,17 1,77 2.10 1,82 £.32
Pi 0, - 2.49 - 1.39 1,74 0,58 2.66 2.30
Co, 2,12 3,57 3,46 ~ - - - -
®iher - 1,59 0.83 1.16 1,30 3,12 1.21 1.24
Constitv

uents,

99,99 100.42 101.58 100,16 99,84 100,29 100,09 100,43

1. iinette, Leonhardskopf 6ei Flockenbach, Odenwald, Rosenbasch,

11, Camptonite, dvke at Sailean Slipenach, West (oast of Ardmuchuish-
L) 9

Pollarad,

111, Uonchiguite, urainbank, Kirkwall, Orkneys - D, Fletb,

1v,  %Yemhrite, I"oncdhalde, Xaiserstuhl, Baden, F, uiaelf,
v, Rasanite, '"oun% Inge, Uvalde County, Teras, - Hillebrand,
V1, Mepheline-Pasalt, Tom Ifunn’s Hill, " " "
w it " . ; ; 75 o i

11, Leucite Highwood Peak, Highwood I*s, :‘ontana, Prisson,
Y111, felilive "

Spiegel River, near Heidelburg, Cape (olony,
J. Lewis,



Si 0, 49.24 48,18 47.08 S
R 15.25 7.82 6,0
A1, 0, 15,84 11,80 15,36 o
N s 2.01 3,88
¥e, 0, 6.09 9.79 5.98 2.8
[ 6.93 3 7.69
¥ec O 7.18 5,90 7,35 6.93 0,32
‘ g .33 12,07
Mg O 3,038 6,00 0,10 8.11 13,33
Ca O 5,26 7.50 8.47 7 B4 13,01 18,66
Na, O 0.21 3,46 < .82 .96 0.69 0.94
X,0 2.10 1,07 3,00 1,31 0,48 0.78
H,0 2,69 4,20 2,82 6,24 3,07 2,40
7i 0, 1.84 - 2,64 1,64 1.16 2,60
P, Os 1,47 0,49 0,73 0.47 - -
Other 4 |
Constit 0,09 0.71 0,47 0,73 2,08 0.31
uents A
100,093 98,69 100,67 100,01 100, 96 100,88
1, ugearite, Druim na Criche, < miles §,S,W of Portree, Skyve -
Pollaid,
“he Tertiary Igneous Rocks of Skyve, !fem (eo, Surv, 1904 p,265,
11, Teschenite, Roguschowitz, Silesia. kosenbusch, Gesteins lehre
) p.176
111, " Crailgleith Island, I, Rerwick-Pollaxd, Summ, of Pro
teo, Suxrv, 1906, p,74.
17, " 5111 a® Blackburn, Rathgate-Pollard, Summ, Prog,
r Geo, Surv, 1906,
V. Hornblende-pyrorene rock, lManiposa County, California - Hille-
brand,

.36
T T 1.
1 11, 111. 1%, o

. sqea o ‘ je Pyrozenite
‘upearite Teschenite Teschenite Teschenite Hormblende y

Journ of Geo, Vol 1X, 1901
».o09.,
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1. 11. 111. 1“?' Yf'
Rasalt Fasald Rasald
RBasalt Rasaldt Ra
L ; ] 26,01 48,78
Si O, 49, 04 49,07 46,61 6
19.493 15,22 19,19 15,85
. % g '.91 3.57
¥e, Oy 9,00 10,58 &,49 I
5 ; 7o 34
¥e0 1,12 P ¥3) 7.71 6,70 6.
g0 2.80 4,36 8.66 6,81 6,03
a0 7.19 7.87 10,08 2,68 8,91
Hazo 4, 06 9,31 2 o 4d 3,27 3.18
1.63
X,0 1.81 0,98 0,67 1.20
H,0 2 42 2.26 3,17 8,07 1,76
7i 0. - - 1,81 - 1,89
P,0s - - 0.10 -~ 0,47
™m0 0.08 0.32 0,13 0,19 0.29
101,30 100,43 100,08 101,08 100,00
1, Carboniferous Olivine-Rasalt, !farkle Quavry, Garlton Hills,
Haddingtonshire, wrant Wilson,
11,

Carboniferous Olivine-Rasalt, Hailes (astle, varlton Hills,

Haddingtonshire, «rant-Wilson,

Tertiary Olivine-RBasalt, Allt Fiounfhuachd, Drynoch, Skye, Poll-

~n,
aird,

Caxrbonifeious Olivine-Basalt,%%arlton Hills, urant-Wilson,

The average of 161 analyses of typical basalts. ((fostly with

olivine). R, A, Daly., dJourn, weo, Vol, XV1,

1908,
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1 11, 111, 1, 11, 111, v,

Picirite Picrite Picrite Dolerite Dolerite Dolerite Dolerite

51 0y 46,29 4 78 42 .94 0l,22 49,59 48 44 47 40
Al, O, 6.30 11,89 10,87 14,06 15,05 15,4 14,83
Fe,0, 4,30 4,86 3.47 % 32 4 o 59 4,0 g .27
¥e O . 7.07 6.61 10,14« 8.73 9,07 8.0 14,71
deg O 25,13 10,77 16,32 Gy R 4,25 6,0 5,00
Ca O 6,08 7.69 9,07 8,33 8.08 8.6 8.87
REPYS) 1,08 2,77 0.90 1,25 1,246 2.1 0,99
K,0 0,33 0.89 0.10 2,00 3,93 3.1 2,97
H,0 3,78 7,64 6,09 1,47 2,09 2.2 1,10
i O, - 1,03 ~ 2,42 1.76 3.1 1,47
Oﬁheri

ggﬁiglt 0.33 1,06 - 0.90 0.89 - 0.36

100,63 100,43 99,90 99,67 100.83 99,9

100,12

1, Picrite, Little Assynt, Scotland, urant-¥Wilson,
11. " 8ill at Rlazkburn, Rathgate Hills, Pollard,
111, ." Anglesey, J. H, Phillips,
1, uartz-Dolerite, Whin Sill, Cauldron Snout. Yeall,
11,  Porphyritic Olivine-Dolerite, Intrusive Sill, Falaist Canner -

. ee 3
111. Dolerite, Clu/Hills, J. H, Playver, : Pollard,
17 "

Morth side of Scourie Bay, M, W, Highlands - Teall
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s5i 0, 46,73
A1,0, 10,05
¥e,0, 3,98
e O 8.20
L)
M O 9,68
Ca O 18,22
a, 0 1.81
%,0 3,76
41,0 1,24
QTi 0, 0,78
P,0, 1,93
&
other
constit
uents

11,

46.99

17.94

2,06

7 .06

3,22

7.80

6.35

2,62

0,60

2,92

0,94

111,

48,00

12,52

8.7«

1v,

44,60

13,87

.10

9,07

0.9¢

5,02

v

49,70

18,49

7.91

V.33

4,95

V1,

48,19

18,32

4,01

1,68

8,00

S, %0

1,70

48,00

1l:,30

12,03

11,02

0,19
10.60
0,49

1,32

11,

46,39

26, 34

15,29

1,68

111.

25,73

22,10

0,71

X

ol

11,46

9,26

20,38

9.61

100.93 99,60 99,83 99,83 99,44 101,00 100,20 100.82 100,03 100,21
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111,

1%,

11.

111,

1,

Shonkinite, Sguare Rute, Highwood I"ts, lMontana.

Prisson, PRull, Geo., Soc, Ame, Vol,V1, 189¢

Essexite, Salem lNeck, BEssew County, lfass, - Washington,

Jouimn, weo, Vol,V11l, 1899

Kertallenite, - Kentallen, near Rallachulish, Argyl,

Teall, Rep, Geo, Surv, 1896,

Theralite (Covite), uvordon’s Rutte, (razy s, fontana.

Hillebrand, Pull, U.S5, Geo, Surv, 1898

Covilite, lMagnit Cove, Arkansas, - Washington,

Journ, Geo, 1X, 1901,

Roralanite, Amer I!'eallan, Loch Rrolan, Ross - (, Smith,

Bucrite, £ mile ¥,HE, of summit of Allival, Isle of Rum,

Pollard, Summ of Progress, weo, Surv, 1903,
Olivine-~gabbro, cuillin laccolith, West Rank of Sligachan River
Skye, Pollard, Summ of Prog, (eo, Surv, 1899,

Troctolite, Coverack, Cornwall, Rosenbuch,

Allivalite, 70 yds, S8, of summit of Allival, Rum,

Pollard, Summ, ol Prog, (:eo, Surv, 1903,



CHARACTERS of the ROCK WORMING MINERALS,

Felspar. Orthoclase is rather rare &8 a rock-foirming

mineral of this proup. Its presence, in the ordinary

bhasic rocks of Pritain, has not heen positively

determined, although "r, Wallexr, bhoth by chemical and

microscopical analysis, has piroved its occurience in
certain contempoianeous veins in the Rowley kag
Dolerite, 7his will be dealt with in detail in a later
chapter, It will, perhaps, be well %o mention here
some crucial tests by which its pressnce can be
determined under the microscope, such as, (1) straight
extinction in sections giving rectangular outlines,

That is in sections of the zone 100:001, and (&)

sinultaneous extinction in the two halves of a binary

twin (carlsbad), when the trace of the face of
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composition lies parallel with ‘the shorter diagonal of
one of the nicols,

Chemical analyses show that potash, in small
guantities, is a normal constituent of hasic 1ocks,
This fact, however, does not prove the independent

existence of potash felspar,

mriclinic Felspars, “hese may bhe either primary or

secondary, the latter being characteristic of rocks
which have undergone metamorphism,

“he primary felspar

may occur as -

(1) Porphyritic crystals, with more oxr less

definite form, or as fragments of such

_crystals,
(2) Porphyritic grannular aggiregates,

(3) Colummar crystals giving lath~shaped sections,



(#) Irrepgular grains,

(v) As skeleton crystals and microlites,

The porphyritic and otvher felspars of +The rocks under

consideration are usually twinned in two disltinct bypes

H
most cominon type is that known as the

albite type, Here, the ywinsing avis is normal +to

brachypinacoid, which plane is also the composition

plane, Rock making plagioclase is characterised by the

frequent repetition of this twinning, so that a crystal

consists of a great number of thin plates, which when

reviewed under the miciroscope, give rise to character-
istic bands of black and white as nicols are crossed,

2 ™winnineg is also common according o
( e g

” $ . . . ' . .
Pericline Law'", %Zhe twinu:ing axis is the macrodiagonal

axis b. TWhen polysynthetic, this gives another series
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of fine striations seen on the bachypinacoid,

The porphyritic crystals often show zonal
structure, which, accoxrding to Rosenbuch "is in very
many cases simply a conseguence of repeated initerrup-
tions in growth"., In such cases it is frecuently
observed;ﬁhat the distance bstween succeeding zones is
greater in the direction of the length than in that of
the breadth of the ciystal section; a faclt which
testifies to the unecual rate of growth in different
directions. In other cases, however, a zonal structure
is first noticeable hetween cross nicols by the fact
that the extinction does not take place at the same -
time in the kernel and in the diffetent shells, but the
kernel and shells exbinguish light in azimuths. This

phenomenon is erplained by the assumption that the

Cen, 3 0] . .
tral crystal is basic and the succedding zones



become more and moire acid,

Thatl consolicdation under grrat pressure is
not favourable Lo the formation of civstals, may be
proved by some very interesting obseivations, made by
Trall in connection with these porphyritic crystals,

He noticed that the iunner zones were not bhounded by
sharp angles, ; being more or less rTounded at the
corners, whereas the erternal and, thereiore, the last
formed zones, often show a gradual appioach to definite
crystalline form, "his seems 0 show tﬁat the condi-
tions under which the devalopment of the porphyritic
crystals commenced were not favourable to the production
of definite form, butl they become more an:sd more

Tavourable as the growth progres=ed,



Distribution of the different varieties of plagiodase

in the diffeirent classes of hasic igneous rocks,

The original felspar of basic igneous rocks is
of a basic character, Dr, daughton found Anorthite
from a sample of plagioclase-aﬁéitt,rock from Calingfor
County Dcﬁn. The same mineral, but rather altered,
was found by Dr, Hedde in the gabbros of Lendalfoot, in
Ayrshire, ‘“ypical anoirthite, howsver, appsars to bhe
rare, the most common variety bheing an intermediate
composition bhsetween anorthite and labradonite,

In prophyritic‘rocks helonging o0 the dolerite
family, it occurs as individual crystals and as

grannular crystalline apggresates, which are sometimes

completed externally by a Telspar substance of a

composition somewhat different from that forming tne



intenal mass of the grains, Teall describes a variety
from Tynemouth dvke illustiating this form of occuri-ence,

The dominant felspar of the ophitic dolerites
of the Hartz have been shewn to be typical labiradonite,
composed of two molecules of anorthite and one of
albite, (Aﬁ* An, ).

From the foregoing remarks it may be
concluded that the prevailing felspars in the hasic
division of the noxrmal plagioclase rocks belong to the
labradorite-anorthite group., Al% the same time there
is evidence of the occur.ence of felspar, more acid in
character, especially at the junction line between
rocks of normal basic and normad intermediate
composition, As an iliustration, Teall cites the Whin

8ill, which has a silica percentage of about 40 and a
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sp. gr, of about 2,9, and so can be classed as a
member of the basic family, From the result of
analysis of the felspar extracted\from the rock, it
appears that the original felspar was andesine, This
rock, altnough it shows traces of ophitic texture, does
not attain this texture to the same perfection as is
found in rocks in which the felspar is 1abraﬁo¢rite.
Another point of importance regarding this rock is the
presence of bhisilicate enstatite in the place of

unisilicate olivine,

The occuricence of oiigoclase in basic rTocks
is rather rare, Nevertheless, in certain rocks of this
division the felspar gives straight ertinction in all
longitudinal sections, and is, therefore, yeferred to

this species,



Albite only occurs as a secondary piroduct,
and is frecuently present in ocks that hawve undergone
regional metamorphism,

The felspars of hasic igneous rock are often
altered by various metamorphic agencies, Though it is
sometimes difficult to det2rmine +the exact nature of
the alteration piroducts, it is found convenient to
describe them as sanssurite, - a texm first applied hy
Saussure to "a tough compact, or fine grained, light
coloured substance, possessing hardness of cGuartz and
a specific sravity of from %,.32 ¥o0 3.4". Subseguent
researches, however, have shewn that the composition of
Saussurite is not constant, but varies consi-‘erably.
The alteration of felspars by surface apencies gives

rise, under certain circumstances, to the formation of
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zeolites, Under other circumstances, it piroduces a
hydrated silicate of alumina from which the whole of
lime apd a part of soda ané silica have been removed,
These lime and silica are subsecuently deposited in the
veins of xrocks as secondary calcite and guartz.

It has been mentioned above that Saussurite
is not a definite mineral, bhut a substance of variable
composition, ¥rom investigation of chemical and
phvsical properties of Saussurite from certain Swiss
gabbros, Dr, Hunt concluded that certain waristies
might be regarded as compact zoisite. In 1883, elabor-
ate chemical and miciroscopical researches enabled
Cathrein to determine the nature of ceirtain Sagssuriﬁe.
He found that the apparently cloudy and indistinct

substance could be resolved into distinct minerals when
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viewed in +hin sections and a magnifying power of 300

diameters., These min~rals he proved %o be zoisite,

embedded in the colourless ground-mass of irirepgulai

grains, showing the twin structure of plagioclase, 1In
certain cases, howaever, the embedded mineral proved 1o
be Fpidote, showing marked pleochroism, though, he says,
no distinction can he drawn between zoisite-bearing and
epidote-bearing saussurites. A bulk analysis by the

same Author gives the following result:-

' Orthoclase - 8.0

Albite ~  41.0
Anorthite - 1.7
Hpidote - 7.6
Zoisite - 1.7
100,0

= » 3¢ . . 2 -
{:lcroscopic examilnation, however, revealed a few more
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accessory constituents, such as crlorite, actinolite,
and calcite,

The principal conclusions of Caithrein’s
observations are summed up by Teall in the following:-
(1) The so-called saussurite is not an independent
mineral, but a mixture of plagioclase (moxre rarely
orthoclase) with zoisite, actinolite, chlorite, and
other minerals occur as eessssa¥yy accessory constituents,
(2) The chemical compogition of saussurite mostly
resembles that of the soda-lime felspars. It is,
however, poorer in silica, richer in lime, and
possesses a higher specific gravity,

(3) BSaussurite is a product of the metamorphosis of

the felspar through interchange of silica and alkalies
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with lime, iron and water,

(4) The epidotisation of the felspar is an alteration
process which stands in the closest relation to the
formation of saussurite, (zoisitisation) and differs
only in the fact that more iron is taken up,

"he felspars of basic igneous rocks are rather
susceptible to modification when subjected to mechanical
stresses, 7The curvature of twin lamellae, and the fact
that the extinction under ciross nicols is not sharp and
definite, all tend to show that the lTeddpars are in a
state of strain, It is also freguently seen that twin
lamellae terminate abiuptly at the ciacks or run in
from them in the crystal substance and then disappear,
This fact tends to prove, at least to a certain axtent,

that the twin lamellation i a secondary structure.
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Angite occurs in the basic igneous rocks as cxrystals,
irregular ciystalline masses, granules, and granulair
agrregates, The larger crystals are stunted in growth
.and are usually short as compared to their width, The
smallexr drys%als, however, are gensrally elonsated in
the direction of vertical axzis, The principal cleavages
are parallel to the prismatic faces, which are inclined
at an angle of 870, so that a section across the

crystal gives a rectangular figure with truncated
corners and lines intersecting nearly at right angles.
This test is very impoirtant for all petrographical
purposes, Twinning is rather common, and when it

occurs the orthopinacoid is both twin-plane and face

of composition,



The double refraction is faiirly high and in

ordinary sections gives colouxr of the second oxrder,

The colour of monoclinic pyroxenes varies
consierably, Some are colourless in +thin section,
while othere are birown, yellowish hiown, or brownish-
violet, It has yecently be:n shewn that the brownish-
violet colour of angite is sometimes due to the
presence of certain amount of titanic acid, %he
augites of the basic igneous rocks are, as a rule, not
pleoch?oic, though certain deeply coloured varieties
do show sligﬂt pleochroism, as is found in the dolerites
from Rowley Regis,

Augites, showing good erternal form, are
comparitively rare in Rritish basic 1ocks, They do,

however, occur as porphyritic crystals in rocks of
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Rowley Rag type. As a rule, ‘the augite of gahhros and
dolerites occurs in iriegular masses, showiné opkaetic
structure, and in bhasalts it ociurs in pranules and
granulais aggregaies,

Diallage is a laminated variety of augite
(8chillerised), usually of a preenish colour, and occurs
in gabbro, The lamination is pairallel to the
orthopinacoid; it appears in thin section as fine
lines, which are very characieristic of this mineral
when viewed in thin section, The surfaces of this
lamination or psemndo-cleavage, as they are sometimes
called, show a pearly or sub-metallic lusire, cue,

P rhaps, to the presence of minute included plates and

rods,

As the result of surface weathexring, the



augites_of hasic igneous rock often change into a
fibrous or granular substances of a gireyish colour,
They are also sometimes altered into scaly chlorite,
which, under crossed nicols, shows a deep blue glisten-
ing light, This meculiax feature is common with the
older pataeozoic dolerites, and sometimes, though not
always, it forms a distinguishing feature Ffrom
similax xocks of a newer age. (Tertiary). The non-
aluminous augites, however, may give rise to serpentine,
The effect of contact metamorphism upon the
augites of basic igneous rocks is very interesting. The
augite may pass either to Uralitic hoimblende or
Actionolitic hornblende, The term Uralitic is applied

when a cryvstal of augite is changed into hormbhlende

without altering its external form, The term
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Actinolitic, on the other hand, implies tiat the

orisinal form has more o0 lass heen destroved,
Speaking o7 the hormblencde drvmloped by contact

metamorphism, ', Allport said "Like all horndlende it

exrhibits colours in polaxrized light and is dischiroic:

bult the crvstals differ in character Traon those

ocecuring in dioritr-s and other igneous rocks: nor are

they the same as those forming the itiue hornblende-

schist of the Lizard distirict, for evample, Thay have

often the character of actinolite, and are freguenily

aggregated in radiating groups, composed of flat blacded
of a bluish-green colour, and not vary translucent.

Occasionally, however, they are crystals cuite similar

to0 those in ordinary hornblende-schist'”.

The developmeni of hornblende from augite by
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préssure or regional metamorphism may now be regarded
as one'of the most definitely established facts, This
secondaxry hoinblende may occur in the compact, uralitic,
or actinolitic conditions, Diallage may be ieplaced by
irregular grains of compact hormblende, the change
comrencing from the margin of the crystal and then
proceeding inwards, until the change is complete,
The "Jralite" does not, however, form a single compact
crystal, but consists of numerous slender columns
arxactly parallel 4o one another, "Uralite" is always
green, and erhibits ‘the pleochroism of comon green
hornblende, Its sp. er., is that of comwon hornhlende,
It appears that, in the process of
"uralitization", or transfoimation, a part of the lime

separates out, for finely divided calcite or epidote



often accompanies this "paramorphism”,

In considering the distribution of augite and
hornblende in basic igneous rock, %eall calls atiention
o the interesting point "that nothing strikes one so
much as the evident instability of the former minexral
at low temperatures, as shewn by its tendéency 1o pass
over into the latter", + 1s difficult to judege
whether such a change is absolutely depandent on such
conditions, although this change is more pronounced
in areas which have heen aifected by regional

metamorphism,

Rhombic Pyroxenes, are not very important constituents
of Pritish basic rocks, as their occurrence is rather

rare, Thelr presence has bheen noted in the gabhros of
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the West of Scotland, and in certain finnr prained
rocks of the doleritic type. As for example, in
certain portions of the Whin Sil in similar rocks from
Ratho, near Edinburgh, and Kyloyth in the Campsic Fells,
Prof, Judd has found hypersthene in a doleirite which
forms a subordinate part in the gieat serpentine dyke
in Forfarshiire. While evamining some of the Allpoits
rock-slides of Rowley kRag, I found sane ciystals in one
of the slides, which are deep green in colour and give
stiraight extinction, and so, doubtfully, may be
relegadted to hypersthene, although the characteristic
pleochroism of hyperst@ene is no%t so pironounced, I
shall, however, describe its ocrurrence in detail

while dealing with the rocks of that area, In the

rocks of gabbro family, the rhombic pyioxenes usually



occur in grains without a definite external form, In

the dolerites they show a more p-rfect form, but it is

in andesites and porphyrites that we find them most

perfectly devrloped, The prismatic angle of the

rhombic pyrozenes agrees very closely with that of

augite, In the massive varieties in the older rocks,

besides the prismatic cleavage, there iz always a more

perfect one parallel o the pinacoidal faces (010),

This last cleavage is geldom found in the ciystalg

occuring in the prophyritic rocks and lavas, Cross

sections of the massive Torms, therefoire, are traversed

by a double system of cleavage ciacks apparenily inter-

secting at right angles, and biseciing each other’s

angles, "It is not unlikely", says Rosenbuch, "that

the pinacoidal partings in some cases coriespond to



gliding planes, and are the result of mountain pressure,
while in others they are brought about by the inclusion‘
oF foreign substances". In adcition, an irregular
cracking, approximately at right angles 1o vertical
axis, is sometimes observed, and it is along these
cracks that the decomposition of ‘the mineral senerally
takes place,

The Rhombic pyirorenes may be divided into
three sub-divisions, acrording to the percentage of

iron (¥eO) they contain:-

Enstatite - with less than &% o7 ¥eO
Rronzite ~ o to 14% of ¥eO

Hypersthene -~ above 14% of ¥eO

The Orthorhombic pyrozenes hecome transparent in

various colours, ac:rording to the bosition of +the



section and to the iron percentage., ZInstatite is

almost colourless to greyish or vellowish-white;
bronzite is yellowish t0 greenish; hypeisthene gieen,
light red, ox brownish-red, The incdex of refraction
iz high, and appears to increase with the iron
percentage; hence the marginal total reflection is
strong, and the surface distinctly rough,

The double refiraction is weak fo:» members of
the series poor in iron, Hence the interference
colours are low for enstatite and bironzite, - not
exceeding yeliow of the 1lst, order, For hypersthene
they are noticeably higher, reaching red of the'lst.

order in sections which are not too thin,

Olivine,

This mineral plays a most important paxrt in

the basic eruptive rocks, It forms either well-
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developed crystals and incipent forins of growth, or

trregularly defined rounded or angular grains, oY

finally, granulai aggregates, Well formed crysials are,

however, rare, When they <o occuxr thev give rise to

L
sections, which are remarkable for their symmetry,

These sections are six sided, anfi the terminal Taces

meet at an acute angle, PTwins are of rare occurience,

the twinning plane bheing (011),

Its chemical composition is Z2(i'g, ¥e)O, Si O,
In normal olivine the amount of Terrous oxide is

generally less than 16%, The more Terruginous varieties

are called hyalosiderxite, %This is the case with some of

the olivine in the dolerites of Rowley Rkegis ana the

West of Scotland, Lastly, those with predominating iron

percentage are called fayalite,



Olivine may be colourless, yellow, oI
yellowish brown. mhe depth of colour is a good indica-

tion of the amount of iron present,, Varieties, which

are not too poor in iron, become permanently red on
being heated to redness, and then exhibit moire ox less

distinct pleochiroism; otherwige there is no appreciable

pleochroism, 7The index of refraction is high; hence

the relief is considerable and the surrace

decidedly

rough, "The double refraction is very strong, and the

»

interference colours, even in cuite thin sections, are

of the 2nd, anéd 3rd, order,

The outline of the cirystal sections often
exhibits a decided rounding effect with variously
shaped loops as the result of corrosion by the magma,

¥rom the same source is, perhaps, due the deep reddizhs
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brown colour in the marsin of some crystals in the
dolerites near Porivrush, while the interior of the
crystal is cuite colourless,

Olivine, in this section, is readily acted
upon by hvérochloric acid, with the separation of
gelatinous silica, Ry this methoéd it can he disting-
uished from some pyroxenes with which it may bhe
confusecd,

“According o0 Rosenbusch, olivine may he
distinguished in three different kinds, in accordance
with its mode of occuirrence: (1) "olivine of the
granular eruptive rocks, (2) olivine of the porphyritic
eruptive rocks, and (&) olivine of the crystalline
schists”,

The olivine of the granular eruptive rocks,

as it occurs in olivine diabases, olivine gabiros,
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olivine norites, and peridotites, and as it is found
in the older segiegations of the volcanic rocks,
exhibits no perfectly regular crystallographic boundary,
Iv is always evident that it is oldexr than the other
silicates accompanying it, and from the natwre of the
decomposition processes, it is clear that very ferrug-
inous varieties 4o not occur, These olivines enclose
crystals of magnetitve, ilmenite, apatite, and chromite,
In many gabbro and norite occuriences thev are crowded
with nnedles and tabular miciroscopic interpositions,
which are arranged parallel to the three pirincipal
sections and possess a metallic habit; they appear to

be ti anaferous iron compound, Fluid inclusions are

not infrecuent,

The olivine of the porphyyritic eruptive rocks
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(melaphyres, basalts, basanites, nepheline, and

leucite-basalts, limburgites), belong to the smecreiions
of the first period of consolidation; their crystall-
ization immediately followed that of the apotites and
iron ores, and preceded that of mica ané bi-silicates,
Hence, it appears in crystal forms; which, however, ale
very often disturhbed by subsecguent cor osion, Pockeis
and inclusions of the ground mass are very characiteris-~
tic of this wvariety of olivine, as are also the glass
inclusions of manifold shapes, irregular inclusions of
fluids, among which is licuid carbon-di-oxide, and
interpositions of the older minerals associated with it,
especially magnetite, ilmenite, chromite, and picotite,

Ferruginous varieties are very common in these rocks,

Here also are found skeleton crystals and incipent
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forms of growth which are found in glassy rocks,
which only reached incomplete crysitalline devaelopment;
they often enclose remarkably large portions of the
rock glass arranged symmetrically, Indications of a
second generation of olivine crystals in the
porphyritic erupiive rocks are rarely found, Olivine
appears as an accessory constituent even in irocks of
the tachytic and andesitic series, cuite rébh in
alkalies and poor in bivalent bases,and of‘ten stands
peculiarly correlated o orthorhombic pyirovzenes,

In the Archaean iocks, olivine is sometimes
an accessory constituent, sometimes an essential
constituent in a series of rocks which occur in the

form of inclusion., The olivine of these rocks has the

same habit as that of the granular eruptive rocks,
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The alteration of olivine is very interesting
on account, of the manifold products that it glves rise
to. Rosenbuch enumerates tvhree different processes:-
(1). Due to generai weathering, water, orygen, and
carbonic acid, leading to the formation of éar%onates,
silica, and limonite, with a variable amount of
serpentine, "his serpentinization may possibly be the
first stage in this process of alteration, The
invairiable presence of a certain amount of calcite
rather suggests as though this process of alteration
was accompanied hy impiregnation,

(2) "he second process, which ig hy far the most
common one, is the alteration of olivine %o serpentine,
The change starts at the surface, along cracks hy Uhe

formation of yellowish-green fibres, accompanied by the

separation of masnetite and other iron-oxide, The



fibres stand perpendicular to the cracks, thus giviné
rise to a net-like appearance, As the process advances,
new cracks are formed along which serpentization
continues until all fraces of the orisinal mineral are
ohliterated,

Although the serpentization off olivine in
many cases may bhe a simple act of weathering, vet in
others it is probable due 0 the action of warm waters,
The ferivic oxides produced from the decomposition of
highly ferruginous olivine (hyalosiferites and
fayalites) may secondarily pass into hydrous omide of
iron, This latter change may sometimes impart a
pleochroism to the olivine which did not previously

exist,

(3) The third process is the alteration of olivine %o

amphibeole; it is confined to both schistosk and
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eruptive rocks of pre-cambrian age, It has, however,

be:n shewn that this alteration is dependent upon the

mutual influence of olivine and the adjacent rock

constituents, "“he profucis of alteration are first
D

confined to the periphery of the olivine, and advance

from here inward, "he needles of the amphibole

minerals which may be ireferred o a conglomeration of

tremolite, actinolite, and anthophylite, stand at right

angles to the boundary of olivine, and arrange ithem-

selves in several zones, dif’ering in colour, %o the

same gyroup or observations may be added the phenomenon

of alteration of olivine to a '"felt of amphibole

needles", with an admimture of chlorite or serpeniine

and magnetite, which is often called ’?pilite?,
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Hornblende, This mineral occurs as an original ané also

as a secondary product in basic eruptive rocks,
Original hornhlende is comparatively rare, Rasaltic
hoimblende is almost always wcll crystallized; when
in more or less rounded grains, it is evident that the
crystalline chairacter has been either lost through
mechanical processes ox hy the action of magma on
previously formeéd crystals, The forms in the zone of
vertical axis are those of prisms (110), the
clinopinacoid (010), and sometimes orthopinacoid (100).
The crystals are usually elongated along the vextical
axis and terminated either by clinodomes or by basal
planes (pinacoids 001), The prismatic angle is about

-]
124, Cleavages, parallel to prisms, are very pronounced

so that, in cross section, the two sets of cleavages
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appear to cross each other at 124fand.56f This forms
an important diagonastic character for the deitermination
of the mineral under the microscope, when definite form
is wanting., Longitudinal sections show parallel
cracks and pive extinction angles varving fiom 02 when
tlie section is parallel +o the orthopinacoid (100), +o
20 ox less, when the sectlion is parallel to the
clinopinacoid (010), The optic awial plane is also the
plane of symmetry., The crystals are Lwinned in such a
way that the orthopinacoid is hoth iwin plane and face
of composition,

It occurs in a delerite from Mecropolis Hill,
Glasgow, In some Warwickshire basic dionites, Allpord
Tound hormblende, showing ophitic structure, although
well Fformed crystals are not uncommon, In the Whin Sill

and in a "sreenstone" from Stv. !Minver in Cornwall,



brown hornhlende and augite are intergrown,

A peculiar variety is the so-called reecy
hornhlende, which consists of "approxmimately parallel
columar to fibhrous amphibole aggregates with a light
green colour and slight pleochroism, and which is
usually mired with epidote and chlorite, and is common
in certain eruptive Vrocks of the diabase family and
in many amphiboletes". In many cases, however, it may
he proved that the hornblende is of seéondary origin
and that it has been derived Trom augite (uralitic),
Common hormnblende is mostly green, The pleochroism is
confined to green tones, The rays vibrating parallel
to (@) appear yellow, those parallel to (B) yvellowish,

and the rays parallel to (¢) have a tinge of blue,

As a result of weathering, horuhlence may



change into chlorite, with the secretion of epociote

or calcite and guartz., Since chlorite may further alter
into a mixture of carbhomates, clay, limonite, and
cguairtz, it is eviédent tha% psendomorphs of these
minerals may he formed after amphibhole, =ze hornhlende

hecomes fibrous Auring chloritization,

lagnetite gn& Tlmenite, Oxwides of iron, with a
variahle amount of titanic acid, are almost always
found in hasic erupitive rocks, They occur as crystals,
skeletons, and grains, When in crystals, the
predominant form is octahedron, twinning ac: ording to
the spinel law, the twinning plane heing the octahedral
face, Simple crystals sometimes grow in a parallel

position., In rocks which contain a glassy hase, minute

crystals and grains of magnetite are often seen o bhe



arranged in straight lines so as %o form 10ods,

JIJlmenite occurs in irregulalr masses, butb

sometimes it ocours in beautiful herapgonal tabhlets, as

is found in the dolerites of kowley Regis,

Rlack lMca, A hycdraterd silicate of alumina, iron,

magnesia, and potash, Undexr tic micioscope the mineral

appears in plates, scales, and lath-~shaped sections,

the latter showing intense pleochiroism, (pale vellow &0

chestnut brown and black), The principal absorption

takes place when the long axis of the lamella, or ‘the

trace of the cleavage, is parallel Lo the short

diagonal of the polarizing nicol,



giructures in isneous rocks may he classified
primarily into two groups:-

(a) Ifacroscopic, or structures which are
recognised in the field, They are often developed on
a large scaleand are easily detected with the naked eye,
They may he called the srteinal stiructure,

(b) Idcroscopic, ox stiructures so finely developed
as are only recognisable under the microscope, It is
sometimes called the micro-structure or simply the
texture of rocks,

(a) The macroscopic or the evtsrnal sitiructure of
rocks, Igneous rocks are, as a general rule, said to

have a massive character in contradistinction to the

bedded character of sedimentary rocks, There are,
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however, erceptions, as in +he bedded lavas, where the
different hands represent distinct 6utflows. Again,
the diflerential movement, of the different parts of a
lava flow in a plastic condition may produce what 1is
mown as ?’fluidal? oxr flaw stiructure on consolidation,

Shrinkage or conzolidation from fluid to
solid may dewvelop ?joints?, which are so common in all
igneous rocks, Sometimes these joints are developed in
moxe tharn one plane, giving risé to tiriangular,
guadrangular, pentagonal, anc hexagonal prisms, An
admirable illustration is afforded by the hasic rocks
forming the noted Giant’s Causway,

When ar igneous rock contains a number of
more or less spherical or elliptical cavities, due to

the escape of gases and vapours during the process of
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cooling, it is said to be vesicular, When the vesicles
are numerous, as in pumice, it is said to he pumicebus
or scoriaceous, The cavities are sometimes filled with
secondary minerals, which are then called amygdules
and the structure amygdaloidal, Amygdaloidal structure
is typigally found in volcanic and hypabyssal 1ocks,
and not in plutonic rocks, although in some granites,
which have consolidated under comparatively low
pressure, aie found small irvregular cavities, from
which project well shaped crystals, %This structure is
known as miaxrolitic oxr ?drusy’ structure,

Some granites show dark coloured patuches, -
‘the heathen of cuarrymen, These are prohably, in many
cases, due to the segregation of hasic constituenits in

the earlier period of solidification, PRut in some
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cases, especially when occurring in the marginal part
of the intrusive mass, they are, undoubtedly,

included fragments of foreipgn materials, caught up by
the magma during the intrusion, Sometimes these dark
patches occur in such abhundance that, by their paraliel
arrangement, they impairt a banded or gnaisose struciure
to the irock,

In some rocks, the surfaces of separation
appear to form large concentric shells, ©This charactexr
is particularly characteristic of the rock known as
phonolite, which has a tendency %o split into slishtly

curved plates,

(b) Microscopic Structure of Tevture of Rocks:

Seelion

A thin surfeee of a rock, when evamined under the

microscope, appears to he composed either entirely of

Crystals, w crystals mived with slassy material, =~ or
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envirely of glass, and ac.ordingly the rock is said to
be either crystalline, hypo-~crystalline, or glassy,

The inteirmal struo@ure of a rock depends on
vhe relation of the crystals to one another, or the
crystals 1o the ground-mass, if any present,

Rock magmas, when solidifyins under conditions
which allow of a slow cooling process, have time enough
for the molecules 10 arrange themselves into definite
mineral hodies, thus producing crysitalline or hypo-
crystalline tevtures, When such conditions are absent,
as when the magma cools rapidly, the production of
glass results, Thus, 1% is guite natural, that, in
nature, we should meet rock masses similar in
composition, but widely varying in texture, deponding

on the process and environment attending the
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consolidation, Again, for the scme veason, it is

egually reasonable to evpect a continuous gradation
between the two extreme isrtures, - crystalline and
vitreous,

Vitreous oxr glas:y material, +though apparently
devoid of crystals, are not entirely so, as is proved
when a thin section of such a material is evamined
uncer the microscope with a high power, Scattered in
the ground-mass of such a section aire seen numeirous
minute spherical, rod-shaped and hair-like hodies,
which can be described as the first stage towards
crystallization, %hey are not actual crystals, as they
do not react on polarised light., Theyv are generally

called crystallites, although some varieties have got
specific names, ~hus round bodies are called globulites

rod~-shaped ones, belonites, and coiled ones, trichites,



. 104,

Resdies the crystallites theire are irod-shaped
hodies called microlites, They dif “er from crvstallites
in that they I=act on polarised light, and can he
referred to some cdefinite minerals, They can bhe
described as an intermediate stage hetween crystallites
and the formation of actual crystals, Anothexr very
interesting texture, the spherulitic, is found in hoth
volcanic and hypahyssal rocks, although it is in the
riyolites and pitchstones that spherulites of great
prefections are met with. The essential feature of
spherulitic structure, according to Iddings, is
crystallizavion ahout a centyxe oir anout a numher of

neighbouring centres, with a radiating or divergent

arrangement,



All spherulites can he ivided into two
groups :-
(1) When the fibres are composed of a siraphic
intergrowth of felspair anc cuariz,

(2) Wkren the fibhres are chiefly composed of

Telgpars.

A Chanackreste of
Group (1)ainetudes- some

acid hypahyssal rocks, to which Rosenbhuch has given
Sphellfes
the name of granophyvre. Similar cheracteristics are
also met with in rhyolitic lavas and pitchstones,
Harke: 1s of opinion that a magma having ettectic
composition, when consolidated not too rapicdly, has a
tendency 1o produce radiating graphic texture of this
kind, Under the microscope such a terture is

A 4

characterised by "black cross effect" when the nicols
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are crossed, %he spherulites of group (2) are chiefly
found in acid volcanic rocks, The larger spherulites

of +this nature, often measured by inches, are always

of a complex nature, the raciation starting from
different centres. (Harker, Ioneous Rocks, pp. 2786~274)
The delicate felspar fibres are often hifurcated at
their ends, giving rise to a tufted or plumose
appearance,

The fibrous habit of spherulites is sugsestive
of rapid crystallization from a highly supersaturated
solution, and, perhaps, this was their mode of origin,
The crystallization at isolated centres is due ©o the
local richness in dissolved water vapour, i=ducing the

viscosity in those places, “he porous nature of the

spherulites is coniiected with the liberation of steam
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in ‘the pirocess of crystallization,

Spherulites in hasic rocks are oi less
freguent occurrence than in the acid rocks, Some very
interesting examples have heen noticed hy Harker in the
tachylitic margin of dyvkes and sills among the
Tertviary Igzneous kocks of Skve, Ther are generally
very small, and thei:r true nature is much ohscured by
seconfary changes, In these spherulites, when evamined
under the micioscope, the characteristic dark cross
appears much distorted and ir.epular,

The fact that microlites are orften seen
occurring within spherulites clearly proves that they
are the production o7F the final period of solidification

or even later,

A ver: importanit structure, common to volcanic
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and hypabhyssal rocks, is the porphyiritic, Ry this is
meant the oc-urrence of some constituent or constit-
uents of a rock in two distinct generations, referabhle
to diffeent stages of consolidation of the magma,

The crystals of the earlier generation are called
phenocrysts, and usually are of a larger dimension,

In the volcanic iocks, the phenocrysis are in the nmain

of intratélluric origin, - that is, they were formed
prior to the exmtrusion of lava; while ithe ground-mass,
including the later peneration of the same mineirals,
cryvstallized afier extrusion, %hus, the two periods of
peneratvion were separated by a break in the physical

condition, nam#ly, the sudden dimunition of pressure,

ccompaniec. hy rapid cooling and Drohably loss of some

volatile constituent of the mazma,



. 109,

In Hypabyssal rocks,the phenocrysts have been f'ormed,

or at leas®t began to be formed, when the magla was
contained in the lower level of the earth’s crast, Rut,
in general, their formation and giowth ssems to have
occurred ’in place’ un’er the same conditions as the
groundmass, This is proved by the faclt that large
porphyritic crystals are often found in the centralpart
of a laccolite, whereas they are absent in +the marginal
parts, Resides, the phenocrysts in an intrusive rock
do not always conform to the direction of Iflow, but
tend to have a radial structure characterisiic of
Tormation ’in place’, In many cases they are Tound o0
contain apatite and other minerals of earliest

crystallization,

When a maema is consolidated at a greal
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depth within the earth’s crust, it is evident that ihe
rate of cooling is exiremely slow, As ciystallization
takes place, heat is liberated, It may so happen that
the liberated heat 1s greater than the heat lost by
conduction, As a result, the temperature rises until
the melting point is reached, when ecuilibrium is
established hetws n crystals and masma, and, thence-
forth, the e=isting crystals will continue Lo grow but
no new ones will be initiated., The less the degiee 0F
supersaturatvion reached, and the sooneir the ecuilabrium
established, the fewer will be the centres of
crystaliization started, an' the larger the completed
crystals, It is ¢uite prohabhle that, under ahyssal
conditions, plutonic magmas in general crystallize

S -
a2

without attaining great degree of supersaturation, and

their coarse tevture is in accordance with such
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supposition,
Plutonic rocks are as a rule non-porphyritic,

although !Michel Levy irecognises, even in normal

granitoid rocks, two distinct periods of consolidation,
v is ¢uite possible that, the whole process of
crystallization being @Iffected within a modexrate
range of supersaturation, t"e cirystals ol the first
phase continued 4o egrow until the magma was erhausted
withoult fresh centires of crystallization being set up.
Such a rock may he regarded as consisting wholly of
overgrown phenocrysivs,

It has he n mentioned bhe”ore that the micro-
structure of rocks is Jedsrmined both by the shapes of

the constituent crystals, and by the aryangement -rith

respect to one another and to the glassy bhase,
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(a) As regards the shape of the crystals:-

(1)

(2)

Then %heir faces are well developed they are

called idiomoxrphic,

When their faces are not fully developed they

are called allotriomorphic.

(b) As repards the arrangement of crystals with

respect ‘to one another, we may have:-

(1)

(b)

Juraposition, - in which case, altmouéh

subordinate minerals may be enclosed in the
preponderant ones, *the preponderant minerals
are adjacent tvo one another, This may oc~ur

asi-

An allotriomoxrphic granular teviure when the

~crysitals are without properly devaloped faces,

but are of a uniform size, It is sometimes
also called a granitic st ucture,
Hypidiomorphic granulaz texture, Similar
to (a) but crystals showing their faces

partially developed,
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(c) Pan-idiomorphic granular terture, in which

the cirystal faces are well developed,

(11) Interposition,

(a) Graphic structure (including micro-graphic
and cryptographic), In this the two minerals
mutually enclose one another by interpenetia-
tion, Pegmatites are familiar evample of this
kind of growth, A primary graphic inteir-
srowth clearly proves the simulianeous
cryvstallization of two minerals involwved, and
mayhbe interpreted as an emtactic miriture,

(b) Poikilitic or Poecilitic structure is that in
which optically continuous cirysitals of one
mineral play the part of matriv for crystals

or grains of another, which do not show

parallel oxientation,

A variety of poikilitic structure is the
ophitic, - a structure so characterisiic of dolerites,
Prof, Judd sugrests that, for the production of this

structure, the molten mass must be in a state of
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internal ecguilibrium, 7That is to say, where there is
no kind of movement, whereby strains and tensions can
he produced in the viscous matter during consolidation,
Conditions like these are hest attained in intrusive
masses ., Where the rate of cooling is somewhat more
rapid than in plutonic mass and pressure moderately
high, Once the magma is injecied between sitrata, it

remains there in a state of perfect immobility.

Porphyritic Structure: This has already heen discussed,
Prof, Judd pives the name ’glomero-porphvritic’ to

a structure in which fragments of troctolite are Ffound -
embedded in an ophivic Ffolerite, Another explanation
is,that anorthite and olivine had separated around

certain centres, and new conditions induccd the

crystallization of the rest of the magma as an ophitic

olerite,
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Orbicular Structure: in which the “efinite minerals are

prouped Tracdially oxr concentrically yound a common

centre to form spheroids,

at,ructures . due to movements:

In a rock wholly or larrely criyvstalline,
dif erential movement durins the period of consolidation

may impart a very distinctive sranulitic hahit to some

of the constituent minerals,

&

+ has heen mentioned that for the development
of ophitic structure the magma should bhbe in a state of
per’ect inteinal ecuilibrium, Judd, in describhing
the Tertiary dolerites of Scotland and Ireland, points
out that when the rock crystallized free Trom
disturhance the augite enclosed ihe relspar Crysfals;

. A fnovement
hut with contemporaneous,intricate shapes could not
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form, or were imuediately broken up, and the gugite

appears as agegregates of granules in the interspaces

between felspars,
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PERTIARY ICITEOUS ROCKS,

mhe rerion within which volcanic activity
manifested itself, Jduring Tertiary time in treat
Rritain, ca nob he strictly defined, but if restricted
1o those parts of the country where igneous rocks,
probahly of that age, now appearvat the surface, we
find that it includes the Yorth of England and or
Ireland, the Southern half and West Coast of Scotland,
a total area of moie than 40,000 scuare miles, Over
that extensive area volcanic phenomena were displayed
during an "enormously piotiracted geological time'", 8o
prolonged was the duratvion of the eruptions, that
there was enough time foi enormous iopogiraphical

chanses from denudation, and also for '"considerable
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variation in the fauna and floia alike of land and sea",
Owing, perhaps, to0 seculair terrestrial
contraction, the volcanic region underwent elevation,
with a sea of molten magma pathered underneath it,
Consecuent t0 enormous horizontal tension, the crust
was ripped open by approvimately parallel fissures, o
sooner were the fissuies formed than they were injectecd
with the molten magma fiom undernsaath, thus giving
rise to tthe numerous hasic dykes,
Where the fissures reached the surface, the
lava foirmed enoxrmous plateau, filling up the great

valleys, great parts of which have since heen denuded,

Volcanic Plateaux,

“he superficial records of Tertiary volcanic
action have been, hy the action of enoimous denudation,

Teduced to hioken and isolated fragments, The chief
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volcanic “ract lay o the west in a broad and longs
depiression, that stiretched from the south oi Antrim to
the Minch, - covering an area of 250 miles X 20-0
miles, or the outhurst was limited o this compara-
tively small area, Similai rocks are rfound in the
Faroe Islands, (losely con ected are, perhaps, the
volcanic rocks of Iceland and (reenland, (Prans, koy,

Soc, Edin, Vol, %u, DP,.79),.

Petrography, - There is a comparatively small variation)
the rocks consisting mostly of dark hasic lavas,
Intercalated hetween the lava sheets, occur lavers of
volcanic and even non-volcanic Tiagmental rocks, The
lavas irange from coarsely crystalline to a "dense

variety in which a few poirphyiritic crvstals may bhe

o] ’ ] ; s
detected"”, C(lassy variety 1s neaily absent, Most of
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the rocks are dolerites, and some are hasalts, “hey
are chiefly composed of lath-shaped clear crystals of
felspar enclosed in larse plates of augite, Olivine is
not common, bhut larse cuantities ol masnetite occur,

In a few localities there is found, inte:xr-
calated with ordinairy bhasalts anc¢ dolerites, a pale
amyvegdaloidal rock with lower specific giavity. When
evamined undeir the mioros;ope it appears to he composed
chiafly of felspar. Di, Hatch suggesis that the rock
oiripinally consolidated as a glass, poor in iiron and
magnesia, the development of felspar heing due to
devitrification, The lavas can he distinguished in

thiree distinct types:-

(1) Yassive and amorphous. — The dolerites occur

mostly in thick masses, without any structure, evcepl
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the usual iirrepular joints, placed perpendicular to

upper and under surfaces,

(2) Prismatic structure is typical of the more compact
heavy basalts, 7The rocks are tiraversed hy vertical
joints producing (a) polygonal colums, and (b) "starch
like" apgregations, as at Giant’s Causeway and at

Staffa.

(3) Amygdaloidal stiucture is developed throughout
the whole series of hasalt{s, ¥ven where the hasalis
present periect prismatic struciure, a Toot or so of
the rock at the bottom shows vesicular structure, 7The

amygdq%ﬂb are t©illed with secondaxy minerals,

Arecas of the Plateaux and suc.ession of rocks in them,

Four distinct districts are recognised ath

present:~ (1) Antrim, (2) IMull, (%) Small Isles, and
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(4) Skye., To ithese must be added Shiant Isles and St,
Kilda, Whether or not sach of them was an isolated
area of volcanic activity, cannot now be deteimined,
IL is ¢uite probhable that their present isolation is
due mntirely to subterranean movements and denudation,
(1) Antrim, - %he largest of the hasalt-plateaus

of Zritain, It has an area of nearly 2,000 scuare
miles stiretching firom Lough Foyle to Pelfast Lough and
from Rathlin Island %o "beyond the southern margin of
Liough Meagh'", 7h® basalts lie on white chalk, and in
Places over Lower Carvhoniferous, The existing thick-~
ness of hasalt in Antrim is about 1,000, An khorizon
of tuff occurring in the hasalts dibide it into an
upprer and a lower division, The lower division, which

is about 400”7 -~ 000”7 in thickness, is distinguished hy



celluloid and amyedaloidal structures, The upper
division, which is also about 6007 thick, rests on a
feirrugenous bhed or sometimes directly on the lower
division., Thr lower part of this division forms the
celebrated Giant’s Causeway, “he peneiral chairacter of
hasalt is more frecuently columnar, bhlack, and compact,
and with fewer exzmples of the strongly amygdaloidal

structure so conspicuous in the lower group,

() Ifull, - 7This plateau, hesides the Island of I"'ull,
embraces a poition of forven, and, sitretching across
Loch Sunart, includes the western part of the peninsular
of Ardnamarchan, Thail it formerly evtanded beyond its
present limit, is indicét,ed by its margin of cliffs

and fringe of scattrred island and outliers, It

evtended as far as the Treshinish Isles, which are
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composed of hasalts, On its eastern bordei, a capping
of hasalt on th~ top of i3en Iadian in Movern, and
others further north, pirove that its volcanic sheets
once spiead far into the interior of Argyleshire, On
the south its fine range of lofty hills, with their
horizontal layers of hasalt, hear witness 1o the
diminution which it has undergone on that side, while
on the north, similar sea-walls 1ell the same +tale,

Ueikie estimates the thickness of hasalts
in MMll as 3,000 feet,, 7They are found %o rest on
Cretaceous and Jurassic rocks, The lowest heds are
basalt-tuffs, intermingled with sandy and gravelly
sediment as if volcanic dehiis had fallen into water
where such sedimen®t was in course of cdeposition,

T e hasalts of "ull have heen greatly

metamorphosed hy later intrusions,— composed chiefly
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of dolerite, gabi iro anéd granophyre, with various allied
kinds of rocks,

(3) S@all Isles, - This plateau, the smzllest and the
most discontinuous of the four, includes the Island of
Rigg, Fum Canna, and uck, Zhat the frarments of the
bed 'ed volcanic masses preserved on each of these
islands were once connected, can hardly be coubted,

The thickest mass of volcanic sheets occurs in Bigg,
where, lying unconformably over Jurassic hels, +they
attain a thickness of 1,100”7, They consist of black,
fine prained columnmair an.. amoipl-ous hasalts, more
coarsely crysialline dolerites, and dull earthy
amypdaloids with red partings, and occasional thin
hands of hasalt, - coplomerate oxr tuff, Like the

rocks at Iull, they have suffered firom later intrusions,
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(4) Skye. - This is the largest and most important of
Scot ish areas. Comprising the Island of Skye, at
least as far south as Loch Eishort, the west side of
Scalpa and ‘the southern half of Raasay, anc probahly
erxtending to the Shiant Isles, it may he reckoned to
embrace an area of not less vhan 800 scuare miles,

The rocks form prominences with Utruncated top, rising
sometimes a thousanc feet high,

The hills everywhere present curiously
tabular form that beairrs witness 4o horizontal sheets of
rock of which they are composed, 1In the district of
Totternish, tvhe basalt hills reach a height of 2,360
feet, and along the western side of Skye the Ta salts

sink below the level o° the Atlantic,
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7HE BOSSES OF CGARBRO,

When the hasic lavas had built plateaus: of

several thousand feet in thickness, another volcanic

activity took place, %this consisted in the uprise of

coarsely crystalline hasic rock, which ultimately

solidified as gabhros, dolerites, troctolites, and

picrites., Rising as huge bosses ‘through the already

formed fissures, they lifted the overlying hedded

basalts, and at times forced their way in hetween +the

strata,

Long after the formation of the gabhiros, the

subterranean action once moie ienewed and gave rise to

another outhurst, This time the materials were

distinctly acid in character, (granophy.e) and poured

out, from small cones which were pirohahly very similar
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1o the puys of Auvergene o the present day,

Following the uprise of Giranophyre, the

crust was once more ripped open and injection of hasic

dykes took place,

These Rosses are of two characters, (1) Rasic,

and (2) Acid, I shall here confine myself Lo the

description of (1).

Petiropgraphy of Rasic Rosses, There is a considerahle

variation hoth in petrographical structure and chemical
composition in the rocks foiming thesz bosses, At one
end of the series we Tind rocks, composed chiefly of
augite and plagioclase, which, ‘though wanting in
olivine, have the gmeneral structure and habit of
colerites, At the other end are mi=tures, wheirein

felspar is either rare or entirely absent, and olivine
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is the chief constituent, Retween these two «riremes
are many inteirmediate giades, of which the most
important are those containing diallage (a variety of
augite) and olivine, Zhese are the olivine~gah ros
which form so marked a feature in the central paxrts of
the great hasic hosses, That some of +the i"ocks pass
into each other can: ot he doubted, Their Jistinchbive
composition and stiucture seem o he dzpendent on theirr
relative position in the =irupitive mass, The outer and
thinner sheets are dolerites with little or no olivine,
The coarse gabhros occur in the inner portions, Jocks
rich in olivine, however, are found at the outer and

especially in the lower part,

Distrihution of Gabhros.

(a) Skyve, - Ry far the largest and most



Seclion dcross Clen-Brifle s/zowr'fzg he generd( conneclion

o the bedded Gasalls (9) dnd the gabbros (6) .
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important in wreat Aritain., Its chief portdion is that

which rises in the Quillin Hills, %The connection of
its geological structure and age is hest seen in the
section,

(»r) 7Poth in Cuillin Hills and Rum '"there 1s a
structureless central region where the rocks are moxe
coarsely crystalline, and an outer marginal helt, where
they as: ume a hed ed character ancd hecome finer in
grain,"

The rocks of Rum wexre descrihcd hy ’c¢/ulloch
as composed of varieties of "Augite-rock", Prof, Judd
ohserves '"that the great masses of gab-ro in Rum show
psendo-stratification, so often ohserved in igneous
rocks",

-

(¢) Mull, - She rock, which is a coarse-grainec
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gabhro, is distrihuted in innumerable sheets inteirposed

between the plateau basalts,
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TrRISTTE SHEBKTS AYD SILLS OF [HE PLATEAU,

v

rlosely con ectad with the volcanle Tooxs

are the intrusive shects that run in the underlying

o . ‘e e . R -+
gndimentary heds of the coumtry, The metamorphism ol
Porierush lisssic heds iz Jue 1.0 such intiusion, and

A

has already heoen refercvsed 1O,

The most importent orample of such intrusions

ocour in Fair Head, Here the gheet, canpOsed chiclly

of coarsely corystalline olivine dolrive, ant

having a

thicxness of about 24074, lies on nlac!t carhoniferous

shales, Pub, that 1% ir clas

volecanic seiries, is “emonsiistrd hy ive relation 1o The

Challx st the eastern end, It has, + .ere, hroken

thirough that rock and changed it 4o marhle, hut at Lhe



western sife tho 1ock spliliits dlusell into a ¢

shestis, and, in passing through carbonife--ocus shales,

pradually Gles away, 9Similar dintrusions exve Found all

along the Inner Hehrides iin the lower part of the

hasalt,
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dmes ahrupily Lerminated hy , furiously

enough, Lhe lavter is sometilmes found

anvangled within
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coarser variety, Tis is psrhaps due o suhsecu nt

injections in the fisswres or already formed (Jykes,
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Porphyvritic orystals occur, having their longer a i
pointed in oue directlion, thus shoviang flow surucuure

in hip scale, Yhe presence of amyggdules is interesting,
They are smaller and moire uvnifoim Than ihose met wilth
in wvolecanic vocks, As the vesuli of cooling, the dvies
are tiraversed hy transverse oraciks o more rayely, hoth
hy horizontal and Lransverse joints, As welixie

remarks "they are of considerehls ilmporiance an
interesy, in as nmuch as vhey Turnish a ready @means or

tracing a dyke, ~hen 1t runs ithroupgh rock of the zanme

(T
nature as ivsell, and algo help to throw some light on

the stages in the consolidation of the matcrial of the

Avlze",
Jderoscoplie Character. The rocks are essentially a
mizi

ure of a plapioclase felspar, pyroTene, and iron
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ovide, and sometimes olivine,
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giruciure,

(1) Holoerystalline with a 1ittle glassy

material, Shis type includes Jolerdltas and hasalis,
charactarisad hy ophitie structure and also in helng

rich in olivine, ©he ronirs are in genzral moie hasic

than the fol owing Lype,

-

() In this trere ls a marvied propoition ol

interstetial material, and ahsence 0f gphitdlc siructure

3

and

e

P
&
bR
{

Megrly veritlical; sometimes witl: a mean
inclination of shout 13°

“he Jdominant trend of the dylres is from I7,W

LY

A D)
ailt, &G 1

.
(&)
¢}

N

voIty peirslstenty in character,

fon ections hetween dykes and sills, It is cuilte

ratural to think that interbedied ipneous materials

olivine, Tecently namr d hy Rosenhusch as Wolerites.
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guartzite, Curiously enough, metamorphism has heen
wrought more by sills than by dykes, The famous rock
of Portrush is a pood example, which shows how liassic

shales can be '"porcellanised",

Relation of Dvkes 10 Geoclogical Structure, The cdykes

are remarvkabhle Tor their extiraordinary independence
of geological structure, They cut parallel hands of
pataeozoic and mesozoic rocks without heing affected as

repards tTheir trends, They cross faults with egual

persistence,
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THR BASIC IGNEOUS ROCKS OF CARRONIFEROUS AGE,

mhe volcanic history of carboniferous period
is almost restricted to the earlier half, namely, the
period represented by oarbonife?ous limestone and
millstone grit., In Ireland, in the !7idlands of England,
and further Morth in Scotland, the igneous rocks are
associated with limestone series,

The following tahle, dJrawn after Geikie,
gives the distribution of igneous rocks as regards

time during the carboniferous peiiod in Great Rritain,

Fngland, Scotland, Ireland,

Coal l'easures,
I"illstone Grit,
Yoredale Reds,
Mountain Limestone,

Lower Limestone Shales,
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The ipneous action was most intense in Scotlané, and
the sreat variety of rocizs developed there makes the
study very interesting, They were ?Yistributed over

the wide Central Valley, from the south of “ant.re to
L

r3
o
@
et

3

beyond the mouth of the estuary of the X*orth,
iemains spread as far south as the houndary of ¥ngland,
where they pradually vanish, ©ut furtker down, they
regppear again in Derb:shire,

The volcanic ac-umulations are the results of
two tyvpes of eruption, namely, (1) Plateaw:, (2) Puvs,
(1) In the plateau ispe, the materials were
discharred Trom vents oxr fissures, and which
formed enormous *tahle-lands, sometimes l,uOO’

thiclk

(2) In this type fragments of rock with some

.,a .; T T, C ) N
basic lavas were discharped from isolated
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small vents, similar to those now eristing
in Auvergne., The puys <¢id not start until
some of the wvolcanic plateauw: had hecome

errvinet,

A, Scoilandg,

(a) Plateau in Scotland, This phase of volcanic

acition was eospecially characteristic of the carbhonifer-
Se of lad

ous period in the south of Erglawrd, »ut does not apprar

elsewhere in the same system in Pritain, On the whole,

preceded the Puy type of eruption, although, in the

fidland Valley of Scotland, the two itypes appear 1o have

heen contemporaneous, at least for a short period of

time,

Distribuiion, RFocks derived fram this type of

ann 1 ), -3 b :
2ruptlon are Tound to form plateau o (1) Z1lyde, (2) The
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Fast Lothian or CGarleton, (8) i"id-Lothian, (4) Rerwick-
shire, and (&) The Solway, The materials Torming these
plateaw: are chiefly andesits and altered popirhviiies,
At the hottomof rlows, however, and consec uently the
first products of ithe outflow, are rocks vhich are
distinctly hasic, Of these hasic lavas the most
conspicuous eramples may bhe seen at Arthurseat, falion
Hill, and Ciaiplockhart,

Some of the rocis of warleton plateau have

been analysed hy J, 5, wrant-Wilson, with +he following

Tesult:-
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Kippie Law Hailes Castle Ifarkle Quarry

sp, g7, 2.8 sp. er. £.76 sp, er, 217
91 0, 46,01 49,07 49, o4
Al,0, 19.19 19,43 22,23
¥e,0, 0.91 10, .8 9,00
Fe. O 6.7 2.30 1.12
Jm 0 0.19 0,32 0,08
Ca O 8.68 7.87 7.19
g 0 6.81 “, 56 £,80
K,0 1,20 0.98 1.81
a2 0 9,87 5,61 “,06
H,0 .07 2.26 5. uo
rotal 101,08 100, .3 101,30



At the close of carboniferous limestone
perioc, the eruptions of plateau-iype had ceased, anc
were fol:owed hy the Puy type, These were small
volcanic cones, which threw out, in most cases, merely
twuffs, though in & Tew cases they poured Torth lavas
and piled up volcanic idges, Uhr evidence of these
less vigoious actions are found by:-

(1) Contempoiraneous sheets of hasaltic lavas and
layers: of +tuff intercalated in the selimentary
deposits,

(2) by necks of tuff, avr lomerate or dif‘erernt
lava-Torm rock, and

53 By siils, bosses, aud aviEcs,
5 9

"o chief clharacteristics which distinguish

tizem from those of plateaux are "the comparatively

small thiciness of the ac umulations usually formed by
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+hese vents, their eytreme local chal-acter, the
numerous distinct horizons on which they appear, an-

the ultimate way in which they mingle and alternate

with the ordinary carhonifeious strata', (Ancient

“olcanoes, weikie, p.al<),

(») Distribution of Puy Uype.

The basin of Firvh of Forth may be taken as
a typlcal area, Thers are ahundant traces, hesides, 10
the West of Pentland Hill,

The rocks of this type have heen classified
on petrotomical srounds after a careful micioscopic
eramination hy Prof, Watts. The preat majorivy of +the
rocks are dolerites and hasalts, They may he divided
Primarily in two divisions, -~ (1) Tocks with olivine,

and (2) rocks without olivine, Hach division again may
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be subdivided into (a) dolerite group, with ophitic and
sub-ophitic structure, and (h) hasalt group, in which
the groundmass is made up of felspar and granulax
augite; the idomorphic augite helng cmhed.ed in
Télspar substance,

The term '"sub-ophitic" is used hy Watis in
the sense that the augiis sirains are neithor very
larze nor very continuous, optically, and that they
rarely contaln entiire felspar crystals embedded in
them, merely the =2nd o™ the Erystal as a iule

penetratin~. in vhem,

Olivine-dolcrite, wenerally pophyritic, Phenociysts

of olivine, or of hoth olivine and felspar, In all

cases the giroundmass is sub-ophitic,

Olivine hasalts, Porphyritic crystals of olivine,
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augite, and felspar, or of olivine and augite, and in
some cases only of olivine, %he groundmass is made of

idiomorphic or granular augite and lath-shapecd felspars,

Olivine-fiee ~olerites, Melspar, augite, magnetite in

coarse prained aggreegate; usually with ophitic or subh-

ophitic structure, w«ioundmass not plenviful,

3asalts, ¥Finer grained rocks, generally with a
porphyritic ingredient and much scattered inteistial

matter in the groundmass,

The great majority of the Puy-lavas helong to
olivine hearing series: A few of them are colerites,
hut most are “rue basalts, The rocks show a variety
of structure in the field, Some are solid, compact,

black rocks not infrecuently columnar, and weathering
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. . e o granular
into spheroidal forms, QOthers have sanewhat g

- ] * 3 :\rf
structure, weathering into brown amyzdaloids, {fany of

Y
i
<A

—_

"
~ Fas

them erhibit slapgy stiucture at their upper ere

undexr suxrfacos,

mhe preater numbher ol hasic sills, hosses,
and dykes associated with the puys are folerites without
olivine,

The non-olivine hearing nasalis are Tound in
various hosses and sheewts in the hasin of ¥irth of
¥oith,

The vents oi Puys are not so numeirous as
those of Plateau”, They are sometimes arranged in
lines suggestive of fissure underneath, RuUt in other
cases thrRy are grouped irresularly. A remarkable

instance of the former case is made hy the chain of
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necks which eriends from the vale of the Tweed at

'ehrose souvh-westwards across the watershed and down

I,id esdale,
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NORTH OF ENGLAYD,

Dyxes, - “he (roat Whin 8ill,

This intrusive sheet can b»e traced in the

carnonife:-ous limestone rTrom Farne Island southward to

Rurton fell, - a distance of 80 miles, It lies

parallel with sedimentary heds with great regularity.

Its intermal structure, and the wondeirful uniformity

in its charactrer, mark it out as a typical intrusive

sheet,, Along its main outerop the sill dips gently

eastwards velow the portion of carhoniferous limesione

which overlies it, weikie is of opinion that the "sill

has heen intixuded in th~ carboniferots limestone over

an area of 1,000 scuare miles,

“he sill is composed of dolerite anc d¢iahase,
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It is coarsest in terture where thickest, and finer
girained towards its upper anéd lower surfaces vThan éﬁ
the centre,

The main body of the sill is a sheet
varying in thickness ifrom 80 - 100 feet, It occasion-
allyudivides, as at ureat Ravington, where it appears
at the surface in two distinct heds separated hy shales
ansl limestones, Although it appears Lo lie parallel
with heds ahove ahd helow, yet in its journey from one
end to the other, it passes transsressively across
considerahle thickness of strata., (Quart, Journ, ueo,
goc, Vol, %2, Uopeley and Labhour),

The Whin sill appears to thicken in an
easterly and north—-eastsrly direction, Where the sill

hifurcates. the hianches unite towards tle east or
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north-cast, %his, perhaps, sug ests that the sill was
intruded from that direction, Another cause, which
supports ‘the same conclusion, is that the sill
ciminishes towards the west, as in Weardale, and
finally disappeaxs,

Are., - The sill cuts some of the younger heds of
carhoniferous limestone series, and so must he younger
than those, It has heen af’ected ecually hy faults
whick cut tire carhonifierous heds, It is therefore
older than those dislccations, s striking general
parallelism witvh limestone and shales proves that 1t
was intruded before the Tocks were much “isturbed from
their parallel position, 3But the manner in which the
intrusive rock, when folded, has involved the limestone

and shales, seems %o indicate that the rock had



1ok,

already solidified and lay under preat pressure,
Considering +thnse points, Geikie is of opinion that
the intrusion took place sometime late in the

carboniferous psriod, (Anc, Vol, 11, Dp.8).

Petrosraphy. The prevailing type of rock 1is distinctly

crystalline, (coarse gmained) and the general structure

sub-ophitic, It is chiefly composed of plagioclase,

pyrozene, anc titaniferous i1ioun ore, The augite

crystals, though somewhat ir egular, are iwinned, anc
pairallel growth is common, Diallagic laminations axm
sometimes detected in hasal sections, The felspars
helong, on the whole, to one generation, porphyritic
crystals heing avhsent, The iron-ore is hoth megnstic

and titaniferous, prohahly an intergrowth of megnetite

and ilmenite, Olivine is absent, bhut its place is



Jloo,

taken up by rhombic pyrorene, It is a green Iihious

variety and is prohahly "Rastite', Though not of

common occurirence it is hy no means rare,

The specific gravity of the rock varices from

2.9 to 2,98, Analyses hy Teall give the Tollowing

result; -
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1, 11,
si 0, 01,22 <0,71
mi 0, 2 .42 1.92
A1,0, 14,06 14,78
Fe, O, v, B2 S .02
Y¥e O 8.75 8,9
m O 0.16 0,91
Ca O 8.9d 8.21
e 0 G, 5.90
K ,0 1.2 1.39
Na, 0 2,00 2,76
H,0 1,28 1,78
0, 0,19 0.25
P,0, 0.20 -
Fe S, 0.49 -
“otal, 99.67 100,48

1, Whin Sill, Cauldéron Snout, Durham,

r 1 i Lati i i
11, Crapgs near Roman Station of Roargoviens, Morthumberland,
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DERPYSHIKEE TOADSTONE,

For a distance of ahout 1.0 miles souti: orf
the (Ireat Whin Sil1l, no carbonife™ous igneous rock is
xnown 4o occur, Further south in Derhysitire we mecy
the '"toadstones", Here, hy a preat anticlinal fold,
the carboniferous limestone is hrought to the surface,
The "toadstones" afford a splendid ervample of suhmarine
contemporaneous volcanic action, As they oc ur
intercalated amongst vhe limestone heds, they are
exposed only where these limestone covarings have heen

sufficiently denuded,

Distribution., Thrre are two well-known erposures,
(1) %The northexrn one, which is atwaxs also of

larger area, spreads from CTastletvon o Sheldon,
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(2) The southern one ertends Ifrom Winster to

Kniveton,

"™e lavas and sills of these aireas have
heen divided hy ‘T, Remrose into +hree distinct groups:'.-

(1) Olivine dolevites, These, the most ahundant of the

series, consist of augite in grains, olivine in
idomorphic crystals, plagioclase giving lath-shaped
an< tahular sections, and magnetite o ilmenite in rods

T grains,

(2) Ophitic olivine-~dolerites, Consisting of augite

in ophitic plates, forming the grouncmass, in which are
emhedded idomorphic olivine, plagioclase, and magnetite

or ilmenite,

(8) Olivine hasaltls, 7These rocks are distinguished

-

hy containing crystals of augite and olivine in a
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groundmass of small felspar laths, pgranulaxr augite

and magnetite oir ilmenite, with very little

interstial matier,
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IRELAYD,

Carboniferous deposits cov r the greater
part of the suxrface of Ireland, ancé although numerous
sections have heen laid »are, »Hoth hy natural and
artificial means, 1t is only in one area, uear
Limerick, that undouhted contempoirauneous igneous rocks
have heen detrcted, A sacond area of doubtful age,
however, oc~urs in King’s C(ounty, From the ahscnce or
more occuirrences of izneous iocks, it can he argued
that violeni, ignrneous actions, which were so
conspicuous in Jcotland andé south-west of England, d4id
not affect the Irish axrea much cuiring the carhonifefous
time, It wil! he seen from the table that Irish
eruptions helong to the same periods as those orf

Scotland anc England, In the nature of eruption and
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ané in the nature ol the materials ervpted, they

closely resemble the Puy eruptions of Scotland already

cdescxribhed,

1, King’s County,

Within an area of a few scuare miles north
of Philipstown, are fowld small areas of igneous rocks
which have bhecn descrih~d as conposed of "oreen stone
ash" and "grcenstone"”, 7The chief of thesec is that
which foxrms Croghan Hill, Piercing through the
carvbonitferous limestone hed, 1w rises to a height of
769 feet ahove the level of the sca, It has a
¢iameter of ahout 4,000 feat, and in gencral appearance
it is very similar to the carboniferous ’recks’ of
Scotland, Resides (roghan Hill, there are a few, hut

smaller, ’necks? within the area,
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e materials which compose these necks are
some remarkable bhreccias composed of a pale bluish-grey
masic pumice firagments ahoutr the size of a hazle nut,
anc oc asional frapgments of the su~ounding limestone
cementaed topether hy calcareous material, <+“he mhreccias,
though veiy similar to those met in carbonifer-ous necks
of Scotland, are remarikahle in the uniform and
homogeneous way they form these neclks,

Yowhere the bhreccias are round stratified
and invercalated among the limestone, - a fact which
micght help to cdetermine ©Their Lrue reiation. In the
necks, and also through suriounding limestone, masses
of eruptive rock have hsen intruded zs irTrepular hosses

and veins, The rocks vary fiom a de=wp hlue-hlack,

fine grained hasalti, to a dolerite where the

Plagioclase is distinect,, Their prevalant stiruciture is



amygdaloicdal, I¥rom a microscopic eramination, Prof,
Watts found that some of the hasalts have a nase of
felspar anéd augite, ich in »rown mica, and that their
porphyritic felspars enclose idiomorphic crysials of
augite,

Entan—led in the igneous rocks there occurs
in the locality o (rorshan Demesere, lumps of highly
crystalline rocks, They vary from an inch or 4wo 1o a
foot or more in diameter, They must he regarded as
hlocks which must have heen caught and car ied up hy
the ascending bvasic lava, From a microscopic
eramination, Prof, Watts found traces of pgaimel,
idocrase, anc sillimanite-mineirals characteristic of
metamorphic secdimentary rocks,

On ac ount of the awnsence of anvy “ir~ct

e 1 d /.'3 'Vv- $ - . AL ~ .
viZenc vhich may connect the relation of +he rocks
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with one another, teikil~ cons .ders the following
proints in favour of putting the age of these rocks as
carboniferous:-
(1) The hrec ias have no similarity with -the
Tertiary breccias of Antrim, and so can:iot he Texrtiary.
(2) " They are not likely to be Permian, as theve
are no mown Permian volcanoes in Ireland; nor <&o they
raesemble the Permian hreccias of Scotland,
(3) They are more similar than anything else to
the carbonifa—ous »rec ia of Scotland and Derhyshire.
(4) The =maturation of +ihe breccias with
calcareous material is singular, (Considering the
thoroushness with which saturation has “aken place, it
is reasonable to think that the vents could not have

been opened long arter the formation or limestone bheds,
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"Rut iT the vents were opened on floor of the

carhonife:ous limesione sea, it is intelliginhle that

much fine calcareous silt should have found its way

downl among the intersitices of the hreccia and into the

pores of the pumice which, heing caked together within

the vent, did not float away when the sea gained

access 1o the volcanic fun:el, The effcct of

ad

subsecuent percolation would douhtless he to car:y the
pime into still unfilled cievices, anc wo impart Lo the
cement a crystalline siiructure similar o that which

has been developed .in the ordinary limestone",

(Anc, Vol, Yol, 11, »., 41).

The Limerick Area,

Occurring in an oval »asin in the

carbonifeirous limestone seiries, this area is one of the
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most compact, and foxr its zize, most wvaried and complete
of all volcanic districts of Rritain, <“he area, which
is near tie town of Limerick, i1s ahout 12 miles long and
6 miles hroad, Within this hasin, andé cnclosing a part
of !Millstone grit, oc.urs a seconé and higher horizon

of volcanic outliers of hedded lavas and tuffs,

Geikie is of opinion that the original tract must have
been 200 to 300 scuare miles, ( See Seclion)

This volcanic series imade iits appearance on
the floor of carhonifer~ous limestonc sea in the same
district which had witnessed the eruptions of upper
old red sandstone time. wmhis Furnishes an evcellent
instance of recur ence of volcanic ~energy in the same
area after a longer or shorter geological interval,

The thickness of strata which separate tie carhonifeious
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tuff fromn those of devonian age is computed hy Leikie

as 2,000 feet,



"he Rowley Hills suretch firom Dudley 10
Rowley Regis, - a ‘istance of ahoul two miles, In
places, they have a width of ¢hout a mile, Ihe hills
oc ur paritly in Worcestaishire and partly in South
Staf “ordshire,

The southern etremity of +the hills can he
r@ached {rom Pirmingham hy w, W, kallway, and is
ahout 7?7 miles from tle “ity; the northern eviremity,
which is the town or Dudley, bheing about 8 miles,

Towar”s the south, the Rowley Hills seem O
end at a point which may he oughly said, to he where
tie Rirmingham road enters the Rowley kegils villapge,
Turning towards W,E,,the houndary line seeng to pass hy
the reservoir, It then follows rather a zig-rapg

nortvherly course and comes close to the rirmingham=-
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Wolverhampton Canal, neaxr RKounds (reen, (Oldhury),
From this point the houndary line turns towards M, W,,
and can he foliowed, <throuszh Rury Hill Park ana
numerous cuar.ies, to Kate’s Hill in Dudley, From
Dudley to Rowley Regls in south, the houndary line runs
parallel to Oakham koad, After a short disression at
Tanseley Hill, il resppears near QOaxham Locdge, LYhen,
couraing south and pas "ing thiough Rough Hill and 7o
ureen, it runs further south as far as koss, From koss
it turns north and comes back to Rowley Regis,

Rowley Hills form one of the links in the
chain of hbgh land-marks, which constitute the water-
shed of Southern Rritain, This watershed Jivides the

hasins of the rivers which flow eastwards inito the

verman Ocean from those whose waters run into the Irish



170,

.

Sea and the Pristol Channel, As the direct consecuence

of its =levated position, the sur ounding country is

maxrized by the ahsence oi any impoitant or navimahle

Piver,

Rising in the very heart of the ?Rlack

Country’ to a heigpht of ahout 9007 ahove the level of

the sea, the Rowley Hills command an excellent view of

the surm ounding country,

On a clear day, looking towards the west, one

can clearly see the iounded Forms of the (lant Hills

merge into an undulating country, hevond which the hlue

outlines of the alwvesrn and Abherly Hills close the

viemn

-3

. Further o the noxrth, the famous Wrekin, with

\ 1 A \ ot e, o e > gy 8 ko RN -
the Wenloek Hdee stretching 4o the south, and the pall
of smoke Iraom the Shiropshire iron furnaces, mark the

(S84

position of a rich industrial district. Turning to the
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F,E.]the hilly country of X, Staf ordshire and Derhy-—
A TEe

skire hounds, thehorizon, w! ile towards the east, the
alevated summits of (harnwood Forest rise abhove the
sur: ounding plain, In the south, however. no
prrominent hills come in view,

Ercept Tor the hills of kowley and tl.ose of
Dudley ‘astl®e, LIe sur ounding ground is rathexr low
ané plain-like, Dotwed with in umerable chimneys of
the factories, the goneral ahsence of vegetavion,
numerous ’coal-~tips?, and the 4dirty water-logged clay
pits, together with a thick cloul of smolre continuously

hanging on the atmosphere, all coalesce in giving thie

whole sur ounding a very dismal appearance,
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PHYSICAL STRUCTORE,

A plance at the ueological ‘ap of England

shows ‘that the outcrops of the ~eological formations

form sub-parallel hands iranging across the 1Island in

g.w, and MN,B, dirvection, %“he orderly suc assion or

hands, which have a couth-easterly inclinatvion, is

twice rudely 1nter.upted hy two anticlinal folds, Ry

far the more important of these two anticlines is the

one which forms the Penine Chain, and runs Irom ihe

Scot,.ish homder in the noixrth to Derhy in the south,

This Penine anticline seems 4o terminate ahrupivly at

the valley of the Trent, Its place, however, is taken

up by four other minor anticlinal folds, radiating from

the southern extremity of the Penine (hain, HKach of

these anticlines pives —ise to important physical
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The “irst of whese anticlines foims the
highlands of 27, Sitaf ordshire and the Wrekin, and ~uis
as far as South Wales, “he second one Torms the S,
Staf:ordshire high-~lands, the Dudle;r Hills, the Lickeys,
ané runs Tuirthes south, through Worcester, into
Gloucesver, Gthe ihird runs ithrough ¥, Warwiclkshire,
and the last one forms the elevated lands of MTharnwood
Forest,

Yhe anticline of 3§, 8tarf. ordshire, which
ranges £rem nearly norih and south, has lifted up the
¢coal measures, and the posi-Uriassic denudation has
remover. the Permian wivhin the coalfields, thus
hringing the coal seams, with the ac-ompanying rich

hands of iron ore, within the easy irsach of miners,
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Where the denudatiorn was most severe, noit only the
overiying Permian has »2.n removed, hut also the coal
A -Fﬂ/mait:wﬂn’)n
measure exposing the old@rAﬁegms underneath, ost
impoitant eramples of these 2¥posures are those of

Dudley and Walsall, where the rocks of U, Silurian

hawve been hirou~ht o the surface,
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GEOLOUY,

“he oldest Tormation that is m~t with within
the avea is the U, Silurian, Rising in ¢ dome-like form
it forms the Dudley (Castle Hill, Richly covered with
woods from top o hot.om, ii stands in striring
contiast wo the surrounding dismal country., %he
Wenlock or Dudley limestone, which forms the core of
the hill, has been denuded a% the crest of the anti-
cline, e¥posing the underlyving Wenloclk shales, The
rich limestone has heen mined for ceniuries, andas the
result of pillared evcavations, artificial caves of
preat heauty have bheaen carved out of them,

In 8, Staf

E N

oirdshire district, the carhonifer-

-

ous deposits lie directly on the ¥, S8ilurian rocks, the
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0ld red sandstone heing totally ahsent, 7“he whole
range of old red sandstone, which atbt ains iremendous
thickness in 8, Wales and elsewhere, the carboniferous
limestones with iuvs marine fossils, not o say ol the
millstone grit, ~ +they are all missing; nor 1is there
arny evidence that they sver were iEPOSitﬁd, (Jukes,
Vem, 8, Staf ordshire, X11),

The carhoniferous limestones, with millstone
zirit, are fully developed in Derhrshivre, an’ can hme
traced southwairds as far as ', Staffordshire, where they
seem to thin out and cventually disappeax, Again, tihe
same beds are met with in 8, Wales, Singulariy
cnough, they too_thin out when Tollowed norilwards
towarcs the idlands, 8o we find that hetween the

thick and thoroushly marine development of carhoniferous
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limestone inh Derhyshire and S, Wales here lies a
region wheirein hoth the cirhoniferous limestone and
millstone #rits die oud against a eroup of Island, or

at least a ridge, oFf elevated land that sureiched

[S S

la i)

cross Tran the highlan”s of Wales tinrrough Shropshire,
Staf ordshire, to Leicestershire, “he present heighis
o7 Charnwood Forest, the rlvern aud the Lickey Hills,
seem to mark the position of this ridge., On tlie slope
of this ridge facing T,,the limestone is overlapped by
millstone pgrit, which again, in its wurn, is found to
he overlapped in Staffordshire hy the coal measures,

That is how we miss ‘the lower and middle carhonife:ous

n

in 8, Staf.ordzhire and the coal measures rest,
unconformab»ly on the U, Silurian,

It seems prohahnle that during the period

while cashonifierous limestone and millstone grit wer
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heing deposit~d hoth in Yorth and in South, amidst
general subsidence, this girat midland ridge manased

©vo ke p itself well out ol the surface of watler.

“owards the hepin ing of coal measures, however, it

went down hefore the encroaching sea Ifrom tie north,

“he coalfield itself is hounded twowards the east my the
"ereat eastern boundary fault', sanging from Rupseley
thirough Dudley to the vicinity of orthfield, A similar
dislooation.known as the ?Gyreat Western fault? houncs
vhe western margin of the field, This runs from ihe
(lent Hills, *through Dudley, and Wolverhampton, to

fan. ock Chase, Roth the faults »eing down rocks of
Permian and ew Red age against the coal measures,
(See Section, Also weology of P’ham District p, 864).

Yo the north the coal measures are overlaid
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unconformahly by Triassic ? peehls heds’?, It is only
in the south that ther secm 1o he fol:owed
conformahl: hy Permian ’hrec: ia’?,

Yhe coal measure is ahout 2,000 feet in
thickness, and the ~eneral succegsion in the iypical
part of the coal field is given by Professor Lapworéh
as follows:=-

(2) Upper Coal "zasures, 600 - 1,000 feet,
(¢) Spirorbis limestone group, - a thin series of red
grey an® olive-coloured shales, and
() Halesowen sandstone pgioup, vel owish and red ish
sandstones, with a few thin coal seams,
(2) Rec and sresn coal measure clays with heds of
ashy sandstone and conglomerates,

(1) Lower or true coal easures, ,00 ~ 1,000 ft,

UTley 1w 3 o % :
Y anc white sandstones with shales, clays, lronstone,
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and coal seams, Of these th2 most¢ important are:-

(f) Brooch Coal 4 Teet,

(e) Thick foal, o0 "
(¢) Heathen ‘oal, g "
(c) Ifew !Mine foal, 2 to 11 fwu,
(h) Fireclay hed, 1 to 1la £,

(a) Hotiom Coal, o feet
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JGMEOUS  ROCKS,

In association with the coal mesasures of
S, Staffordshiire occur masses or igneous rock, which on
accoount of their compairative hairiness Iorm priminent
land-marks within the coal fielg, Of these, the
most important is the *Rowley Rag?’, Those at Pariow
Hills, near Dudley, and at Pouk Hills, v, Walsall,
form othei notahle instances,

Ju¥es, in his memoir, mentioned two
varieties of ipneous irock, namely, ’hasalt’ and ’green-
stone’, A third variety, the ’White Trep’, differs
frrom the previous two only in appearance, and iuvs
ocrurrence 1is limited to the coal seams, fthig
¢if "erence, he pointed out, was due to the consolidafiion

of the same molten mateirial undex different conditions,
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Jukes descirihad the ’Rowley Rag? as a hard,
heavy, hlack, close-grained hasalt, produced hy rubh-
agneous oxr sub-awrial volcauic action, and¢ poured outl
in the form of a ’sheet of lava’?, iHis reason foir
calling it a ?lava flow? is "that on the slope of the
hill, just bhelow the hasalt, tThere occur some
consicferanle heds of tiappean hirec ia, or hrecciated
ash, containing rounced and angular fragments of
igneous rock lyins in a »hrown, rather feiriruginous
paste, that lo-kxs like the debris of a hasaltic rock'",

Ry this ?d7hris?, Jukes presumably meant the

d
hrick clay hed which sur“ougé the ’Rowley Rag?, as no
other rock of a similar description occurs in the
neighhourhood, This hrick clay hed has heen descrihed

by Prof, Lapworth as containing hancs of ashy sand-
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stone and conslomerates, Zhese ashy sandstones and
conglomerates simulate isneous rock, and considerahly
so when they are dscomposed, It is no wonder that
Jukes mistook them for decomposed ipneous ~ock, ut
caraful examination of the rock reveals its sedimentary
character,

The ashy sandgtone and conglomeraies were
prohahly derived from the same volcanic rocks to which
the Permian ’hrec:-ia? owe their origin., They seem o
have heen deposited hy acueous action without under-
going much disint~gration, In short, 1they may he
descrihed as washad out volcanic rocks., As a result
of such a treatment, one can detsct a considerahle
cuantity of igneous material in them, "The ’ureenstones’

which Jukes thought as composed of hornhlende and

orthoclase, ars syidently smaller sills made of Tine
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prained hasalts, (Watts),

Suhsecusnt ohservers, who have eraminecd the
area, all agr~e in descrihing the ’Fowleyv Rag’ as
colerites, intruded in the coal méasures, Prof, Watts
Gescribes it as a doleritic lac olite '"now only in
contact with its hase, the cover having heen totally
removed", Later ohservations, howewver, lave hean
fruitful in Aiscovering the ?cover’ in a few places,
To my kunowledge, the original discovery is due to the
el ‘orts of ', Raw, the Lecturer in the Universiiy, 7
Raw has heen succassful in detrcoting the junction in a
few places, 1In, at least, three places, I have seen

this cover rassting on the sheet of dolerite, In all

vhese instances, th’ cover happens 0 he the coal

measuire hrick clay,
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The first instance occurs in a small and old
cuaryy w«djoining, and o the south, of the piresent
Darby’s Hill Twin Quarvy, (See fap). On the southern
side of this ¢uarry, which comas rear Lo the Gipsy
Lane, a layex of hrick clay ahout 18 inches to & feel
in thickxness, iests on the dolerite, “he face of the
guarry is wvery steep, ¢nd at the place, I could with
safety, approach, I found the cover composed of sanly
material capped by pale coairse-grained and conglomeritic
sandstone, This hed is seen capping the dolerite for
ahout a 100 yards along the face of the cuarry,

Detached pisces of sandstone can he riczed up along

the foot ol the cuarm
The second instance oc:urs in the old cuarry

south orf the Rury Hil Park, at the point where the
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700 contour line cuts the cuarry, %The arposure is a
very smell one and runs for ahout 10 yvards, (See Tap),
Here sandstone occurs in hricic red cliy, which is
ahout & feet in “hciikmess,

The last e posure oc urs in Taunslery Hill old
cuarry, On the noithern side of th2 guarry, and
resting on the dolerite, is a thick mass of
conglomeratic sandstone, Larze detachsd hlocks are
now seen lying on +the face of the cuaity,

¥From the instances cnumeraved, it can he
argucC that Rowley Rag is a lac:.olite, intiruded in the
coal measure hrick oléy.

Similar instances of igneous intrusions occur
in other places 8f South Staffordshire (Coal field,

The rocks of Poulr Hill, near Walsall, and the rocks of

Bariow Hill, west of Dudley, are important eramples,
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Eal
1

The ipneous rocks of the distiricet can he
divided into three distinct groups, @c ording Lo their
mode of occurrance .-

(1) Doleriteg, which Torms large cake~like
masses, as at kowley,

(2) rasalts, which occur as smell sills, mown &8
Colliers as "green mocks"

(8) The white traps, which are metamorphosed

*egireen rocks? by their contact with coal,

(1) Dolerites of Rowley.

The dolerites of Rowley form a hip cake-like
mass, and, stretching from Dudley 4o Fowley Reeils, have
a length of ahout 2 miles, %The breadth, in places, is
about a mile, The thiclmess of the mags cani.ot he

very accurately determined, In Darby’s Hill, the Tace
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of the cuarry is cuite 90 to 100 Teet in thickness,

an® I was t0ld by the [anager that there might be

ahothexr 20 to 20 feet of ocz honeath the present level,
The Fock is peneryally mas rive, although 1

have picked up specimens along the margin of the mass

which show vesicular structure on a small scale, In

some cases, the vaesicles are filled with secontary

minerals, producing, thus, what is known as

amygdalolical structure, In the Darby’s Hill, rising

from a pool of water, “Hhe 1ock shows a very rine

columar structure, "In Rowley itsell, the columns

are singularly staxrch~like, although of very large

size", (Watts, Petrology of Pilrminpham District, p.&%9)

On weathering, the rock generally developes

a very striking spheroidal structure, The spheroids,
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vhich are made of concentric shells, are enclosed

hetween more or less rectangular joints, very

similar to0 those as arec seen in perlitic structure,
Likxr most other ipneous rocks, the RKowley

Rag 1ls traversed by Joints, These joints were 110

doubt pioduced to ease the horizontal tension Jevelopcd

in the mass during cocling, ©Fut ®here the mass has

cooled rapidly at the surface, the vertical strain was

only religsved by a &kind of exfoliation, CThis is seen,

though roughly produced, in the tLop portion o~ the

Jolerite,

Decomposition, The decomposition of the dolerite has

proceeled in a very remarkable way, In many places,

A e

the Tock ’rots’ down to dark hrick colour sanc,which are

ocrasionally found more durable spheroids, which, when
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broken, somsiimes show a “resh core, sursrounced hy

a shaly looXing ring, Again, thore are instances

where the dolerite has heen wotally discoloured into a

hirovwnish-yellow mass,

Composition, The main Body of the rock 1s a fine-

grained colerite, conitaining olivine, Where the mass

is thick, specimens from the hotiom portion show

coarser stiucture, On some oc asions I have come across
very coarse-gialined specimens, They areg undoubtedly,
the products of subsscuent injection of molten maerial
in The cracks foirmed on the solidified rock, The ook

have a hlack 40 greenish hlack colou», Samples

examined give the following results:-
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1. 11, 111,

si 0, 49,860 8.8 «9,0

Aly O, 12,740 18,1 lo,d

Ca O 8.710 8.« 8.2

e 0 4,990 “,9 “,9

F¥e O 11,380 7.2 8.2

Fe,O0, %, %60 5.0 | £.6

a, O 5,250 5.7 .0

x,0 0,270 1.9 2,6
Pitanic acid, 1,950 - £.8
Phospheric acil, 0,.80 - -
Water, 2,60 5,6 5.3

Total, 100,743 100,1 q9-4

(1) Dolerite, %, Henry, sp, ev, 2,907,

(11) Waller, ', Mat, Yol, ¥111, p.26o, The rock contains
2% of titanic acid, which was not estimated in this

analvgis,

(111) Dolerite Rowley Rag, (J., H, Player),
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Petropraphy., -he ’Rowley Rag’ “olerite is composed

chiefly of augite and felspar, Olivine, how~:ver,
oc:urs so Ffrecusntly that the rock may well be called
olivine-Zlolerite,

The minerals, zenerally met with, ar§ augite,
felspar, olivine, magnetite, ilmenite, and apatite,
Zeolites and calcite are sometimes found as secondary

products,

Augite, Generally forms idiomoiphic crystals, which

often show octagonal sections with cleavage lines inter-

secting nearly at right angles, In tahular scction,

the angle of extinetion is high, (venerally over 500).
Under the microscope the crystals appear

yel owish, pale brown, ceep hrown, very frecuently with

a tinge of pink, and, in most cases, slightly
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pleochroic, Pleochroism is not a general characteristic
of normal augites, hut it has been suggested that 1us
wraesence in the augite of Rowley rocks 1s, perhaps,

due Lo its beins btitaniferous, 7“his supposition,

however, wanbts verilication, It will he noticed that

the rock contains about 2 - 3% of Ti O (sce analyses).
Whether this is derived from augite o1 mainly from
ilmenite present in the rock,

or FIrom hoth, it is

impossible to say.
Althouph the crystals are gensrally

icomorphic, there are instances where they ars found

in irregular grainsg, In Sectlion marked 73 A, coarse

dolexrite, Hailstone dill, (Allpoxrt’s coliection,

Rirmingh: m Jniversity), *he augite occurs in large
ir.egulai» patches, and sometimes includes glassy

material, This latter is probably due to the cor osive



.196,

action of masma on the already formed crystals of

augite,

Decomposition., In most cases the augite cirystals are

fresh, In Section 74 (Allpoxt col'ection), some of the
crystals have heen changed into a groun suhstance with
the separation of magunetite, This gieen substance is
probably serpentine, In the miZs le of the same section,
there is a blade-shapnd crystal, “ecp preen in colour,
and showing pleochroism to derper tints, It gives
straight extincetion, Along its bobndary, and also
included within, arc prains of magnetite, As This is
the only crystal of its nature present in the section,
it is dif~icult to judpe the characters with covtainty.
It is very much like aegerine, hut what seems probable

is that the crystal, originally a highly feirrugsineous
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variety of hornhlence, iw@s heen metamoipliosed Lo its
prresent state hy ihe sepairation of magnetite, The
change in the opiical propaities might he due o the

change in chemical composiution,

Felspars, Tke most prrovailing are the plagioclase
felspars, Orthoclase is founc 1o a limited esrtent in
the coarser variety oif the yock, and also in the
contemporanaous veins, to he descyrib~é latexr on, The
plagioclase f2lspars se m Lo he of the lahiradarite
type., Ther occur hoth as lairge untwinned crystals, and
long slencexr cryvstals, showing polisynthretic twin ing.
In Section "73 A (Coairse Dolerite, Hailstone") a large
untwinnec crystal of felspar shows numerous inclusions
of apatite ne dles, whicix s¢ m to bhe arranged parallel

to the longer axis of the crystal, RPesides, inclusions
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of aupite and glassy maiuerial ave also noticeahle, In

the same section, some of The felspar crystals are

(QRISY

L.

distinctly "schillerizec",

In a section from the same locality (74 A),
the felspai crystals are unitwinned, an’ may he ortho-
clase,

Undounted ortroclase, however, occur's in the
contemporaneous veins, Here, the falspairs are saen
under the microscope to he either simple individcuals
or hinary twins, The stiriations, so com-on in
plagioclase, are ahsent, ’'fTany of the bhinary twins
extinguish simultaneously, when the trace of the face

of composition lies parallel with one of the vibration

planes,



Olivine, Ocrurs as an original constituent, he
crystals, whether occurring as phenocrysius or forming
the groundmass, are rowmlced and irrogulaxr in shape,
In the same section, some of the crystals appear
perfectly fresh, and others in different suvares 07
decomposition, (8~c, 71), %his cleaxrly shows how
irrepularly decomposition procee  ds in twhe mass 0or the
rock,

Allport, in describing the Pritish carhonife:r—
ous dolerites, mentioned five distinct xinds ol
psendomorphs after olivine, name&ly, those composed of
(a) serpentine, (») chlorite, or chlorophieite,
(c) hematite, () calcite, and (e) zeolite,.

Zeolites an” calcites certainly do oc:ur in

Rowley rocks, hut only as secondary minerals, and not
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as psencomorphs afiter olivine,
In Seciion 70, described hy Allpoirt as
>RParalt’ from Rowley, the larger crystals of olivine

have heen completely chanred 1rto sorpentine, and under

ol C L
cross nicols it is clnarly visihle how this chanpge has

takern place along cracks, It seems prohahle that the

change of olivine into serpentine is accompanied hy an

increase in volume from ahsorpuion of water, As a

consecuence, th’ crvstals aie tiraversed hy irrsgularm
cracks, along which, as well as from the surface of

the crystals, decomposition procer ds o more compactd

paxris,

In Section 74, some of the olivine crystals

are seen 1n dif'erent stages of docomposition;

are only partially chapged sither Lo a gre nish or

brownish substance, wlile others have been completely
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changed into a de>p hrown subhstance, These seem 40 bhe
psendomorphs of hematite aftar olivine, as they show
pleochroism and have straigit extinction,

In most cases the alteration of olivine is
ac. ompanied by whe separation of iron-omide, which
prnerally seems to he in the form of grains of magnetite,

The olivine of the Rowley rock is often
distinctly coloured in thin section, and evidenily
pelongs to a variety eriremely yich in iron, This is
furtheir proved hy the large amount of magnetic oride
which nearly obhscurass some of the psendomoirphs of

serpentine,

dapnetite _and Ilmenite, Iagnetite 1s practically a

constant constituent of the rock, It occurs hoth as

an oripinal and a gecondary mineral, As an original
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constituent, it sometimes shows well dev-loped octagonal
faces, Twinning is sometimes noticed, and takes place
along the octahedral face,

When magnetite occuls as a secondary
mineral, it is chiefly derived Trom the decomposition
of olivine ox augite., Some of the magnetite coniains
i 02. (Phil, l'ag, Mov, 1867, «th, Series, "ol. %4,
PP, d44-~346),

in many parts of tThe rock mass, especially
in the coarse-grained rock firom Hailstone Hill,
beautiful heragonal crystals of ilmenite oc ur., The
heragonal tahlets are sometimes cuite hig, In slice
74, somc beautiful heragonal sections are observed,
In the same section oc ur ssme hlack rod-like minerals,
341 IS . V ‘ _-C, “-Q,
“hey may he either horizontal sections of ilmenite, or

merely grains of magnetite aranged in a linej; Sometimes
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the ilmenite is seewn Lo decompos~ into lencorene, -

a grey to whitish loosXking substance,

Apatite. Occurs in slender heraponal ne dles, It is

more abundant in the coarser varieties, Under the

microscope, the neadles are found onclosed in augite

and felspar crystals, and also in the glassy base,

Rut Allpoxt noited ite ahsence in olivine,

vlassy Matvoerial, 1is wicdely distvribuiad in the rock,

In some varieties the ¢uantity of glass is qguite
ingignificant, Waller det~cted some rlass in the red
contemporaneous vains, weneralily, the glass is
colourless, although, at times, the different patiches
are tinged with shades of gr-~en, Sometimes, the

plassy base shows sigrns of devrtrification, As the

rasult of decomposition, thn glass sometimes gives rise

t0 secondary calcite,
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ORDER O} (RYSTALLIZATION,

Yhe principal primary constituents of kowley
Rag are felsgspar, augite, olivine, magnetite, ilmenite,
apatitve, and a small cusntity of zlass,

Apatite is found both in augpite ancé f=lspar,

and although never found included in the olivine

crystals, 1t was certainly one of the earliest

minerals 40 crystal:ize out,

Tagnetite and ilmznite,where they occur as
primary constvituents, were very soon vo follow apatite
in the order of crystallization, Rut whore ithe
magnetite is of secondary orizin, and has hean derived

from olivine ani other ferromagnesian minerals, the

order of ciystallization was certainly ol a later period.
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The orcdei of crystallization of Ffrlspar and

augite in the kRowley kags is very interesting, FProf,

Watts remaris that "this is generally the raverse o

that usually found in +the dolerites”, “here are

instances, howaver, wheire the crystalli=ation appears to

have taken place in the normal ox’er, i,~, from hasic

The ’globular ag-regates’ of Allport is

uncoubtedly due o the eutv=ciic mivtuire of augiie and

Telgpar where both the minerals crvsiallired out

simultaneously.

30 here we have il'!'ustirations of:-

(1) Dolerites in which the “elspar has precece

thie augite,

(2) Dolerites in which the two minerals have

crystallized out simulitaneously, anc
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(%) Dolerites in which the faelspar has succeeded

the augite,

Perture of the Rock, uenerally the rrock has a

crystalline stiuciture, but in some parts it shows a
fine, micropoiphyritic uwarture, Here, comparatively
large cyrystals of Tfelspair, augite, auC olivine are set
in a fine granulair or micro-orysﬁalline hase, composcd
of the usual constituents,

A very intorestdng evample is af orded by the
rockX at Tanseley Hdill, near Dudley, “he prophyritic
constituents are lelspar, aud, occasionally, olivine,
but they can only be recognisad under the microscope,
The groundmass, which makes up ire greater portion of

of etremely minute augite

D

the Trock, is an aggregat

O

crystals, magnetite, rods of illmenite and Ifelspar,
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mhe felspar, which pracitically forms the grroundia Ss,
shows, in a few places, '"most characiaristic signs

of the mass having heen in motvion alfwer tThey weire
formed, They lie in streams, their lengths heing to
a good evient parallsl to =ach othe:™", (Wallexr, ""ia,
at).

Yhe interestine part of Tanseley d1ll Tock,
as Teall points out, is, that uwhis type of rock is not
known in the Teirtiarv hasalts or Rrivo-Icelandic
province, hut is ertremely common in the e tiary
basalts of the fontinent. (e,g, RBohemian hasalts),
(British Petrography. Iotes on plates 24 fig, 2),

In some of the coarsely corystalline patches

~

of the rock, "o, Al iporit ohserved a remariable inter-
growth of felspar and augite, which he described as

> ~, L. | T :
globulaxr aggragation’ In one paxrt of slice "o, 74
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of his collection, a crystal of felspal is seen to

contain a fairly large giain of augite, Snaller gialns

of augite, however, are se n to radiate from the

larser crystal, On using vhe analyser, all the augita

crystals are s=en Lo e tinguish simultancously, which

smply proves that they “orm par-ts oF one and the sanme

crystal, It may be montioned here that vhis taerture

is better known as ’micio-pegmatitic?, oun ac ount of

its requent ocrurrence in the pegmatites,



THE (RENSTONE ATD THE WHITHE TRAP,

"he sheets of "egreenstone" met with in the
coal field are more numeirous and avitensive 4than the
detached arcas of more compsact rock visihle ahove
ground, a single sheet heing someiimes traceabhlz in
the coal workings for c¢uite two miles in orne direciion,
They were describh.d by Jukesg as composed of orthoclase
and hoxrnblende, FProf, Waittc considors them as smal}er

>

sills of fine sirainecd hasalvs, Whern “ound away fiom

o)

the coal, they are usually gireen and app=ear ©0 be more

decomposcsd than the Rowley Rag, Their sieen colour
is, in mos®w cases, cuc¢ 1o the decomposition products,

e,2, chlorite and chlorophaecite,

In the neighhourl:ood of coal, the sills

becomne lisghter in colour, aund even whive when they



occur intersecting the coal seams, “he rock thus
changed was describrd by Jukes as the ?’white trap?,
An analysis of the trap is given in Jukes’s

memoir with the following result:-

Si 0y %8.,8%0
A1,0, 15,200
Ca O &,924
Mg O 4,180
a5 0 0,971
K,0 0,422
Fe O 1,880
Fe, B, 4,080
£04 9.320
HZO 11,010

100,073

The high perceuntage of carbhonic acid and wate™
sugrests a great alteration in the orisinal rock, r

(-'y

deducting the combined proportions of ‘these Lwo
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constituents, and reducing the remainder Lo pricantaces,

Jukes got the following result:—

Si 0, 48,8
Al,_O3 16,7 |
2o .1
Eezob S5-4
Ca O %, 8 \
,T.”.g; 0 u,2
22,0
Nagy 0 1o& T
Fe O 17,9 J
29,9

which suppests “hat the original rock war possibly very
similar to Rowley Fag, This suggestion iz further
supported hy the close relation which the ’traps?

hear 1o the rocks of Rowley and Poux Hill, At Dcepmore

Coliiexry, Year Walsall, the ’green rock? is found in

the "bot.om coal", which is hurnt, Specimens faken
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from the leasi altered parts of the ?green rock’ show
but 1it le chanpe, Under th- micir0oscops such a
specimen is seer as composed of neairly o quite
unchanged augite, plagioclase, magl tite, apatite, and
interstitial plass, O0livine is represented hy
psencomorphs of <elessite, or chloirophaeile and
chlorite, {(Allport, (,d,u.3, 1874, p,.649), Where
the rock shows amyedaloidal suructure, the amrgiules
are chiefly composed of Iibrous zeoliles and calcite,

As the roclk approaches the coal, it is found
to hecome l1ighter in colour, and, near the junction,
nearly white,

In the ?white <rap’ iiself, “he alteration is
so complete that the constituents have been totally

decompos~d, bhut their forms are so well preserved thau



they can be easily recognised under tho micioscopc,

Curiously enough, the only mineral which has suffeoraed

least frrom the ~“¢composition is Ifelspar, some crystals

of which are seen o b2 sinpularly frosh,

Alipoit thought that the alteration of the

rock consisted "chiefly in the Jdecomposition of Lhe

ferruginous silicates", “he white colour of th~ wrap

is atb vibuted by Yeall 1o he Tue 1o ’theo Tact that

carbonaceous maitter of th? coal has provenited whe

oxidation of the iron’,

Contenmporaneous Veins,

Within a few yards of +the coarsely crystalline
masses, Allmport discovered some red veins in the hlack

2

dolerite, which he “esciribed as conitemporaneous

injections, ©They can he trace: for several yards

across the joints in +the rocks, bul have no ulterior
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ends, +rhe constituents of the veins are more coarse

crystalline ‘than those of the sur ounding rock, The

veins have generally a greyish colour, hui are some-

times red; The red colour bheing fue io IJibrous

zeolites,

A sample analysed by ", Wallor rave Lhe

o Lhws

following result:-

sp, £r, = 2,08,
81 0, w8,
Al, 04 17,9
Fe, 0, 2o
Fe O 5,0
Ca O 2.1
"2 O 1,9
Na,0 el
X,0 o9
1,0 2,7

1y
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It is interesting o note that the rock has a slightly
lower specific gravity than the Lowley kag, and
contains more silica, less iron, lime and mapnekia,
more alkali, and relatively moie potash, (8S=ze analvsis
of Rowley Dolerite), In short, the rock is decldoily
more acid in compositvion than +the surirounding irock,
Under thn microscope, the velin is s2en 10
be composed of beautifully clear and fresh crvstals of
felspar, They mositly show carlsbad trpe of twin ing
and¢ polysyunthetic twin:ing is 1toivally ahvsent,
carefully selected twin cryvsitals pgive straight
extinction, which piroves that the felspax is orihoclase,
Yhis inference is in conformity with +he high parceniage

of potash present in the rock, (S22 analysis), The

angular spaces between the felspary crystals are Tillecd
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with glassy base, 'In a few places, this has a stringy,
5

uneven 100X, coming near o0 kosenbuch’s microfelfiie,
an?, in others, there is a very faint and vasu2
polarization, evidently duec, in som” cases, LO vory
fine films of felspar; Hut in others to a culte
decided crypiocrystalline characier", (Waller, T7id,
wat, “ol, ¥iii),

In rock slire o, 70, (L ontcmporancous “eln,
Rowley) augilte occurs hul sparingly, It has a green
colour instead of the usual brown colour of thosc in
th~ normzl rock, The vein itsel” has a 12¢ ish colouxr
owing %o the pirzsence of a large cuantity of fihrous
zeolites, The reolites are, of course, of soecondary
orisgin, derivec¢ most prohably from the Jwucomposition

of felspar and the glass,
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The mode of occuricnca: of these veins 1led Allport to
suggest that they were contemporaneous, ormes, perhaps,
hy the injection of fluid mass in the cracks oI

partially cooled magma,

he pointed out that here we have an

L
o
5
g

instance of magnetic JiT erentiation, Wallerr suzgesied

that the vein staff may possiblry he the more aci’ pairts

left after the separation of a certain amount ol

g

crystalsg from andesite (7) mugma, the separation having
been effected 21ither hy the subsiisnce o 1he crystals
© by the still fluid residuum heing scusczaed out Ii~om
amons them, "as wate:r from a swonec',

That the difTerentiation o” the magma LooX

place, at least, hefoire The felspars crrysialliz«d out,

is ppoved by the fact that we find two dif ereni soris



of felspars in t e piroducts of differeniiation, -
plagioclase in the normal rock and orthoclase in ihe
vein, Had the crystallization takel place prioir 1O
difrerventiation, we should have erpacied to find the

same felspar iun holh the products,

The Ape of the IntXrusion,

Rocks similar %o Rowler kagg ocour 1n other
parts of the !"idlands, In all casez, orcuept one, they
are Tound intiruded in upp~r coal measuresz, At
Swinnerton Park, a mass of Jolerite, very similar to
the kowler Rag, has bheen proved hy Lirkhy o he of
Post-Uriassic ape, T, Lirkhy, while proving 1iis
intruzion in Triasszic rock, suprested that it might bhe

conected with 8, Starforlshire igmeous iocks, (Trans,

M, Staffordshire fat, Field “1lub, Tol, 28, 1894, pie9),
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On this aszumption all the rocks helong 1o Post=-
Triagsic age, Geikie, howavelr, reiuses L0 acc2apl
Kirkby’s supgestion, as “here is no suhstantial
evidence,to support it, {Anc, "olcanoes, “ol, 11, p.106.

Jukes, in his memoir, puts tire age of Rowlew
Rag as pre-permian, He pointed out that, in the
surrouhding distiirict, "o igneous rocks of any king
are found in any Tormation, newer than tiie coal
measuxres', He further argued that "at whatever peiriod
these igneous Trocks were proluced, they were all
erxistent, before vhe produciion orf the faults, and
before any great “enudation had heeh affected on the
country",

It may bhe mentioned here that a gieat, numher

of these Taults cut through Peirmian and Priassic irocks,



A Tew even cut the Juiras ic sitirate, so that isneous
rocks protruded Jduring those periods would he affected
by the same dislocations,

In support of Jukeg’s view, i1 may he men-
tioned that the seneiral irend of %he Jdislocations,
which have afTectad the igneous Tocks in &, H51af oxd=-
shire, is the same as of ithose which affcct the
carbonifeious dolerites oi Scotland,

Gelikie puts the ape of 1 ez Iocks as
Permian, He argues that "though tihe Jolerite sills and
veins are so abundant in 8, Staffordshire coal field,
coming, in many places, up to the present surlface of
the pround, no single case has heen ohserved where iLrev
rise into the Peimian iocks that overlie the coal
measures unconformabl.y, It is 7if icult 1o heliocve,

that had these intrusions taken place afier the
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deposition of th~ younger formatvion, they should 1ot
be found penetrating it", (Anc, Yol, Tol, 11, p,106),
His chief argument in suppoit of Iis stavemont, is
vhat the »roof obhiainable from the Palaeozolic history
of Rritain shows a peuesral culiescence in the volcanic
activity during the Upper Carhonifoious time, "And as
there is clear evidencs of conitemporaneous volcarnic
action in the lowest portion of the Peimian system TO
the north in Scotland, aud to the south in Devonshire,
it is guite possible that the irocks of the '"idlands
belong to Permian too".

“he striXing resemblance in petirosraphical
characters which the Rowley doleritoes hear o those of
Antrim and other places, has led Prof, Watts 10 sugrest
that the intrusion is of Yertiary peiiod, While

admitting the great similarity beitwe n the two “ypes as



regards the "colour and pleochroism of augite ana

the inconstant relation of the chief constituents", it

is dif icult to assirn tle age of a roci chieifly on

petrological srounds, Zesidoes, ons has Lo I'emembei

that, ac ording 10 modlern poiropsraphy ?the Trecurrence

of the same Lrpes in diflerent reglons and at 4if ~rent

geological poeriods? (Harker, I#ncous kRocls, pp. 66 -

*
o . . .
467) is cuite conceivable,

Ii appears then, that considering alil
possible arguments, it is natural to put tho apge at

Permian as Giekie’?s argumeints certainly seem most
t

weishty.
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THR FERFRFECTS OF TTHUAVORPAIS!HY,

The effects o0f metamorphism on the
[
the cistrict may he enumaraied &s't-—
(a) On the coal,

(p) On the igneous rock, and

(¢) On the brick clay,

(a) Yhe effect of isncous rock ou coal., The

has heen woried all ioun:: the Rowley Hills,

have been sunk piercing the dolerite, to the

~

seams of coal helow, The effectl of ilgneous 1

coal, where 1t comes in contact with iv, was

Juzes, He pointed out that in every case of

contact the coal appsared to have ’hlacked’,

rocks of

thic!t coal

s

1~ o N
Shafvs

workahle

ocly on the

novwed hy

such an

"A coal is

sail” to he ’blacked’ when, by its prozimity Lo an igneos
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rock, it has hecome so altered so as to loose all ivs
brightness, and nearly, if not cuite, all its
inflammability. It is not eractly coke, hub is dull
and earthy, and on erposure to the atmosphere is very
friable",

(b) The effect on the lgneous rock itself when 1t
comes in contact with coal has already heen menuvionad,
(p, 209) The green sills bhecome lighter in colour as
they approach the coal, an’ at the point of contact
become nearly white, "he metamorphosad isneous rock
is kuown as the ?*White trap?,

(c) The brick clay hed praciically sur ound s the kowle
Hills, Thers are a Tew e posures whare they are found
to come in dircct contact with the igneous Irocks,
(p./86 ). ¥or reasons mentioned on (p,/&5) the effectus

of intrusion of the lgnfous mass in the brick clav is
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hut very slight, AL most ihe rocks hecome sandy or

ashy with a de p red or »rown colour, - efrccts which

supegest a slight hurning or haking,
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