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T. G. BoNNEY for his kindness in arranging and editing 

the papers and notes contained in this book, in accordance 

with the wishes of the late Professor Henry Carvill Lewis, 

whose desire it was that his researches on the origin and 

matrix of the diamond should be given to the scientific 

world. 
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PREFACE 

A FEW words of explanation are neceasary in order to 
indicate my connection with this book and what has or 
has not been attempted in preparing it for publication. 
Shortly after the death of Professor Carvill Lewis in July 
1888, in accordance with directions given during his last 
illness, the manuscripts of hia two papers on the diamond. 
bearing rocks of Kimberley, communicated to the British 
Association at the meeting~ in 1886 and 1887 respectively, 
together with the specimens on which he had worked and 
a number of misce1laneous notes, were given by Mrs. 
Lewis to Professor G. H. Williams of the Johns-Hopkins 
University, who had kindly promised to carry out his late 
friend's desires by preparing the incomplete material for 
publication, as soon as his other duties and engagement& 
permitted. But the pressure of these was so great that an 
opportunity had not been found when he too was taken 
away from this world by the same disease (typhoid fever) 
which had proved fatal to Professor Lewis. As I havo 
been for many years a. student of the structure and history 
of olivine rocks and serpentines, I ha.d felt great interest in 
the papers to which I had listened at Birmingham a.nd 
Ma.nchester, and thought it would be most unfortuna.te if 
the numerous careful and minute observations which they 
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contained were much longer delayed in publication, or, 
perhaps, were even lost to science. Accordingly I informed 
Mrs. Lewis that if she would entrust the manuscripts to 
me I would do my best to arrange them for publication, 
&tating at the same time that I could not attempt more 
than to act as an editor to the materials which had 
been left by her late husband. From some of the docu­
mf'nts it was obviously his intention, ha.d his life been 
spared, to have carried on his researches and to have made 
additions to the original papers so as to briug the subject 
down to the date of publication. But this task, as I told 
Mrs. Lewis, I could not undertake. Parts of the subject 
lay rather outside my usual lines of work, so that very 
much time would have had to be spent in hunting through 
the geological, and more especially mineralogical, literature 
of the last eight or nine years on the chance of finding 
something throwing light on the questions treated by 
Professor Ltwis. As the hours which I can devote to 
prosecuting my own investigations are none too numerous 
already, I was unable to undertake what would have been 
of little profit and hardly any interest. To me no work is 
so irksome as that of searching through periodicals on 
the chance of lighting upon some contribution-possibly 
in itself of little value-to the literature of a subject. 

Thus the two papers, forming the first and second 
sections of this book; are printed very nearly as they were 
left by Professor Lewis. The refere~ces have been tested 
and corrected, and a few changes have been made here 
and there in phrase or in the order of sentences. These 
changes, however, are merely editorial, such as the author 
himself would have most probably made in finally revising 
his manuscript for the press. Accordingly the statements 
printed and the results given represent his Yiews, at 
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any rate in 1887, and, so far a.s I know, a.t the time of his 
death. Of the third section nothing had been written ; the 
materials consisted only of some very brief 'jottings ' and 
a. small set of rock specimens. The latter, however, 
appeared to me to have such an important bearing on the 
subject of the first two sections that I have drawn up a 
statement of the facts concerning them from such literature 
as I have found, and have written some brief descriptions 
of the structures, macroscopic and microscopic, of the 
specimens themselves. 

In addition to the above-named materials, Professor 
Lewis left numerous notes on the occurrence of diamonds 
in other countries, and on various matters bearing more or 
less indirectly on the subject of the two papers. Two 
pocket-books also were placed in my hands, containing 
memoranda of a. journey through some districts in the 
United States where diamonds had been, or were said to 
have been, discovered. From these I compiled two other 
sections, weaving the materials of the latter, after con­
siderable condensation, into a. continuous narrative. 
The manuscript was set up in type, but Professor Rosen· 
busch, to whom the whole of the proofs were submitted, 
was of opinion that they would not augment the value of 
the earlier part of the book, because the notes on localities 
were obviously incomplete, and the journeys were more 
negative than positive in their results. Moreover, many of 
the facts recorded had already, owing to the lapse of time, 
become incorporated into literature readily accessible to 
students. I had myself felt a like misgiving, but, for a. 
reason which will appear below, felt bound to alter or to 
cancel as little as possible. But when fortified by such 
a.n authority on this special topic as Professor Rosenbusch, 
in whose laboratory at Heidelberg much of the work 
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embodied in the first and second section had been done, I 
had no hesitation (with the concurrence of Mrs. Lewis) in 
following his advice. So this portion bas been cancelled, 
and as the book now stands it comprises all the manuscript 
that Professor Lewis had left in a. fairly complete state, with 
a. little supplementary work which has a. very direct bearing 
on the subject of his two papers, and for which he had 
collected specimens. 

Several . months elapsed, owing to various circum­
stances, before Mrs. Lewis could place the late Professor's 
manuscripts and the other materials in my hands. In the 
interval Sir J. B. Stone, M.P., when I was a guest at 
Erdington Grange, h;is pleasant home near Sutton Cold­
field, showed me a. collection of specimens which he had 
obtained during a recent visit to the Kimberley mines. 
Among these were two lumps of the diamond-bearing rock, 
each as large as three or four ordinary cabinet specimens, 
and in a. much better ~State of preservation than any which 
I baa previously seen. One of these he kindly gave to me, 
asking me to examine its structure, and allowing me to 
make use of the other materials in his possession. Some 
microscopic sections were prepared from this specimen, 
and, in addition to others already in my coUection, the gift 
of Professor Boyd Dawkins, I had the ad'"anta.ge of studying 
one or two small hut well-preserved pieces of the rock, which 
had been presented to Miss C. A. Raisin by C. J. Alford, Esq., 
as well as others kindly lent to me by the late Professor 
A. H. Green.• The results of thE-se studies were published 
in the Geological Magazine for 1895 (pp. 492-502) in a 
paper jointly written by Sir J . B. Stone, Miss C. A. Raisin, 

---·- - --· -
1 He died after a short illness, the result, I fear, of overwork, in August 

1896. A good geologist and a most unselfish man, multis illr bonis flebilis 
oecidit I 
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and myself. Our conclusions in one respect differed a. little 
from those expressed by my lamented friend Professor 
Lewis-viz. as to the origin of the diamond-bearing rock 
to which he has given the name Kimberlite. Its precise 
nature is undoubtedly very difficult to determine. It 
differs from any rock, whether peridotite or serpentine, 
known to me, and my experience, especially in regard to 
the latter, is a rather large one. Its structure is hardly 
such as I should expect to result from the hydration of a 
glass, the chemical composition of which nearly corre­
sponded with that of olivine, and it seems to me improbable 
that the material would have remained in a glassy con­
dition throughout pipes or necks of such great size, which 
also have now been excavated to a considerable depth. 
Olivine is not a very fusible mineral, and vitreous peridotites 
are even more rare and limited in extent than tachylites ; 
indeed, I am doubtful whether I have ever really met. 
with one. Some, indeed, of the fragments in th.ese 
diamond-bearing breccias (for, whatever may be the ex­
planation, they undoubtedly exhibit a. brecciated structure) 
may-probably do-represent either a glassy or at any 
rate a very compact form of peridotite (now converted into 
serpentine) ; but I regard them, together with the olivine, 
augite, mica., garnets, and other large minerals (not ex­
cluding the diamonds) as true' fragments,' like the pieces 
of shale which are sometimes found associated with them, 
produced by the explosive destruction of more coarsely 
crystalline rocks of earlier consolidation, and not the result 
of a. fluxional movement in a magma which had previously 
reached a stage of partial separation and incomplete con­
solidation, and had in addition incorporated fragments of 
overlying rocks in its upward progress. The subject, how­
ever, is one of great difficulty, and it may be that Professor 

Digitized by Goog le 



xii PREFACE 

Lewis' explanation is the more correct one. I refer to my 
own conclusions only becau~ they were formed quite inde­
pendently; for at that time abstracts merely of Professor 
Lewis' papers had been published, and from these I had 
formed the impression that the name 'kimberlite· designated 
the serpentinous fragments which were embedded in the 
breccia, and not the rock itse)f. But whatever be the 
ultimate result of that part of the inquiry, this would not 
necessarily affect my friend's views as to the genesis of 
the diamond-viz. by the action of an extremely basic rock 
upon carbonaceous material-or diminish the value of his 
elaborate researches into the structure and mineral com­
position of its matrix.. 

There remains only the pleasant duty of returning, on 
behalf of Mrs. Lewis and for myself, most hearty thanks 
to two friends: to J. J. H. Teall, Esq., F.R.S., who has 
most kindly taken the admirable micro.photographs of the 
slices of the Kimberley and the Kentucky rock, in order to 
illustrate this work ; and to Professor Rosenbuseh, who has 
been so good as to read and criticise the proofs. Only 
those who, like the editor, have learned from experience of 
his books the rich stores of his mineralogical and petro­
graphical knowledge can ful1y appreciate the value of his 
generous assistance in putting on record some of· the 
work produced by one who studied in his laboratory at 
Heidelberg. 

T. G. BONNEY. 
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SECTION I 

ON A DIAMOND-BEARING PERIDOTITE AND ON 
THE HISTORY OF THE DIAMOND 

BY H. CARVILL LEWIS, M.A., F.G.S. 

(Read at the Meeting of the British Association at Birmi11§ham, 1886 1) 

THE discovery of diamonds at Kimberley, South Africa, has 
proved to be a matter not only of commercial but also of much 
geological interest. Here the diamonds occur under con­
ditions which are unlike those of any other known locality, 
and are worthy of special attention. 

The first diamond was found in South Africa in 1867, 
when a large specimen was picked out of a lot of rolled 
pebbles gathered in the Orange River. This led to the 
river diggings in the Orange and Vaal rivers, which con­
tinue to the present time, but are now only worked at three 
or four points. 

In 1870, whEin perhaps 10,000 persons had gathered 
along the banks of the Vaal River, the news came of the dis­
covery of diamonds at a point some 15 miles away from the 
river wherfl the town o( Kimberley now stands. These were 
the so-called ' dry diggings,' which at first were thought to 
be alluvial deposits, but have proved to be volcanic pipes 
of a highly interesting character. In 1871 four mines 
were discovered in clo~:~e proximity to Kimberley, all of 
which have since become famous. They are known as Du 
Toits Pan, De Beers, Kimberley, and Bulfontein mines, all 

1 This date must be understood as limiting the phrases applying to time 
throughout the paper. 

B 
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2 ON .A DIAMOND-BEARING PERIDOTITE .AND 

of which could be enclosed by a circle Similes in diameter. 
The mines lie at the northern end of a great plateau, 
known as the Upper Karoo Plateau, which extends from 
the Bokkeveldt mountains at the Cape of Good Hope to the 
border of the Transvaal Republic, varying in elevation 
from 2,700 to 6,000 feet above sea. level.1 The four princi­
pal mines at Kimberley, at an elevation of about 8,900 
feet, are close to one another. The two principal mines in 
the Orange Free State (Koffee-fontein and Jagers-fontein) 
lie S.E. of Kimberley, the former SO miles, the latter 60 
miles diata.nt. 

In 1872, 80,000 persons had assembled about the four 
mines, and other mines were soon discovered in the neigh­
bouring territory. At the present time, 15 distinct diamond 
mines (dry diggings) are known in Griqua Land, Urot and­
the adjoining Orange Free ~tate ; none of the others, how­
ever, as yet equal in richness the four great mines first 
discovered. 'l'hese four all have the same geological 
structure, each being a separate pipe ; and all are re­
markably rich in diamonds. It has been estimated that 
since the opening of these mines more than six tons of 
diamonds 2 have been extracted from them, being probably 
greater than the total combined previous production of all 
the other mines in the world. It was soon discovered that 
these pipes went down vertically to an unknown depth, 
penetrating the surrounding strata. 

The diamond-bearing material first excavated was a 
soft yellowish friable substance, readily crumbling when 
exposed. At the Jepth of about 100 feet it became darker 
and harder, and finally acquired a slate blue or dark green 
colour, resembling some varieties of serpentine. This is 
the well-known 'blue earth ' of the diamond mines, which 
proved to be richer in diamonds than the wholly decom-

1 Cape of Good Hope Official Handbook, 1886, p. 169. 
• T. Rennert, Cape of Good Hope Official Handbook, 1886, p. 212. 

Moulle, 'M~moire sur Ia geologie generale et sur les mines de diamants 
de !'Afrique du Sud,' Ann. des Mines, vii. 1885, p. i93. 
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ON THE HISTORY OF THE DIAMOND 8 

posed and weathered portion first penetrated, and called 
' yellow ground.' This ' blue earth ' or ' blue ground ' is 
taken out of the mine and exposed to the sun, and it is 
then capable of being readily crushed and washed for the 
extraction of its in<'luded diamonds. The ' blue ground ' 
is greasy to the touch like serpentine, and is· full of enclosed 
fragments of Hlate and other substances. It has been found 
to become harder and more stony the deeper it is pene­
trated, and to continue vertically downwards to an un­
known depth. The deepest sinkings in Kimberley mine 
are now 600 feet below the surface, still in the same 
compact material.' At this}epth the true nature of the 
diamond-bearing substance is more clearly apparent than 

I I 

J 

FIG. 1.-Du Tolt's Pan Mine, 1885. (Sketch by Professor Lewis from the Colonial Exhibition, 
1886). 1, debris; 2, yellow shale; 3, black shale; 4, diamond-bearing rock 

it was when the workings were carried on in the more de­
composed material. Quite recently, both in the Kimberley 
and De Beers mines the remarkable rock has been reached 
which forms the subject of the present paper. 

Th~ first scientific publication regarding the matrix of 
the Kimberley diamonds appears to be that of Prof. E. Cohen, 
in 1872,2 and, in ·England, of Mr. E. J. Dunn, in 1873.3 

Before that date, however, Mr. G. W. Stow 4 and Dr. John 
Shaw 5 had described the general geology of the region, and 

• They have been carried to a very much greatE-r depth since 1886.-
T. G. B. • Neues Jahrb. 1872, p. 857. 

• Q•~rt. Journ. Geol. Soc. xxx. 1874, p. 54. 
• Ibid. xxviii. 1872, p. 8 (cf. Gcol. MaJ. 1871, p. 49). • Ibid. p. 21. 

B·2 
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4 ON A DIAMOND-BEARING PERIDOTITE AND 

Prof. T. Rupert Jones and Mr. Thos. Davies had identified 
a number of the minerals occurring associated with the dia­
mond. Mr. Dunn has described the occurrence so well tha.t 
I cannot do better than quote some extracts from his paper .1 

' The conditions under which diamonds occur in South 
Africa are quite different from those of evel'Y other known 
locality, and are so unusual as to deserve the earnest 
attention of all geologists. 

• At the junction, and back for a distance of from one 
to several feet, the edges of the shale are bent sharply 
upwards. The contents of these "pipes " in the shale are 
the same in all cases, and show distinctly that they are of 
-igneous origin. The base is more or less decomposed 
gabbro(?) or euphotide (?), through which are scattered 
particles, fragments, and huge masses of .shale, nodules 
of dolerite, occasional fragments of chloritic schist, 
micaceous schist and gneiss. The principal foreign in­
gredient is the shale, which in many places, particularly 
at Colesberg Kopje, is thoroughly comminuted, forming a 
breccia with euphotide (?) as a base. Where large masses of 
shale occur, the lines of the bedding, as might be expected, 
are not horizontal, but lie in all directions. 

' For a depth of from SO to 40 feet, cracks, joints, and 
irregular cavities filled with red sand from the surface 
penetrate ; with the sand, and showing that it has come 
from the surface, are fragments of ostrich egg-shell, small 
rounded grains of chalcedony; agate, &c., identical with the 
same substances mixed with the surface soil. 

' At 130 feet, the greatest depth so far attained, the 
rock becomes compact, tough, and shows the original 
texture, though the ingredients are altered, notably the 
pyroxene or augite into bronzite.2 

'The entangled blocks of shale and sandstone are fre­
quently altered, the latter sometimes into quartz rock. 

s Quart. Jo11rn. Geol. Soc., xxx. 1874, p. 54. 
1 Probably diallage is ho)re meant; the name bronzite, which formerly 

was used somewhat vaguely, being now restricted to a rhombic pyroxene.­
T.G. B. 
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• A very well-known fact on the diamond-fields, and one 
rather in favour of the euphQtide (?) being the mothe·r rock, 
is that each of the pipes furnishes diamonds easily distin­
guishable from those found in the others. Bulfontein pro­
duces small white stones, occasionally specked and flawed, 
but very rarely coloured ; while Du Toits Pan, within half 
a mile, seldom yields other than coloured stones. So well 
marked are the characteristics of the diamonds from the 
various diggings, that diamond buyers can generally tell by 
the appearance of a. stone the locality from which it has come.' 

Mr. Dunn's paper was followed in the same year by a de­
scription of the microscopic character of the diamond-bearing 
rock by Professor N. S. Maskelyne and Dr. W. Flight.1 

The specimens examined and analysed by them were 
unfortunately all decomposed more or less, none coming 
from a depth greater than 180 feet. They identify a 
bronzite (two varieties, one bright green, one buff coloured), 
a variety of smaragdite, garnet, ilmenite, a diallage (much 
altered) and a mica-like mineral. Opaline silica, occasion­
ally hyalite, sometimes resembling hornstone, is dissemi­
nated through the rock; the mica-like mineral is described, 
analysed, and named vaalite, it being regarded as Ron out­
lying member of the vermiculite family ; the smaragdite, 
in brilliant greyish green fragments, green bronzite and a 
much altered bronzite, resembling that in the meteorite of 
Breitenbach, are also analysed, as is the rock of Bulfontein. 
This gives (water being undetermined) :-

CaC03 • 59·625 
MgC03 • 4·972 
FeC03 8·016 
Si02 • 20·700 
Al201 0·558 
FeO 4·296 
MgO 5·799 
Ca.O 0·524 

99•485 

1 Quart. Journ. Gcol. Soc:. xxx. 1874, p. 406. 
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6 ON A DIAMOND-BEARING PERIDOTITE AND 

Additional ·particulars, of which a brief summary is 
subjoined, are supplied in more recent papers by Mr; 
Dunn, 1 which are founded upon facts brought to light 
by fresh excavations. 

The bedding of the black shales surrounding the mines 
is turned upwards at the edges of the pipe. These shales 
are very combustible and carbonaceous ; in one part of 
Kimberley Mine, where accidentally tired, they have 
smouldered on for eighteen months. The shales extend 
at least forty miles away, underlying the whole district. 
Diamonds are ·most abundant where the pipe is surrounded 
by shales. The author suggests that the carbon for the 
diamonds was supplied by these shaleu. If so, the atmo­
sphere would be the original source of the diamond, for 
the plants absorbed carbonic acid from the air, and their 
remains made the shales carbonaceous. 

These shales belong to the Karoo beds. In Camdebro 
anthracite occurs in these beds; perhaps the result of 
distillation, due to a large dyke which underlies the anthra­
cite. 

The dyke-like masses 2 at De Beers differ from the 
main mass only in being finer grained and less readily 
decomposed. They are two to three feet thick, and cut 
through the pipe and the shales and dolerite in all direc­
tions. Mr. Dwm also shows that the pipes must be more 
recent than the dolerite sheets, for the rudely tabular 
dolerite is tilted up at 400 at the wall of the pipe. In­
cluded masses of dolerite also occur in the pipes, which 
at Bulfontein have been rounded by attrition into boulder­
like masses. 

Among recent papers on the diamond regions must be 

1 Quart. Journ. Geol. Soc. xxxiii. 1877, p. 879. Ibid. xxxvii. 1881, 
p. 60!1. 

• Note by Profeasor Lewis. The so-called dykes at ·De Beers are merely 
harder and finer grained parts of the mass which are not decomposed. 
Down to 100 feet below the surface, shells, charcoal, &c., have entered into 
the blue ground. 
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ON THE HISTORY OF TH~ DIAMOND 7 

mentioned those of Prof. E. Cohen, of Mr. Hudleston, and 
of Mr. Dunn. Mr. Hudleston 1 holds that the matrix of the 
diamond was a sort of volcanic breccia, which was made 
hydrous at a considerable depth and ejected in a. wet 
state accompanied by steam, like the product of a mud 
volcano. The earlier theories as to the origin of the 
diamond have, in the light of new facts, quite given way 
to the theory that the diamonds belong to and are part of 
the matrix in which they lie, and that this matrix is in 
some way of volcanic origin, either in the form of mud or 
ashes or lava. 

· As the geology of the region has been described by 
many observers, it may suffice to say that the diamond­
bearing pipes penetrate strata. of Triassic age which are 
known as the Karoo beds. Griesbach 1 and Stow 3 in 1871 
showed that this Karoo formation was penetrated by great 
interstratified sheets of so-called dolerite, melaphyre and 
amygda.loidal melaphyre, and that below the series of 
stratified rocks fundamental clay slates and gneisses or 
granite occurred, which latter came to the surface in Natal 
and the adjoining regions. The intrusion of the dolerit~ 
sheets in the Ka.roo beds is held to have occurred in a. 
subsequent part of the Triassic period known as that 
of the Stormberg beds.4 As Professor Rupert Jones 6 and 
others have shown, the Kimberley shales belong to the lower 
Karoo formation. The diamond-bearing pipes penetrating 
and enclosing fragments of all these formations are thus 
clearly of upper Triassic or post-Triassic age. 

I now come to the description of the rocks which, 
through the courtesy of Mr. T. Hedley, in charge of the 

• Proc. Geol. A880C. viii. 1883-j, p. 65. 
I 0 . L. Griesbach, 'On the Geology of Natal,' Quart. Journ. Geol. Soc. 

x:r.vii. 1871, p. 68. 
1 G. W. Stow, • On some points in South African Geology,' Quart. Journ. 

Geol. Soc. :r.xvii. 1871, p. j97. 
' Cape of Good Hope Official Handbook, 1886, p. 83. 
• MU.ing Journ. 1886, p. 'l.71. 
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diamond exhibit at the Colonial Exhibition, I have been 
able to examine. They come from De Beers Mine, and 
having been found at a greater depth and in a much less 
decomposed condition than the specimens primarily ex­
amined, it has become possible now, for the first time, to 
determine the exact nature of the matrix of the diamond. 

The rock occurs in two types, one not bearing diamonds, 
the other diamantiferous, and the distinction between them 
is &uggestive. Both occur in the same mine, and are dark, 
compact, heavy rocks, closely resembling one another, and 
differing mainly in the fact that one is free from en-

N 

I I 

FJO. 2.-Dc Beers Mine, 1886. (Sketch by Professor Lewis from the (',oJonial Exhi­
bition, 18R6.) I, basRit; ,, slu\le; 3, hard gromul; 4, 008tlng recl (true eruptive 
rock, with more broozlte, no encloeures, oo dlamouds); 6, diamond-bearing rock 

r.losures of foreign substance, while the other is full of frag­
ments of shale and other impurities. It is the latter which 
is diamantiferous. 

A section of either of these shows that we have to do 
with a volcanic rock, composed mainly of olivine, and con­
taining no felspar, i.e., a peridotite. I will describe first 
that which is free from inclusions, known as .. Hard Wack 
Floating Reef (the word 'reef' meaning anything which 
is worthless). It occurs deep down in the mine, and is 
a massive black rock. Microscopic examination shows 
abundant grains of olivine in a remarkably fresh condition; 
many of them are rounded, but others show crystalline 
faces. That olivine is rounded is a common feature, both 
in volcanic rocks and in meteorites. The cleavages accord-

. : 
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ing to oo P oo and oo P <i> are unusually well marked, that 
according to oo P oo being often in straight lint!s almost 
as good as in felspar. OliYine is known to occur in rocks 
in three different habits, according as the rock is granular, 
porphyritic, or a crystalline schist, as Rosen busch 1 has well 
described. The rock in question contains olivine, with the 
form belonging to porphyritic rocks. The distinct crystalline 
shape has been altered by subsequent corrosion. Olivine is 
the main ingredient of the rock, all other minerals being 
accessory. 

Of these the principal are enstatite and biotite. The 
e~statite is clear, not pleochroic, and is readily determined 
by its parallel extinction ; the biotite is in crystals, which 
are usually rounded by corrosion, as is indicated by the 
black rim which often surrounds them. Similar rime are 
well known around the biotite of many andesites, trachytes, 
and related rocks. The black rim is shown to be made of a 
mixture of magnetite and augite, and is thickest when the 
ground mass is holocrystalline, and thinnest when most 
glassy. The very thin rims here argue a glassy base. The 
biotite, as in peridotites and nepheline-basalt, is usually 
twinned after the law of Tschermak. 

Serpentines with garnet occur as dykes in the Vaal 
River. Dr. J. Shaw speaks of serpentines,2 and Professor 
T. R. Jones of garnets, in Vaal River gravels.3 Dr. 
Shaw 4 also states that dykes cross the Vaal River and 
make rapids. Garnets abound in these gravels, also 
tourmalines, talc, and mica. 

1 Mikrosk. Phy&iofJT. 2• Aufl. Bd. i. 1885, p. 410. 
t Quart. Joum. Gool. Soc. xniii. 1872, p. 22. 
I Ibid. p. 18. 4 Ibid. p. 21. 
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10 THE MATRIX OF THE DIAMOND 

SECTION II 

THE MATRIX OF THE DIAMOND 

BY H. CARVILL LEWIS, M.A., F.G.S. 

(Read at the Meeting of the Brituh .AsBOCiation at Manchester, 1887) 

AT the last Meeting of this Association 1 I had the .honour 
of giving a short description of the remarkable rock which 
forms the matrix of the diamond in South Africa. Since 
then, as I have received fresh material, it has been possible to 
study it carefully, both microscopically and chemically, and 
to compare the geological features of Kimberley with those 
of other diamond localities in various parts of the world. 

Without repeating what was then said, I will merely 
remind you that the diamond-bearing rock was shown to 
he an eruptive neck of post-Tria8sic age, penetrating and 
enclosing fragments of Karoo shales, and that this rock is 
a porphyritic peridotite of peculiar structure, closely ana­
logous to a similar rock in Elliott Co., Kentucky.2 

The rock, which was obtained from a depth of about 
500 feet, is much less decomposed than the material 
usually obtained in the diamond mines, and both its 
composition ~nd structure can be readily 1:1tudied under the 
microscope. 

It is a dark-green heavy rock, resembling a dense 
serpentine, in which one sees with the naked eye glistening 
plates of brown biotite, small deep-red garnets, and large 
dark-green crystals or grains of olivine and bronzite. 

1 At Birmingham, 1886. Brit . .Assoc. Report, 1886, p. 667. 
2 For a descrip~ion of ~his rock, see Section III • 

.. :=, - ~ : : ~~. : -~ 

.. 
•! 

I 

Digitized by Goog le 
*£"= -~-.J 
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The last two minerals being of identical colour with the 
rest of the rock are not so conspicuous as the first two. 
Scattered through the whole rock are a. la.rge number of 
angular fragments of altered black shale. These a.re often 
so abundant as to give the rock a. brecciated a.ppearance. 
The rock ta.kes a good polish, and, on such polished t;ur­
faces, the olivine is clearly seen to be the predominating 
mineral, and to occur in porphyritic crystals, lying in a. 
ground-mass of serpentine. Traces of fluidal structure are 
also seen in polished specimens. The rock resembles, 
externally, certain dark picrites, like those of Tringenstein 
or Schriesheim, yet even its general appearance is different 
from that of any other known rock.' 

The rock from Kentucky has the same characters, 
though containing less numerous foreign fragments. 

We now proceed to the more exact description of this 
reck. We will consider (1) the minerals of which it is com­
posed, (2) its chemical composition, (S) its structure, (4) its 
geological characters and significance. 

(1) CoNSTITUENT MINERALS 

The following minerals occur in the Kimberley rock, 
many of them being detected only under the microscope. 

Olivine, forming the larger portion of the rock, often 
quite fresh. 

Enstatite, chrome-diopBide, smaragdite and bastite, often 
in fine green plates or crystals. 

Biotite, a very prominent ingredient. 
Garnet, common in bright red grains. 
Perot·skite, abundant in microscopic crystals. 
Magnetite, chromite, ilmenite, picotite, common under 

·the microscope. 
Apatite, epidote, orthite, tremolite, tourmaline, rutile, 

sphene, leucoxene (scarce a.nd minute). 

1 So far as my knowledge goes, ~his remark, ~hough wriUen almost ~n 
years ago, still holds good. A general idea of ~he aspec~ of llie rock may be 
obtained from Pia~ 1.-T. G. B. 
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Serpentine, calcite, zeolitea, chalced<Jny, and talc, a.s 
decomposition products. Also an undetermined mineral, 
probably cyanite, and finally diamond (scarce). 

Olivine.-Olivine forms the most abundant constituent 
in the rock, occurring in porphyritic crystals or rounded 
grains, which may attain considerable size. These crystals 
are sometimes over a centimetre in diameter, though 
usually of smaller dimensions, and are sprinkled plentifully 
in a serpentinous base. 'l'he dark-green colour is so nearly 
that of the whole rock that the olivine is not so conspicuous as 
the mica, although, o.s seen in thin sections, it is much more 
abundant. Many of the crystals are comparatively fresh, 
with the hardness and lustre of unaltered olivine. Others 
are partly changed into serpentine, while others, again, are 
entirely replaced by serpentine. 

Except an occasional grain of a spinellid or, more 
rarely, enstatite, the fresh olivine is pure and free from 
solid enclosures. Occasionally bubble-like inclusions of 
gas or glass occur, in the form of minute elongated rounded 
cavities. These are often aggregated together in plant­
like growths, such as are not uncommon in the olivine of 

. a porphyritic eruptive rock. They also occur in strings 
traversing the crystal. With a high power these inclusions 
are seen to be of a brown colour resembling glass (negative 
crystals ?) • The interesting changes which Prof. Judd 1 has 
shown to occur in the olivine of deep-seated rocks, whereby 
secondary enclosures are produced, through the process 
which he has called 'schillerisation,' are entirely absent 
here. 

An unusual feature in the olivine of the Kimberley 
rock is its perfect cleavage. This cleavage is so perfect that 
in ordinary light the mineral would be at once designated 
as bronzite or diallage. In polarised light the high double 
refraction distinguishes it from enstatite, and the parallel 
extinction from diallage or diopside. This cleavage 1s 

1 QUGrt. Journ. Geol. Soc •. xli. 1886, p. 362. 
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parallel to the brachypinacoid ( ex> P oo), an optic axial 
bisectrix appearing in sections with the most marked 
cleavage. 

+ 
Fm. 3.-0llvine crystal aeen pnrallel to oo Poo and showing excellent cleavage along 

oo P<l'>, and poorer cleRVage along OP. The flliar bast! tic mineral into which it Is 
alt<>red has tlbres parallel to the principal cleavage. .\ bloectrix occurs at right 
angles to the section, and the plane of the optic axis is parallel to the base 

There are also secondary cleavages, and the usual 
irregular cracks so common in olivine.1 

Olivine has not been detected in the ground mass of 
this rock. It is usually in the form of crystals, more or 
less rounded and corroded, and even when completely 
changed to serpentine, the original crystalline form can 
generally be recognised. 

Corrosion cavities (the ' einbuchtungen ' of the Ger· 
mans) are sometimes seen in the olivines. 

The following are some of these : 

FIG. 4.-Corrosio!l cavities FIG. 5.-Corrosloo cavities 

1 Zirkel, Mikrosk. Beschafl. der Min. 1873, p. 214. 
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14 THE MATRIX OF THE DIAMOND 

The olivine alters by decomposition either into serpen­
tine, or into tremolite, or into a bastitic fibrous mineral. 
The alteration into serpentine proceeds in the usual manner, 
beginning at the outer edge and in cracks in the crystal, 
and gradually penetrating deeper, as new cracks are formed, 
until the change is complete. A homogeneous nearly 
isotropic serpentine is the final result. Fibrous serpentine 
or chrysotile also forms around the olivine grains, and in 
this case the chrysotile fibres stand more or less at right 
angles to the original faces of the crystal. The chrysotile 
is much more highly doubly refracting than the compact 
serpentine, which latter, when most dense, is often nearly 
isotropic. Another serpentinous mineral is faintly pleo­
chroic in pale shades of green, and is, perhaps, more nearly 
related to bastite. 

Tremolite (fig. 6) in the form of asbestos occurs as a 
secondary mineral pseudomorphic after olivine. It fre­
quently happens that while serpentinisat:on begins at the 
outside of a crystal, fibrous tremolite begins growing within, 
finally forming a mass of asbestiform fibres surrounded by 
a zone of green serpentine. These asbestos fibres often 
grow partly parallel to the vertical axis, and partly parallel 
to the domes of the olivine. They are distinguished from 
other minerals by their high colour in polarised light, and 
by vertical fibres separated by partings or cleavages like 
those which divide sillimanite, and by an obliquity of 
extinction at about 15°. They are perfectly colourless and 
non·pleochroic. A fibre may be compMt in the centre or 
at one end, and at the other end may be fringed out into 
fine hair-like asbestos. 

In the eecond figure (7) two olivine crystals have grown 
side by side, their axes parallel. A thin green rim of 
serpentine surrounds each crysta.l. A round grain of olivine 
remains in each, and crystals of tremolite surround it. 
Between the tremolite and the serpentine is a pseudomorphic 
mass of ta.lcose substances, in which lie rutile needles 
parallel to the faces of the crystal. 
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Another kind of alteration, rare in the KimbE\rley rock, 
but very common in the Kentucky variety, is into a. 
peculiar finely fibrous substance of dark blue colour. 
The olivine is never wholly changed into this material, 
which appears only a.t the two extremities of a crystal or 
along cracks. The fibres always stand pa.ra.llel to the 
cleavage planes of the oli\"ine, and seem to be due to a. 
finer splitting up of these cleavage planes until they 
become fibrous. This fibrous substance is faintly pleo-

FIG. 6.-Diagrammatic. r, rutile needles: 
tr, tremollte: ell, cbryentllc ; m, maguetlte 
or chr"mlte: p, peroY.iklte 

PIG. 7.-Diagrammatlc. '• serpentine; 
tr, tremollte : o, olivine ; r, rutile 

chroic like bastite, and seems to be a new variety of that 
mineral. (It is seen only in the Kentucky rock.) Dr. 
Rosen busch suggested to me that it resembled the 'aerinite' 
of Lasaulx, 1 also a. product of alteration. It will be more 
fully treated under the description of bastite. The un­
usually perfect cleavage in the olivine is particularly well 
developed near the edges, where the fibrous substance is 
formed. This alteration is at the edges of otherwise 

a. Neues Jahrb. 1876, p. 852; Bull. Soc. Min. de France, i. 1878, p. 125. 
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perfectly fresh olivine, and appears to be an incipient stage 
of serpentinisation. 

The alteration into serpentine is shown in figures 8 
and 9 ; and into the chloritic mineral in figure 10. 

FIG. 8 FIG. 9 

Alterations of olivine 

FIG. 10 

The most interesting result of the serpentinisation of 
the olivine is the production of secondary rutile. Rutile 
never appears in the fresh olivine, but as serpentinisation 
begins rutile needles form along the border of the de­
composing olivine, their longer axes being parallel to 
the outlines of the original crystal. When serpentinisa.­
tion has proceeded so far that only an inner kernel of 
olivine remains, rutile needles may be formed all around 
this inner kernel, lying in the serpentine pseudomorph, 
not irregularly as if ordinary enclosur<>s, but in fixed crys­
tallographical directions parallel to the olivine outlines. 
},igures 11 to 15 exhibit this secondary rutile. 

0 / 

PIG.ll FIG. 12 

Rutile in olivine 
FIG. 13 

The rutile needles have originated within from small 
particles of titanic iron enclosed in the olivine, or from 
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titanic acid in its composition. Sometimes a grain of 
titanic iron can be seen imbedded in the rutile needles, as 
in fig. 16. The rutile crystals are rarely geniculated. 

Fm. 14.-RutUe Fin. 16.-lci. FlO. 16.-(with titanic lrou) 

The production of secondary rutile through the decom­
position of olivine does not appear to have been previously 
noticed, although in decomposing phlogopite or biotite 1 it is 
a not uncommon occurrence, and its association with 
titanic iron 2 is well known. One of the most interesting 
and unusual features of the olivine in this rock is that it is 
yuunger than or contemporaneous with the chrome diop­
side and bronzite. Bronzite occurs enclosed within it, but 
olivine has not been observed enclosed within the bronzite. 
When thus enclosed in the olivine the bronzite is of more 
or less rounded form. 

In fig. 17, a rounded grain of clear diopside with good 
cleavages or partings is enclosed in fresh olivin(\ (Kentucky 
peridotite). 

FIG. 17.-Kentncky peridotite. d, dlopslde : FIG. 18.--e, enstatite, with specks 
o, olivine of biotite 

1 Cohen, Netus Jahrb. 1882, ii. p. 194. 
2 Cathrein, Zeits. fUr Kryst. vi. 1882, p. 244 ; Lasaulx, Zei.ts. JUr Kryst. 

viii. 1884, r· 54. 

0 
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In fig. 18, the endosed mineral is enstatite, distinguished 
from the diopside by much lower double refraction and by 
parallel extinction. The enstatite here encloses secondary 
biotite scales, and the biotite in turn contains small hexa­
gons of hematite. 

As is well known, olivine is almost always older than 
the more acid pyroxene in any given rock. Unless we sup­
pose that a subsequent fusion has produced it, or that there 
is a secondary olivine, there would appear to be an excep­
tion here to the useful and generally applicable rule that the 
constituents of a magma crystallise out in the order of 
diminishing basicity •1 According to Hussa.k, 2 augite and 
hornblende occur enclosed in olivine in the picrite-porphy­
rite of SteierdorC, Banat, and the enclosure of enstatite in 
olivine is often seen in meteorites. It is probable that 
these are cases of contemporaneous crystallisation. 

A highly refracting rhombic mineral, resembling olivine, 
also occurs in some remarkable zones which surround the 
bronzite in the Kimberley rock, and which have the appear­
ance of contact-fusion zones. These zones, in which the 
olivine makes a. pegmatitic or ' eozoonal ' structure, as in 
the chondri of meteorites, will be discussed more fully under 
~he description of enstatite. They may be the rudimentary 
stage of the compact olivine enclosing enstatite, and point 
to the contemporaneous and rapid crystallisation of olivine 
and enstatite-a common occurrence in meteorites. 

The significance of olivine as a characteristically igneous 
mineral, and as one readily produced by dry fusion, is well 
known.3 It is a. mineral of special interest, as regards the 
part it plays in connecting deep-seated terrestrial rocks with 
thoRe of celestial origin. 4 As the predominating constitu­
ent of the present rock, it places this clearly among the 

Rosenbuscb, Net~s Jalr.rb. 1882, ii. p. 7. 
' Verhandl. IUr geol. Reichsanstalf, 1881, p. 260. 
1 Bourgeois, Reproduction ArtiflcieUt des MiMr~Jux, Paris, 188f, p. 108. 
' Daubr~. Etudes SynthAtiq~s de G«Jlogie E:t:ph"imentale, Paris, 1879, 

p. 538 ; Wads worth, Lithological Stud us, 1884, p. Sf. 
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peridotites, while the idiomorphic character of the crystals, 
and the evidence of the action of a corrosive magma upon 
them, class the peridotite among the volcanic rather than 
the plutonic series. 

Pg1·oxenic Mineral.8.-Three clear green minerals, almost 
identical macroscopically, occur in the peridotite of Kimber­
ley, and are found loose in the decomposed 'blue ground.' 
These are sma.ragdite, bronzite, and chrome diopside or dial­
lage. These minerals are so hard and clear and free from 
inclusions that they have been cut as gems. They all have a 
light grass green colour, and a.re una.ttacked by acid, and 
all sink in a. Thoulet's solution, having a specific gravity 
of S. They can be distingnished from each other by specific 
gravity, by blowpipe te~ts, and especia~ly by optical means. 
All a.re coloured by chrome oxide, as is shown by blowpipe 
tests. 

Smaragdite.-This has the hornblende cleavage, and an 
extinction of about 15°. It has a. fine green colour, and in 
thin sections it is pleochroic in shades of green. The 
mineral has been analysed by Maskelyne and Flight, who 
found the composition of loose fragments in the blue ground 
of Du Toits Pan to be as follows : 

SiO,. 
Al10 3 (with Cr20 3) 

FeO 
CaO 
MgO 
Na.,O 
H 20 . 

• 52·97 
1·94 
4·52 

20·47 
17·49 

1·77 
0·58 

99·74 

Bronzite and Bastite .-Of the three related green 
minerals in the peridotite, bronzite is the most abundant.' It 

1 In 'be specimens from Kimberley, examined by Miss Raisin and my­
self (Geol. Mag. 1895, p. 496), the green mineral in mos,, if not in all, oases 
was not an enstati~, but an augi~.-T. G. B. 

c 2 
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occurs in crystals or crystalline plates with the characteristic 
fine atriation of enstatite, parallel to the vertical axis. It 
has a weaker double refraction than the other two minerals, 
its colours in polarised light being of the first order. It 
gives parallel extinction, and the cleavage plates show no 
hyperbolas. The plane of the optical axes is parallel to the 
cleavage. The colour is a paler green than that of the 
other two minerals. Before the blowpipe it is infusible, or 
nearly so. The specific gravity, as determined in Klein's 
cadmium solution, was 8·199. Maskalyne and Flight 1 have 
analysed loose fragments from the ' blue ground' of Du 
Toits Pan, a.s follows :-

Si02 • . 55·91 
Al20 3 2·64 
Cr20 1 0·54 
FeO. 4·99 
NiO. trace 
MgO . 84·91 
CaO. 0·45 

99·44 

They draw attention to the resemblance of this bronzite 
to that in the meteorite of Breitenbach. If, with Tscherma.k,1 

we draw the line between bronzite and enstatite at a con­
tent of 5 per cent. of iron protoxide, it will be seen that 
our mineral is just on that line; and thus, as having an 
intermediate composition, may be called with equal pro­
priety either bronzite or enstatite. 

The bronzite sometimes alters into biotite, which may 
occur in it in scales or plates which appear to be secondary. 
It also alters into bastite, which often entirely replaces the 
bronzite, and may be quite an abundant constituent. Bastite 
is distinguished from bronzite by a. faint yellowish colour, 

1 Quart. Journ. Geol. Soc. xu. 1874, p. 411. 
2 Lehrb. der Mineralogic, Wien, 1885, p. 443 • 
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weak pleochroism, and by the appearanee of a bisectrix in 
cleavage flakes. The plane of the optic axis is parallel to 
the fibres, and there is parallel extinction. It has a some­
what more fibrous character than bronzite, and with the 
latter forms the most abundant constituent of the rock 
after olivine. 

The blue fibrous substance which forms an alteration 
rim around olivine has already been mentioned. This 
peculiar mineral, common in the Kentucky rock, has a. 
dark indigo colour, and is faintly pleochroic, being dark 
indigo blue when the nicols are parallel to the fibres, and 
light greenish blue when at right angles (c > b or ). 
The plane of the optic axes is parallel to the fibres and the 
c axis and c = r. The blue colour disappears on heat­
ing the slide in acid, and the mineral is geiatinised. All 
these are the characters of bastite. In some cases it is 
almost isotropic, while in other cases some of the fibres 
have a double refraction nearly as high as enstatite, the 
tints rising nearly to yellow of the first order. In colour it 
somewhat resembles glaucophane. 

Bastite is well known as an alteration product of bronzite, 
but has not previously been observed as a. result of the 
change of olivine. From this circumstance, and from its 
deep blue colour, it may be justly considered as a new 
variety of bastite. 1 

Chrome-diopside.-The chrome-diopside has a fine 
emerald green colour, richer than that of the other two 
minerals. The specific gravity is higher than that of 
bronzite, being 3·267 (determined in cadmium solution). 
Its ready fusibility before the blowpipe, and its much higher 
colours in polarised light, also distinguish it from the 
bronzite. Cleavage fragments show a very faint pleochroism, 
not nearly as distinct as that of smaragdite, and an extinc-

1 I have occasionally observed a blue tinge, almost like a stain, and 
generally similar to this, in examining dark-coloured serpentines. I doubt 
whether its value is so great as to constitute a variety.-T. G. B. 
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tion angle of 890: In converging polarised light an axis 
appears on cleavage fragments which are parallel to 00 Pel:>. 

Three cleavages or partings, each well developed, also 
occur in chrome-diopside, so that it readily cleaves into 
almost cubical rhombs. It has an excellent cleavage 
parallel with oo Pcb, another, less perfect, parallel with 
oo PCXI, and another parallel with OP. This last is the 
sa.lite parting, and not a true cleavage. It is probably, as 
Tschermak,1 Vom Rath,2 and others have shown, due 
to the interposition of thin twinning lamellre parallel 
to the base, and the mineral might be called a sa.lite. 
Von Koksha.row 3 speaks of the ' zusammensetzungflachen ' 
in chrome-diopside from the U ra.ls as often confounded 
with true cleavage faces. The ordinary augitic prismatic 
cleavage is not apparent microscopically on these basal 
parting sections, but the pinaeoidal cleavages are seen aCJ 
fine lines crossing each other at right angles and parallel 
to the sides of the seetion. 

A cleavage. fragment gave tho angles oo Pcb 1\ 0 P= 106°, 
and a> PCXI 1\ 0 P=90°. 

The face of thA best cleavage, parallel to oo Poo has a 
pearly lustre, and is nearly or quite free from strire. The 
orthopinacoida.l cleavage plates are striated vertically, and 
show in convergent light a single axis identical with that 
seen in cleavage plates of diallage. 

The low extinction angle, 89°, is typical of a pure lime­
magnesia. diopside, free from iron, for both iron and ma~­
nesia, as Tschermak,4 Wiik,6 Herwig 6 and Doelter 7 have 
shown, tend to increase the extinction angle. The so­
called omphacite, occurring in ~clogites, peridotites, olivine 
bombs, and serpentines, seems to be but another name for 

1 Min. Mitth. 1871, p. 22. • Zeifs.filr Kryst. v. 1881, p. 495. 
• Materialien zur Mineralogie Russlands, iv. 1862, p. 259. 
• Min. Mitth . 1871, p. 22. 
• Finska Vetensk. Soc. FlJrha.ndl. xxiv. 1882, p. 33; x:r.v. 1883, p. 109. 
• PrO(;ramme des Gym11. Saarbrllclren, Nr. 416, 1884. 
' Netua Jahrb. 1885, ii. p. 43. 
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chrome-diopside, the composition and optical characters 
being identical.' 

Chrome-diopside gives birth to granular calcite, which 
always accompanies it when decomposed. When there is 
any doubt in the section as to whether a mineral is bronzite 
or chrome-diopside, the presence of calcite on its edges 
and in its cracks is often a sufficient criterion for diop11ide. 
The composition is probably that of the pure diopside 
molecule, CaO, MgO, 2Si0z. 

Chrome-diopside is well known to occur with enstatite 
in dunite, in lherzolite and in other peridotites and ser­
pentines, and in the 'olivine bombs' which are enclosed 
in basalt. Descloiseaux has described a chrome-diopside 
in the platiniferous (and diamantiferous?) peridotite of. 
Nischne-Tagilsk, Urals. 

Fluid or glass inclusions, resembling those in the olivine, 
were noticed in cleavage fragments of the chrome-diopside; 
which were otherwise pure. 

The fact has already been pointed out that bronzite and 
chrome-diopside occur sometimes enclosed in olivine, and 
sometimes surrounded by what seems to be a fusion zona. 
This fusion zone or growth zone has a peculiar worm­
like radiating structure, which may be compared with 
that of the kelyphite rim 2 around garnets in serpentine, or 
the radial zones around olivine in certain norites 3 and 
gabbros, or the so-called granophyric 4 or pegmatitic 6 

structure in some quartz-porphyries, or the struc ... 
ture in the chondri of meteorites.6 The principal 

. mineral in these zones is a colourless substance, in short 
worm-like forms, with a high index of refraction, high 

• Schrauf, Zeits.filr Kryst. vi. 1882, p. 329. 1 Ibid. p. 358. 
• Tiirnebohm, Neues Jahrb. 1877, p. 388 ; Becke, Min. und Petr. 

Mitth. iv. 1882, p. 450; Adams, American Naturalist, 1885, p. 1087. 
• Rosenbusch, Mikrosk. Physiogr. ii. 1887, p. 388. 
• Michel Levy, BuZZ. Soc. Geol. France, iii. 1875, p. 199; Ann. de& 

Mines, viii. 1875, p. 837. 
• Wadsworth, Lithological Studiu, 1884, p. 89. 
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double refraction, positive character, parallel extinction, 
and with traces of vertical and basal clea' age. The axis 
of greatest elasticity is at right angles to the best cleav­
age (b= ). The high colours in polarised light are identi­
cal with those of olivine, and serpentine sometimes replaces 
it. All these characters point to olivine as the mineral 
forming the greater part of the zone. These olivine prisms 
are all rounded, and radiate irregularly from the central 
bronzite. They are imbedded in a nearly amorphous 
glass-like brown serpentinous substance, and are accom­
pa.nied by small quantities of calcite, and of a. mineral 
with a bigb.index of refraction, but very low double refrac­
tion, which occurs in rectangular prisms, bas traces of a. 
cleavage in partings parallel to the base, and is nega.ti ve. 
This microlith, however, was noticed only in a few cases. 
Olivine, it seems, is the main constituent of tbeee zones. 
The grains are generally so minute and crowded together 
that they form a grey highly refracting fibrous border or 
fringe around the enstatite, like leucoxene around titanic 
iron. Farther away from the enstatite the grains become. 
larger and more worm-like, so that they can be separately 
studied. The structure of these zones resembles that figured 
by Becke, 1 as occurring around garnets in a. garn~t-olivine 
rock from Karlstii.tten, Lower Austria., and called by him 
' centric ' structure. He bas figured a similar structure 
in the ompbacites of certain eclogites, 2 and speaks of it as 
' darmzotteriabnlich.' 3 

It bas often been called a pegmatitic or micro-pegma­
titic structure, · since, in many instances, a number of the 
grains have the same orientation, extinguishing simultane­
ously, the two substances being contemporaneously crystal­
lised. This is also the case, to a limited extent, in the 
zones under consideration. Perhaps the term centro­
pegmatitic wouhi more nearly express it. Froni its 

t Min. und Petr. Mitth. iv. 1882. p. 326. (See Plate II. figs. 2 and 3.) 
• Loc. cit. p. 319. (Plate III. fig. 15.) • Ibid. p. 322. 
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resemblance to organic alga-like forms it might also be 
called ' eozoona.l.' More nearly allied, however, than any of 
these is a peculiar structure, often found in meteorites, 
for it is a phae~e of the so-called chondritic structure. As 
will subsequently appear, our rock has some close resem­
blances, both in composition and structure, to certain 
meteorites ; the structure of the zone that we are now 
attempting to describe has frequently been observed in 
meteorites, and has given rise to various conjectures. 

In the Kentucky rock I have noticed the same peg­
matitic olivine zones around the enstatite. The olivine 
grains in these zones are imbedded in a brown, nearly 
isotropic, substance, which suggests a serpentinised glass 
or base. 

Mica.-The mica. is, next to the olivine, the most 
abundant mineral, and in hand specimens it is the most 
conspicuous mineral. When the rock has been exposed to 
the weather it appears sprinkled with glittering mica 
crystals which, when weathered, form silvery spangles on 
the black rock. The ' blue ground ' and the soil about the 
diamond diggings, both at Kimberley and on the Vaal 
river, contain many fragments of mica, which is thus re­
garded as the principal indication of diamonds. In the 
rock which we are describing it is of a dark red-brown 
colour, like biotite or phlogopite, and is apparently quite 
fresh and undecomposed. Plates half a centimetre in 
diameter are very common, and sometimes pieces occur 
two centimetres in diameter. It is brittle when fresh. 
Before the blowpipe this mica melts quietly to a dark 
glass-sometimes slightly exfoliating. 

Under the microscope the mica. is seen to be nearly 
pure and unaltered. It occurs usually in thick isolated 
plates or crystals, lying like the olivine porphyritically in 
the ground mass. These are frequently polysynthetically 
twinned, according to the law so ably expounded by Tscher­
mak. It is indicated by the different absorption in the 
alternate layers. The extinction angle between the two 
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alternate atrial is about 10°, showing an extinction for single 
lamelllll of 5°. 

The mica seldom occurs in well bounded crystals, being 
more usually found in irregular plates. Sometimes the 
crystals are corroded, as if from a re-solution of the magma. 
Sometimes also a narrow rim of ' opacite ' surrounds the 
mica, this being particularly observable in such crystals as 
have been greatly corroded and rounded. This black rim 
(the 'opacit rand ') is never thick, and is only sometimes 
present. Sometimes the edges of the mica crystals are 
curved, this being the result of motion in the rock. In 
certain cases the mica is found to contain very small 
short thick rods of a highly refracting dark red substance, 
probably rutile. These rutile needles lie parallel to the 
base, and are probably a result of the partial decomposition 
of the mica. They indicate that the mica contained a 
small percentage of titanium. The production of rutile as 
a secondary mineral has been frequently observed in mag­
nesia-mica.• 

Another mode in which the mica occurs is around the 
garnets in the rock. Sometimes a large red pyrope will be 
entirely surrounded by a narrow zone of brown mica. 

A third method of oocurrence of the mica is in the form 
of small scales in enstatite, here apparently due to the 
alteration or corrosion of that mineral. This was noticed 
in only a few instances, and especially in those in which the 
enstatite was enclosed in olivine. In one instance, small 
scales of magnesia· mica alone were enclosed in olivine, as 
though the original enstatite had been entirely replaced 
by the mica. 

A fourth association in which we find magnesia-mica 
is as a product of the apparent fusion or metamorphism of 

1 Rosenbusch, MikrotJk. Phyriogr. i. 1885, p. 488 ; Dathe, Zeit&. DeuUch. 
Geol. Gesell. xuiv. 1882, p. 85; Cross, Min. und Petr. Mitth. iii. 1881, 
p. 872; Zirkel, Ber. der Sachs. Gesell. der Wiss. 1875, p. 202; Kalkowsky, 
Die Gneiss. Formation des Eulengebirges, 1878, p. 28; Williams, Neues 
Jahrb. Bell. Bd. ii. 1883, p. 617. 
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enclosed fragments of shale or other rocks. These enclosures 
are sometimes entirely altered into a nearly opaque dirty 
grey aggregate, largely composed of a. pleochroic mica., ap- · 
parently an impure scaly biotite. These mica. scales are 
highly pleochroic, and are, perhaps, another mica than 
that which composes the large porphyritic crystals, for the 
latter seem to be primary constituent~ of the rock. By 
decomposition or serpentinisation the mica is altered into an 
irregular mass of sericite, or talc-scales, in which round or 
oval masses of an apparently isotropic gum-like substance 
occur. . . , 

The optical characters of the mica. are unusual. Un­
like ordinary biotite, it has a weak pleochroism. As a 
prismatic section is revolved over the pola.riser the light 
brown colour, while varying in intensity, does not become 
dark. Similar weakly pleochroic magnesia-micas have been 
observed in other ultra-basic rocks. Zirkel 1 noticed such 
a mica. in the leucitite of the Leucite hills, Wyoming 
territory ; and Judd 2 has described an altered magnesian 
mica with feeble pleochroism in the ' Scyelite ' of Caith­
ness.3 The mica in the Kimberley rock has the usual 
index of refraction and high double refraction ; it hae a 
very small optic axial angle, and is a mica of the second 
order. The ' strike figure ' has one ray parallel to the 
symmetry plane, and to the plane of the optic axes. Opti­
cally, therefore, it is a. meroxene or phlogopite. 

Maskelyne and Flight 4 have analysed this mica in a 
decomposed state. In the soft ' blue ground ' of Du Toits 
Pan this mica in decomposing has absorbed much water 
and become a vermiculite, exfoliating when heated. To 
this substance Maskelyne and Flight have given the 

1 • Microscop. Petrogr.' U.S. Geol. Expl. 40th Par. vi. 1876, p. 261. 
t Quart. Journ. Geol. Soc. xli. 1886, p. 406. 

. 1 [I have observed a rather similar mica in a picrite from Sark, which 
presents a considerable resemblance to scyelite. Geol. Jfag. vi. 1889, p. llQ. 
-T.G.B.] 

• Quart. Journ. Geol. Soc. xxx. 1874, p. 409. 
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name of ' V a.alite.' In this state it is a. soft yellow or bluish­
green micaceous mineral, containing nearly 10 per cent. of 
water. _ 

The following is the composition of the ' V aa.lite ' :-

Si02 • 40·83 
~03 9·80 
~,e203 6·84 
Cr:Pa trace 
MgO • Sl·S4 
N~O 0•67 
H20 9·72 

g9·20 

Garnet.-Deep-red rounded grains of clear pyrope are 
abundant in the' blue ground,' and these, with black grains 
of titanic iron, remain with the diamonds in the final wash­
ings. Pyropes are also seen imbedded in the dark green 
peridotite rock. They have been utilised as gems. The 
pyropes which were observed in thin sections were isotropic, 
nearly pure and always rounded. In one case a. pyrope 
was surrounded by a zone of magnesia-mica. Cracks 
penetrate the pyropes irregularly, as is usual. 

Another variety of garnet occurs, which greatly resem­
bles the diamond. These garnets are very small, colourless, 
or with a. faint tinge of green, and have such a high index 
of refraction that it is difficult to see their shape. They are 
crystallised apparently in forms strongly suggesting the dia­
mond, the faces being sometimes curved, and the octahedral 
forms apparently predominating. They are una.ttacked by 
acids, including hydrofluoric acid. They melt readily to 
glass in a crucible, and may thus be distinguished from dia­
monds. Most of them are so small as to be seen only with 
high powers, and they are then readily confounded with 
minute diamonds. They probably belong to the variety of 
garnet called' demantoid,' 1 which is found in the diamond 

1 Ramn1elsberg, Zeit1. Deutsch. GeoZ. Gesell. xxix. 1877, p. 819. 
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region of Syssersk, Urals, imbedded in serpentine.1 Other 
small garnets, again, of bluish-green colour, giving a chrome 
readion, may belong to the variety named ' ouvarovite.' 

The pyropes are about as abundant as in the garnet­
bearing serpentines, and it is probable that many of these 
serpentines have been derived from a peridotite of similar 
nature to that now under consideration. These serpeutines 
are related not merely in the occurrence of garnet, but also 
in the association of olivine, bronzite, diallage and some­
times perovskite, and even diamond. 

Perm·skite.-Perovskite is an abundant and charac­
teristic mineral in the rock under consideration. It occurs 
in crystals, in crystalline · aggre­
gates, and in combination with 
ilmenite. It wa.s isolated with the 
garnets from the other constituents 
by treatment with sulphuric and 
hydrofluoric acids, and submitted 
to blowpipe tests. Most of the 
mineral thUH isolated was in the 
form of brownish-black cubical crys- F10. u.-Perovsklte 

talA, with octahedral truncations . 
(fig. 19). These crystals were almost all of a nearly uniform 
size. In the thin sections the perovskite appeared as reddish­
brown crystals or aggregates, deep yellow when thin, but 
sometimes nearly opaque, scattered .abundantly through 
the ground-mass. In their deep colour and very high index 
of refraction they resembled the rutile grains of the 
crystalline schists, but were readily distinguished from that 
mineral or from zircon by their remarkably low power of 
double refraction. The colour in polarised light seldom 
rose above grey of the first order, and was sometimes as 
high as white of the first order. The cha.racteristic optical 
properties therefore are an index of refraction nearly as 

1 Losch, Neuu Jahrb, 1879, p. 785; Verhandl. der Russ. Miner. Guell. 
xiii. 1878, p. 432 ; xvi. 1881, p. 299. 
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high as rutile (over 2) and a power of double refraction 
about as low as zoisite ("/ - a = ·005). The low double 
refraction, together with the opacity often caused by in­
clusions of ilmenite or chromite, mi6ht in some cases cause 
it to be mistaken for a dark spinel or other isotropic 
mineral. In no case, however, is the perovskite isotropic. 
Extinction always occurs parallel to the diagonal of the 
cube. Pleochroism is extremely faint. The form and 
optical properties of the perovskite show that in all cases it 
belongs to the rhombic system, and is in the form of twins, 
or of aggregates of twins. The commonest form is that 
of interpenetrative twins, so crossed as to form a cube. 
The following are common forms as seen in ordinary 
light:-

Flo JO 

PIG. tl FIO. ts FIG. ta 

FIGS. 10-23.-Twinned perovakite 

A cleavage or parting occurs parallel to the cubic faces. 
Re-entrant angles usually divide the elements of the twins, 
but these are still better indicated by the optical characters 
of the mineral. The extinction is always parallel to the 
diagonal of the cube, as shown by the dotted lines in 
figs. 21, 22, and 28. The apparent cube appears to be 
composed of interpenetrating rhombic individuals, whose 
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basal pina.coids form the octahedral replacements of the 
cube. Very frequently four individuals are seen grouped 
to form a single square, dark lines dividing the deep yellow 
crystal. The entire cube would then be composed of six 
individuals.1 

A second kind of twinning is also common in this 
perovskite, producing the appearance with crossing nicols 
of a series of parallel alternately coloured bands, like the 
polysyntbetic twinning in plagioclase felspars. The bands 
are ag&.in often crossed at right angles, as in microcline. 
These lamella) are parallel to the cubic faces of the com­
pound twin. They are alternately pale greenish-blue and 
pale greenish-yellow, and are all simultaneously extin­
guished when they are turned at an angle of 45° to the 
nicols. The following are among the forms which are seen 
by the use of this apparatus :-

Flo. 24.-Twlnned peroTBklte (o1'0181ng nloola) 

It seems, therefore, that a series of rhombic prisms are 
twinned according to two laws at the same time, the 
apparent cubo-octahedrons being in reality compound 

1 See Neuu Jahrb. 1878, p. 88. 
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twins. The following, fig. 25, represents diagrammatically 
this double twinning. 

FIG. 26.-Twlnned perovsklte 

We have here apparently a polysynthetic or parallel 
growth, and a simple interpenetrative twinning according 
to P. The optical peculiarities of perovskite have long been 
a subject of discussion, and diverse views are at the present 
time held as to the crystalline system to which it belongs. 
Some crystallographers 1 hold that perovskite is a. regular 
mineral, with optical anomalies which are due to strain ; 
while others 2 believe it to be a rhombic mineral, occurring 
in compound twins belonging to the class of ' mimetic ' 
minerals. 

The brighter colours of single lamellre, and of certain 
portions of the compound crystals in the Kimberley rock, 
suggest that the very weak double refraction exhibited by 
the crystals, as a whole, may be due to the overlapping of 
two or more simple components producing a compensation ; 
a ·weak double refraction belonging to the unt.winned 
mineral. The re-entrant augles, so common in the 
Kimberley crystals, seem to have been rarely observed 

1 Klein, Zirkel, Ben Saude. 
• Descloiseaux, llaumhauer, Groth, Von Koksha.row, Tschermak, &c. 
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in the perovskites of other localities. The striation 
parallel to the cuhieal faces, extinguishing when the section 
is at 45° to the polarisers, occurs also on perovskite from 
Zermatt, from the Urals (where also all the crystals are 
penetration-twins), from the Tyrol, from Arkansas, froru 
Wiesenthal (Erzgebirge), &c. The figures of perovskite 
grains out of the nepheline-basalt of the last locality, as 
given by Saner, 1 are very similar to those given above from 
the Kimberley miri.eral. 

Perovskite also occurs in the Kimberley peridotite in 
aggregates of cryotals and in irregular grains. v~ry fre­
quently these crystals or grains eucbse one or more opaque 
black ochthedral" crvstals of a titauiferous magnetite (or 
other spinelliJ). · Often an octahedron or cube of perovskite 
will have a black grain in the very centre, and when an 
aggregate of such crystals occurs, each of its components 
may hM·e a black grain in its centre. 

-
FIG. 26.-lnclusions in perovskite FIG. 27.-Titanic iron in perovsldte 

This is so common an appearance that one is led to 
suspect that the perovskite is a secondary mineral, made 
out of the older titanic iron through some reaction with the 
basic magma. While, generally, the titanic iron is in the 
form of small grains in the perovskite, as shown in the 
above figures, sometimes the perovskite forms a narrow 
fringe on one side of a larger mass of titanic h·on, or makes 
a shell around it. Sometimes also a crack in a mass of 
titanic iron is filled with perovskite, as . if by a secondary 
mineral. 

That titanic iron is older than th~ perovskite is proved 
by the fact that while titanic iron occurs as an enclosure 
in the olivine, perovskite n£Ver does so. 

' 
1 Zeits. Deutsch. Gcol. Gesell. x:u:vii. 1885, p. 447. 

D 
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It is very common to find the small perovskite crystals 
surrounding a large crystal of olivine,- as if attracted to it. 
The following figures are examples of this peculiauity :-

FIG. ts.-Perovoldte mrroundlng 
olivine 

0 Jl 

·---~ 
Fm. 211.--o, olhine: r, mtile ; 

1, eerpentlne: p , peroveldte 

The perovskite crystals lie on the outer sides of the 
olivine crystal, as if a. later growth. In the samP­
manner perovskite is attached to the outer surface of 
serpentine pseudomorphs aftE>r olivine. Fig. 29 shows 
such a case; and shows also in the serpentinised olivine 
secondary rutile needles growing out of a grain of titanic 
iron, as already described under olivine. 

A similar grouping of small perovskite crystals, like a. 
wreath, around the olivines has been noticed by Stelzner' 
in the melilite-basalt of Hammerer Spitzberg, near Warten­
berg; Bohemia (the so-called 'nephelin-pikrit' of Boficky),1 

which is rich in perovskite. 
Perovskite is one of the most characteristic minerals for 

the felspar-(ree basic eruptive rocks. As a rock ingredient 
it was first detected by Boficky 3 in the above-named 
melilite-basalt of Wartenberg. Hussa.k 4 proved its exist­
ence in the nepheline and leucite lavas of the Eifel; 
Stelzner6 showed that it was a constant constituent of 
melilite-ba.salts, and Sa.uer6 that it occurred vAry commonly 
in the nepheline and leucite-ba.salts of the Erzgebirge. 

1 Neuea Jahrb. Beil. Bd. ii. 1888, p. 415. 
• Sitzber. tkr math.-naturw. Classe der IK!hm. Gesell. Prague, 1876, 

p. 229. • Loc. cit. 
• Sitzbe.r. Akad. Wien, lxxvii. 1878 (Abth. 1), p. 841. 
• Neues Jahrb. Beil. Bd. ii. 1883, p. 896. 
• Erlttuterungen zur geologischen Specialkarte tks KIJnigreichs Sachsen; 

Section Kupf.el:berg. Leipzig, 1882, p. 70. 
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Perovskite has not been identified in a peridotite until 
quite recently, when my friend, Dr. G. H. Williams, observed 
it in an eruptive peridotite-closely resembling the Kim­
berley rock-in the State of New York. It has probably 
been mistaken frequently for other minerals. The 
colour and form, the similarity to picotite, the included 
opn.que grains, and the mineral associations, all indicate 
perovskite rather than zircon. Diller 1 has described, as 
probably anatase, certain yellowish, highly-refracting_ grains 
occurring around and penetrating ilmenite in an eruptive 
porphyritic peridotite in Elliott County, Kentucky. Through 
the courtesy of Mr. Diller and of Prof. A. R. Crandall, I 
have r~ceived specimens of this interesting rock, and find 
that these grains are identic11.J with the perovskite of the 
J{i.mberley rock.2 The same form, colour, and enclosures, 
the same twinning structure, th~ same high indt:~x of re­
fraction and low power of double refraction, and tho same 
minE-ral associations, occur in the Kentucky as in the Kim­
berley peridotite. 

It is an interesting fact that, sp€akiug generally, the 
titanium in acid eruptive rocks takes the form of sphene, 
in basic non-felspathic rocks of perovskite, and in rocks of 
intermediate ba~icity, the felspar-basalts, of ilmenite or 
titanic · iron. An explanation is offered by an important 
experiment performed by Bourgeois,3 who was able to form 
artificial perovskite by fusing its elements with various 
silicates and basic rocks, and who found that below a certain 
point of acidity only perovekite was formed, while above 
that point only . sphene was produced. With a titanic 
spinellid as the primary titanium mineral, the reaction of 
a basic magma .would produce perovskite (as in leucite­
and melilite-basalts and in peridotite), while the rE-action 
of an acid magma would produce Pphene (as in granite, 

1 A mer. Journ .. Sci. xxxii. 1RR6, p. 124. [Mr. Diller has since withdrawn 
ibis opinion.] 

• }'or a description of this rock see Section Ill. 
1 Ann. Phys. Chim. xxix. 1883, p. 481. 

D2 
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and trachyte).1 In both cases the titanic spinellid or 
ilmenite is surrounded or penetrated by the younger sphene 
or perovskite, silica being necessary for the formation of 
sphene out of titanic iron, but not for that of the more basic 
perovskite. 

I II 

Flo. 30.-Perovoldte. I, plain : U, polarloed 

The other minerals, which are to be found in examining 
the specimens from Kimberley, with the exception of the 
diamond, are less important. 

Magnetite, chromite, titaniferous-magnetite, and picotite, 
-four isomorphous minerals with difficulty distinguished 
from one another 2-occur in small grains or crystals scattered 
through the gromtd-mass. Chromite is, perhaps, the most 
abundant of the four, and is primary, while magnetite may 
in part result from the decomposition of the olivine. The 
chromite is abundant in minute octahedrons. It is a 
mineral to be expected in a magnesian rock, occurring in 
almost all serpentines. Picotite or pleonaste occurs in similar 
minute grains, the latter of a dark green colour in trans­
mitted light. Both the chromite and the spinel-mineral are 
much smaller than the perovskite crystals. 

Another black mineral in octahedrons occurs in asso­
ciation with rutile. Ilmenite proper is, of course, rhom­
bohedral, and usually is in thin plates. This mineral may 
be the same that so often occurs in basalts, and was called 
• trapp-eisenerz' by Breithaupt. In titaniferous magnetite 

1 Sphene 1~so occurs in clll!olite-syenite and phonolite. 
• For some remarks on this point see Wadsworth, Lithological Studies, 

section vii. 
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of this character, in the nepheline-dolerite of Meiches, Knop 1 

found 25 per cent. of titanic iron. 
Ilmenite is in plates with a purplish metallic glance, a.a 

in Rowley Regis basalt ; a.nd also probably in grains. 
Apatite.-In small hexagonal colourless crystals, with a 

high index of refraction and a low double refraction. The 
crystals are unusually short, and have a negative character. 
Sometimes the apatite is faint11 pleochroic. It occurs in short 
crystals in the ground-mass, and also in long actinolite-like 
crystals, apparently as a contact mineral around enclosures. 

Epidote is in pale yellow grains, with a high index of 
refraction and a weak yellow pleochroism, and is apparently 
a secondary mineral due to decomposition. 

Orthite is one of the most interesting of the non-eBSen­
tial minerals. It was noticed in large rounded cleavable 
grains, as if a primary constituent. It has a chestnut­
brown to yellowish-brown colour in transmitted light, and 
is pleochroic. The pleochroism is more marked than that 
of epidote, changing· from light to dark brown. It has a 
yery high index of refraction, so that its surface appears 
wrinkled or shagreened. The double refraction is not so 
high as that of olivine. It has an excellent cleavage parallel 
to the base, OP, and another parallel to ao Poo. On the 
basal face or cleavage plane an axis appears in converging 
light not quite in the centre of the field, and this axis 
shows a hyperbola coloured green inside and red out­
side, as in epidote.2 The plane of the optic axis is diagonal 
to the cleavage, and the character is negative. All these 
characters agree with those of orthite, although this is a 
new association for that mineral. Orthite occurs in many 
granitic and hornblendic rocks, as shown by Tornebohm,• 
Sjogren,4 and others, and was found by Vom Rath 6 in 

• Neuu. Jahrb. 1877, p. 696. 
• Rosenbusch, Mikrosk. Physiogr. i. 1885, p. 496. 
1 Vega-E;rped. Vetensk. Iakttagelser, Stockholm, iv. 1887, p. 124. 
• Stockholm, Geol. lliJren. Flirhandl. iii. 1876-77, p. 258. 
• Zeits. Deutsch. Geol. Gesell. xvi. 1864, p. 255, 
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tonalite, but seems not to have been previously obse1"Ved iu 
peridotite or serpentine. 

1'ourmaline, in strongiy pleochroic short prisms, is a. 
rare but interesting constituent of the rock, being espeCially 
abundant around certain inclusions of sh~t.le. 1 Its pleochroism 
changes from brown to light blue. This and other minerals 
in small quantities are best detected afttr treating the thin 
section with hydrochloric acid. 

Sphene, or titanite, was rarely observed, only a few 
irregular grains being noticed. The finely fibrous form of 
·sphene as a secondary mineral, known as leucoxene, also 
rarely occurs. 

Tremolite has already been described, also rutile, as 
secondary minerals. 

Serpentine and serpentinous minerals, as already stated, 
form a large part of the rock, resulting from the decom­
position of olivine. 

Talc.-Very minute scales of this mineral were noticed 
in the ground-mass, and, as a. contact or alteration mineral, 
around certain enclosures. It was highly refracting, had a 
wavy sheen, high colour, and parallel extinction. 

Calcite is abundantly present in this rock. Diopside 
can be seen directly altering into this mineral, but the 
quantity of diopside is so small that we must look else­
where for the large mass of calcite that penetrates the 
rock. It is possible that some readily decomposed lime­
bearing mineral, like melilite, originally furnished it; but it 
may be that, as Cohen2 has suggested, the lime has filtered 
in from without. Calcite is said frequently to form a crust 
around the diamonds. 

1 It will be remembered that tourmaline is very oft.en a product of con­
tact metamorphism in an aluminous rock.-T. G. B. 

• Neues Jahrb. Beil. Bd. v. 1887, p. 195. Cohen here holds, in opposition 
to Moulle and others, that the • calc-tuff' encrusting the • blue ground' 
at the diamond mines is not derived from the diamantiferous ground; bu& 
is a later deposit from brackish water during a depression in the Pleistocene 
Period. 
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Zeolitea occur in cavities and cracks as a product of 
infiltration and decomposition. They are very rare in the 
hard rock here described, but new-er the surface of the 
mine thay occur abundantly in the decomposed blue ground, 
sometimes forming rock-like masses. The princi1Ja.l zeolite 
is natrolite. Fibres of natrolite were seen in thin sections 
radiating inwards, with a more or less tufted arrangement, 
from the outer edge of a mass of calcite. 

Chalcedony was observed in one instance filling a· 
microscopic ca. vity in the rock. 

Cyanite. -A microscopic mineral occurs in minute 
quantity in the peridotite, whose exact nature is uncertain, 
but whose optical characters seem to agree more closely 
with cya.nite than with any other known mineral. It is 
particularly interesting, as forming usually a zone around 
enclosures of shale and other rocks, as if a contact mineral. 
It usually forms a fine compact crystalline zone, but some-· 
times the separate crystals are large enough to be 
separately studied under the microscope. It occurs in' 
fibrous masses resembling cyanite or actinolite, and has' 
the following properties : a high index of refraction, about 
equal to that of pyroxene; the double refraction low, being 
lower than in actinolite. It is very faintly pleochroic from 
pale blue to faint green, or, more accurately, pale lavender 
(corresponding to a) to pale greenish-lavender (correspond­
ing to r). The fibrous structure is well marked in this 
mineral. It has two cleavages, one parallel to the fibre~, 
and one at right angles to them, the latter a 
often causing a separation, as in apatite. 1' 

The crystals seem to be brittle, being ~ I 
often broken, as is so common in silli- ~c 

ma.nite. It has a large angle of extinction 
( = 32°-35°). It is unatta.eked by acid. 
All th h te to b th f FlO. 31 .-Cyaulte? ese c a.ra.c rs seem e ose o a, Ia. vender; ,, greeutab 

cyanite. It would be curious, however, 
to find cyanite forming contact zones around enclosures 
in a peridotite. 

Digitized by Goog le 



40 THE MATRIX OF THE DIAMOND 

Diamond.-We have dererred to the last the considera­
tion of the most interesting mineral in our rock. While 
the diamond is very difficult to observe in thin sections, it 
has been found abundantly in the decomposed portion 
of the peridotite. In practice it is obtained by the fol­
lowing process 1 : The ' blue ground ' is spread out upon 
the ground and exposed to the sunshine. After a period, 
dependent on the original condition of the rock, it has 
crumbled to a coars~ powder, and is then placed in rotating 
washers, and all the lighter .material washed away. The 
residue of chromic and titanic iron, garnet, pyroxene, &c., 
among which are the diamonds, is then picked over by 
hand, and the diamonds are separated. The number of 
diamonds thus obtained is something extraordinary. It is 
interesting also to find that they become more abundant 
the deeper they are from the surface, and where also the 
volcanic action was more intense. They are well crystal­
lised in sharp ~ta.hedrons, also in dodecahedrons, at times. 
The crystallography of African diamonds 2 has been de­
scribed by several mineralogists, and it is not to our 
purpose to enter upon that subject. 

Carbonados and blMk diamonds are also common, not 
only in large crystals, but very abundft.ntly as minute, 
almost microscopic, crystals. The abundance of these 
minute crystals is another proof that they are not 
enclosures brought up from some other matrix. 

I feel some hesitation in describing certain small highly 
refracting crystals in the thin sections of the rock, which 
may possibly be referred to as dift.monds. Former at­
tempts to describe microscopic diamonds in rock Fections 
have not been successfuJ. 'rhus, Professor Jeremt-jew3 

1 T. Reunert, Cape of Good Hope Official Handbook, 1886, p. 213. 
Moulle, • Memoire· sur la geologie generale et sur les mines de diaman' 
de !'Afrique du Sud,' Ann. des Mines, vii. 1886, p. 193. 

• Among later papers are Kunz, Proc. An~er. Acad. Sci. and Arts, x:niv. 
1886, p. 250. ' 

1 ' Mikrosk. Diamanteinscbliisse im Xantbopbyllit der Scbiscbimskischen 
Berge des Urals;' Neues Jahrb. 1871, p. 589. 
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thought he had found microscopic diamonds in xa.nthophyl­
lite from the Urals, the diamonds, in the form of hexa­
kistetrahedrons, being held to be very abundant; but 
Professor Knop,1 after a very painstaking and convincing 
examination, proved the suppoeed diamcnds to be merely 
holes in the xanthophyllite, the holes being probably 
negative crystals due to corrosion. By rubbing copper 
oxide on a dry slide he filled these holes with the black 
powder. 

Anoth~r supposed discovery of diamonds in the matrix 
was. announced by Fouque and Levy,2 in 1879. They 
thought that they had observed numerous small diamonds 
in a thin section of the diabase, the so-called ' ophite 
andesitique,' which ·forms overflow sheets in the Karoo 
shales, and they published photographs of these supposed 
diamonds in sections. But, as they afterwards found,3 

these also were only holes. · 
The very minute, isotropic, highly refracting crystals 

occasionally seen in a thin section of the Kimberley 
peridotite are certainly not holts, for they are some~imes 
of a faint yellowish, or, more frequently, bluish colour, and 
are often entirely embedded in the ground-mass. They 
never occur as enclosures in other minerals, but, like 
the perovskite, lie scattered in the ground-mass only; 
belonging, therefore, to a. later n III 

generation of minerals than ~ 
the olivine. and bronzite. '-J 
They are always in the form 
of entire crystals, even in 

FIG. Bli.-Minute diamonds 

the thinnest slide, as if they were too hard to be cut. The 
shape is that of an octahedron with rounded faces ; tri-

I 'Ueber die Bedeutung der fiir Diamant gehaltenen Einschliir.se im 
X&nthophyllii der Sohischimskischen Berge des Urals,' Neues Jahrb. 1872, 
p. 785. 

• 'Note sur les Roches accompagnant et contenani le diamant dans 
l'Mrique Australe,' Bull. Soc. Min. de France, ii. 1879, p. 216. 

1 Neu.es Jahrb. i. 1881', p. 194, 
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angular facets are also seen. (In some cases larger holes of 
the same octahedral shape may be observed in the section, 
as though a. crystal had dropped out during the process of 
grinding.) Frequently these bodies seem to have concave 
faces, viz., as in fig. 32, ii. and iii.; this, however, is probably 
only an optical illusion. They sometimes have a decided 
yellow colour. They have a high index of refraction, and a 
dark rim around them. They are usually. isotropic, but 
traces of weak double refraction in the centre of one of the 
crystals have been seen, a pale bluish colour appearing in 
certain positions, as if it were a crystal under strain~ I 

took some of the same rock from 
which the section was made, and 
after pulverizing it, separated 
the heaviest portion by means 
of Thoulet's solution. This was 
put upon a glass plate with a. few 
drops of water, and then rubbed 
with a. polished sapphire. The 
sapphire was clearly scratched. 
A photograph of one of these 

Fto. 33.-Mloroaooplo oectlon of the • · 
Kimberley perldotlte. f, Ilmenite: bodies (fig. 33) WQS taken by a 
'· tltaulc Iron: d, diamond(?) f . d h d d' d ., r1en , t e suppose 1amon 

lying between three crystals of titanic· iron. Four of these 
supposed diamonds were seen in a single section of the 
rock. 

I a.m not, however, prepared to state that .these bodies 
are diamonds, not having been able to isolate them. 
Several colourless isotropic minerals appear in the rock, 
among which a colourless garnet, probably demantoid, 
occurs in small crystals and might readily be supposed to 
be a diamond. 

Mr. Hedley, of the Colonial Exhibition, from whom I 
obtained my specimens, informed me that diamonds have 
been found in the rock as well as in the soft decomposed 
material ; but as yet their detection under the microscope 
cannot be said to be frt:.e from doubt. · 
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The larger diamonds from Kimberley have been the 
subject of study by several investigators. They have been 
found sometimes to have optical anomalies due to strain, 
so that they are not perfectly isotropic. Fizeau thought· 
this str!Un to have been caused by the unequal distribution 
of heat during rapid cooling; but Jannetta.z1 holds that 
the strain is due to compressed gas in the interior of the 
cl'yeta.l. The latter theory seems to be supported by the 
fact that the diamonds frequently crack or fly to pieces 
arter having been taken from the mine. It is a. pheno­
menon perhaps similar to that which occurs with the 
smoky quartz of Branchville, Connecticut, which, as 
Wright 2 has proved, is filled with liquid carbonic acid, and 
flies to pieces with a report when struck, as so well 
described by Hawes.3 The fact that fragments of the 
diamonds are often found separated in the mine has been 
Ubed as an argument that the blue ground is not a volcanic 
rock bnt an aqueous mud derived from one. This argu- . 
ment falls to the ground on our knowing that the separation 
of these fragments is not due to a flow of the matrix, but to 
the bursting of the diamonds themsalves on exposure to 
the atmosphere. 

The Kimberley diamonds contain various enclosures, 4 

among which hematite is the most abundant. Zirkel,6 

before the discovery of the South African diamond mines, 
gave a full resume of the inclusions in diamonds. Schrau£6 

has described a curious case of one diamond enclosed in 
another, a fact formerly mentioned by Kenngott.7 The 
researches of Harting8 upon inclusions in diamonds, as 

' • Sur les colorations do diaman' dansla lumiiOre polari~e,' Bull. Soc. 
Min. de Franc;e, ii. 1879; p. 124. 

• Amer. Jottm. Sci. xxi. 1881, p. 209. 1 Ibid. p. 203. 
- • Cohen, Neuea Jahf•b. 1876, p. 752. 

• Zirkel, Mikrosk. Be~Chajf. tier Min. 1878, p. 250 (gives literature). 
• Tschermak, Min. Mitth. 1873, p. 289. 
' Wien. Akad. Sitzber. x. 1858, p. 182. 
• Verhdl. d. Kon.Instit. van Wetensch., Letterkunde 4c. te An,.,terdam, 

vi. 1858. 
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well as those of Brewster, Petzhold, Wohler and Desclois· 
eaux, Sorby and Butler, Damour and Dumas can only . 
here be mentioned. The supposed discovery by Goeppert 1 

of plants and organic cells in the diamond has not yet been 
verified. 

The explorations of the last few years have placed it 
beyond questioQ that the serpentine rock called 'blue 
ground' is in reality the matrix of the diamond. For a 
time it was thought that the diamonds were washed into 
the 'kopjes' fron;t above, being m.ere alluvial deposits, as 
held by Mr. Cooper 2 and others; afterwards, and until the 
present time, the idea has been general that they were 
carried up .from below along with other inclusions, and 
that their true matrix was some gneiss or itacolumite far 
below, from which they bad become detached by volcanic 
agency. Others again, such as Doll,3 hold that while the 
serpentinous rock is the matrix of the diamond, the latter is 

. a secondary mineral due to the decomposition of the rock. 
But recent investigations seem to place it beyond ques­

tion that diamonds are as much a part of the Kimberley 
rock as biotite, garnet, titanic and chromic iron and perovs­
kite, and that, like these minerals, they may be considered as 
a rock ingredient. The fact that they continue just as abun­
dant, if not more so, the deeper the mines are explored : 
that they are never found in, or especially asso~iated with, 
the foreign inclusions of gneiss, granite, or sandst'lne : that 
they are distributed abundantly through all parts of the 
rock : and that in each of the four principal mines the 
diamonds have distinctive features of colour, lustre, and 
shape, are, with the microscopical evidence of the eruptive 

1 'Ueber algtmartige Einschliisse in Diamanten,' Breslau . .A.bhandl. der 
schles. Gesell. fUr valerlitndische Cultur, Abth. fiir Naturwiseenschaften 
und Medicin, 1868-69, p. 61. He describes sup)>O&ed algm enclosed in 
diamonds, comparing them with. Eozoon and Oldhamia, and names ihem 
'Protocoocus adamantinus • and ' Palmogloeites adamantinus.' 

• Cooper, Proc. Geol. Assoc. iii. 1874, p. 836. 
• Verl1a1ull. geol. lleicl,aat18lalt, 1880, p. 78. 
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character of the rock, strong reasons for holding that the 
diamonds now lie in their original matrix. 

G1·ound-m.aRs.-All the above-described minerals lie, 
some of them porphyritically, in a ground-mass or base, 
which we may now examine. This is a more or less 
homogeneous serpentinous mass, which, by reason 'Of the 
decomposition it has suffered, is very difficult to study. 
It is now mainly composed of a nearly isotropic serpentinous 
mineral mixed with calcite. By treating the slide with hot 
hydrochloric acid, the iron and calcite are dissolved a.way 
and the amorphous and more readily soluble portions of 
the grvund-mass eliminated, so that trR.ces of the original 
structure for the first time become visible. Forms· of small 
prismatic crystals (possibly a pyroxenic mineral) can now 
be seen occasionally, and between them are traces of an 
isotropic substance which may indicate a non-crystalline 
base. Certain resemblances can be traced to the ground­
mass of sundry decomposed basaltic or other ba.sal rocks. 
The base now, however, is a greenish serpentinous substance 
full of calcite grains, flour-like grains of gibbsite, rounded 
dusty masses of ferruginous and kaolinic material, &c., the 
original structure being entirely lost through disintegration. 
Until fresher specimens are obtained it is impossible to speak 
with any confidence concerning the original l!tructure of the 
ground-mass. · In one case already mentioned, a brown glass 
was noticed enclosed in olivine. Any similar basic glass in 
the ground-mass has long since been entirely decomposed. 

Fragmental Enclosures.-Fragments, both of the adjoin­
ing shale and diabase, and also of more deeply seated 
granite, gneiss, eclogite and other rocks, occur in the 
Kimberley peridotite. Those of shale are by far the most 
numerous, sometimes becoming so abundant as to form 
the greater portion of the rock.1 A breccia of shale 

1 Nevertheless in a large specimen, given to me by Sir J. B. Stone, I 
could not with certainty identify any shale, even under the microscope, but 
fragmen~s of a compact rock of peculiar structure were present. See Gecl. 
.Mag. 1895, p. 49tl. (lt is represented on Plate 1.- T. G. B.) 
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cemented by the serpentinons rock may then occnr. The 
adjoining shale in place is a black bituminous rock full of 
pyrite, burning when set on fire. When kept, both un­
burned and burned specimens after a time become covered 
with alum. The fragments of shale in the peridotite are 
more compact and have lost their shaly character, their 
bituminous or carbonaceous matter and their sulphur. 
The microscope shows that they have also frequently been 
mineralogically altered by the heat of the lava; having 
lost the character of a shale and become filled with aggrfi­
gates of micaceous minerals. . Often the shale fragment is 
corroded away to a skeleton or shell, filled with the ground­
mass (fig. 34). In another case a zone of grey kaolin-like 

FIG. 34.-llhale fragment filled with the 
ground.mass 

FIG. 35.-S!tale fragment surrounded 
by calcite 

substance occurred around the fragment, while calcite was 
outside of all (fig. 35). 

These enclosures occur of all sizes, from fine powder to 
very large masses. The largest masses are seen only at 
the top of the mine, and are made of shale; they are 
ca1led ' floating reef.' In regard also to Pmaller frag­
ments, shale is most abundant at the top of the mine, and 
less abundant the deeper we penetrate. Rounded fragments 
of granite, mica-schist, aud quartzite are found, though 
rarely, and fragments of diabase also occur. All seem to 
have been carried upwards. 

Chemical Compositiun of the Ground-mass.-AJmost all of 
the rock is soluble in acid, a small residue of · garnets, 
biotite, bronzite, perovskite, ilmenite, chromite, &c., re­
maining. By repeated treatment with hydrofluoric and 
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tmlphuric acid all the silicates except garnet are dissolved, 
which with perovskite forms the larger part of the residue. 

The specific gravity of the rock was determined by the 
use of Klein's cadmium solution and Westphal's balance, 
and is somewhat less than the true specific gravity. 

Two varieties were analysed 1 :-

I. The least decomposed rock, with few shale enclosnrf's. 
II. The more decomposf3d rock, with many shale 

enclosures (diamantiferous). 

Si02 (with some Ti02) 

FeO (including Al203) 

MgO 
CaO 
Na~O • 
C02 

I, 

• 88·00 
12·00 

• 82·88 
9·60 
0·67 
7·05 
6·00 H 20 (carbonaceous matter, &c.) • 

Spec. grav. 
100•70 

• 2•784 

n. 
8t·80 
14·40 
80·76 
2·70 
1·40 
5·55 

10·60 

100·21 
2·64-2•70 

Since, in Analysis I. 8·97 of the CaO clearly belongs to 
the 7•05 C011, We get : M, eliminating the calcite : 

III, IV. 

Si02, &c. 88·00 Si02, &c. 89•25 
FeO, &c. 12'00 FeO, &c. 14•27 
MgO 82·88 MgO 88•51 
CaO 0 ·68 CaO 0•75 
Na20 0 ·67 Na20 0•79 
CaC03 (calcite) 16·02 H 20, &c. 7•18 
H 20, &c. 6·00 

10070 100·70 

1 The titanic acid (at least 1 per cent.) was not separated from the 
silica, nor the alumina (which was in small quantity in Analysis I.) from 
the iron. The C02 was estimated directly in a C02 apparatus, using dilute 
acid. The carbonaceous (organic) matter and moisture were determined by 
ignition over a blast lamp, and from the total loss deducting the co. already 
determined and correcfulg for the gain of oxygen by the FeO. 
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From Analysis IV. the amount of serpentine in the 
rook can be readily calculated. A typical serpentine 1 bas 
the composition of 

Si02 MgO H20 
43•48 43·48 13·04, 

the water being -h of the whole. In the Kimberley rock 
freed from calcite the water is only 1~ of the wholP, so that 
we may conclude that about half of the rock is serpentine. 
The analysis shows that olivine forms the principal con­
stituent of the remaining portion of the rock. The slight 
excess of silica beyond that required to form olivine,2 

(3~.~2 1~~~ 1!~8~), belongs to the biotite, bronzite and 

garnet present in sma.Jl proportions. 
The calcite, forming 16 per cent. of the rock, is probably, 

with most of the serpentine, the result of the decomposition 
of the ground-mass. Unless we assume that the lime is 
derived from without, which would be difficult to explain, 3 

it has come from the decomposition of certain lime-bearing 
minerals. With the exception of chrome-diopside----which 
is present only in small quantity-the porphyritic crystals 
are practically free from lime. It may have come from 
diopside, melil~te, or some other lime-~earing mineral in 
the ground-mass. The small percentage of alumina and the 
mineral associations exclude felspar as a constituent.4 Calcite 
frequently occurs in serpentine, and is generally regarded 
as the result of the decomposition of a pyroxenic mineral.~ 
------------------------ -----------------------

1 Rammelsberg, Zeits: Deritsch. GeoZ. Gesell. -xxi. 186!1, p. 97 ; Mineral. 
Chemie, Lt>ip:tig, Theil ii. 1875, p. 506. 

• Stelzner, • Ueber den Olivin des Melilithbasaltes vom Hocbbohl,' 
Neues Jahrb. i. 1884, p. 271. 

1 Surely not ; because, where volcanic action has been, springs with 
CaCO, are common.-T. G. B. 

• H would equally exch1de nepbeline.-T. G. B. 
• Doelter, Ueber das Muttergestein der biJhmischen Pyropen; Tschermak, 

Min. Mitth. 1873, p. 13, and other references. 
· (It is so sometimes, but it is often infiltrated from without, as in the SO· 

called ophicalcite formed from brecciated serpent:ne.-T. G. B.) 
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The extreme basicity of the rock, the abundance of the 
calcite as a decomposition product, the high magnesia and 
low alkali, the prE>sence of biotite, and more especially of 
perovakite, point to the possible presence of nepheline or 
melilite in the ground-mass. All these characters occur in 
melilite-basalt.1 Traces of . a mineral giving rectangular 
sections occur iu the ground-mass, whieh possibly are to be 
referred to melilite or nepheline, but its altered state pre­
vents this suggestion from being confirmed with the present 
material. In melilite-basalt, as in the Kimberley rock, the 
pyroxene is chrome-bearing, the perovskites surround 
the olivine 'einsprenglinge,' garnets may occur, and the 
augite may be replaced 2 by biotite.3 

The composition of the whole rock, characterised by a 
low · amount of silica and a high amount of magnesia, 
together with much lime and little alka1ies, may be com• 
pared with that of certain garnetiferons olivine serpentines. 4 . 

Among unaltered rocks the only ones that show similar rela­
tions between the silica-and magnesia are dunite,5 olivinfels,6 

1 Stelzner, 'Ueber Melilith und Melilithbasalte,' Neues Jahrb. Beil. 
Bd. ii. 1883, p. 369. 

• Tomebohm, 'Melilitbasalt frlin Alno, Stockholm,' Geol. FiJren. FiJr. 
handl. vi., 18ij2-83, p. 240. 

1 Professor Rosenbusch, to whom these proofs have been submitted, re· 
marks that it would have been a great satisfaction to Prof. Carvill Lewis 
if he had lived to know that in the State of New York dykes of Alnoite are 
now known to exist in the vicinity of dykes of the Kimberlite character. 
-T.G.B. 

• Compare serpentine from Zoblitz (Lemberg, Zeit&. Deutsch. Geol. 
~esell. uvii. 1875, p. 582) with the following composition: 

Si01 Fe20 1 +AJ.01 MgO CaO H,O 
89•27 8·98 88·78 1'16 11·81 

Compare, also, analyses of many serpentines quoted in Wadsworth, Litho. 
logical Stud·ies, 18t14, table 4. 

• Dunite from the Vosges (Tschermak, Min. Mitth. 1875, p. 187); New 
Zealand (Zeits. Deutsch. Geol. Gesell. xvi. 1864, p. 341) ; North Carolina 
(A mer. Jozn-n. Sci. xxxiii. 1862, p. 199), &c. 

• Olivinfels from Steiermark (Tschermak, Min. Mitt h. 1872, p. 79) ; from 
Norway (Kjerulf, rcrhandl. Geol. Reichsanstalt, 1867, p. 71), &c. 

E 
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and chassignite 1 (an olivine meteorite). The structure 
of the Kimberley rock, as will presently be shown, differen­
tiates it from these, which are all holocrystalline. The 
rock now described appears to differ from any ·hereto­
fore known. Picrite-porphyrite is practically a felspa.r-free 
melaphyre, or, perhaps in deference to its hornblende, it 
may be called the effusive form of the rock named camp­
tonite by Rosenbusch. Picrite-porphyrite is also an augitic 
rock, and contains less magnesia than the Kimberley rock. 
Limburgite, the neovolcanic equivalent of picrite-porphyrite, 
is likewise an essentially augitic rock, being a non-felspathic 
basalt,2 and is also much poorer than the Kimberley rock. 

There appears to be no named rock-type having at once 
the composition and structure of the Kimberley rock. For 
this reason, as also on account of its importance as the 
matrix of the diamond, it is now proposed to name the 
rock Kimberlite. 

Kimberlite may be described as a porphyritic volcanic 
peridotite of basaltic structure, or, according to Rosen­
busch's nomenclature, the palreovolcanic 'ergus~:form' of a 
biotite-bronzite-dunite, being an olivine-bronzite-picrite­
porphyrite rich in biotite. Had it less olivine and more 
rhombic pyroxene it could be classed among the picrite­
porphyrites, and be called a saxonite-porphyrite. As it is, 
it is more nearly related to a dunite-porphyrite. Prof. 
Judd has described a porphyritic dunite, but that is a bolo­
crystalline deep· seated rock of entirely different structure 
!rom the rock under consideration. In fact Kimberlite is a 
rock sui generis, dissimilar to any other known species. 

Three varieties of Kimberlite may be distinguished : 

1 Vauquelin (Ann. Phys. Chim. i. 1816, p. 49) ; Damour (Paris, Comptu 
Rendus, lv. 1862, p. 591); Tschermak ( Wien. Akad.. Sitzber. lux viii. 1883 
(Abth. i.), p. 361). 

• This must be understood in the sense that felspar has not yet separated 
from the glassy basis. From the chemical composition of the rock, it is 
reasonable to conclude that limburgite, with a different environment, would 
appear in the form of a picrite; i.e. a rock containing some fel~par, but not 
liO much as in a dolerite.-T. G. B. 
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(1) Kimberlite proper, a typical porphyritic lava; (2) Kimber­
lite breccia, the same lava broken and crushed by volcanic 
movements and crowded with included fragments of shale; 
(S) Kimberlite tuff, being the fragmental and tufaceous 
portion of the same volcanic rock. These varieties pass 
by insensible gradations one into another, so that no 
sharp line can be drawn between them, and all occur 
together in the same neck or crater. The Kimberlite 
breccia forms by far the greater portion of the rock, and is 
rich in diamonds. It is traversed by dykes of I\imberlite 
proper, and contains streaks and patches of softer 'soapy' 
material, which appears to be the Kimberlite tuff. The 
deepE-r portions of the Kimberlite breccia. become more 
compact as though passing gradually into Kimberlite proper. 
The so-called 'blue ground ' has also been analysed, 
but being so thoroughly altered, the analyses are of small 
scientific value. 

Perhaps the most interesting chemical observation con­
cerning this 'blue ground ' was that made by Sir H. E. 
Roscoe. He found 1 that on treating it with hot water an 
aromatic hydrocarbon could be extracted. By digesting 
the ' blue ground ' with ether, and allowing the solution 
to evapor~~ote, this hydrocarbon was separated and found to 
be c.rystalline, Htrongly aromatic, volatile, burning with a 
smoky flame, and melting at 50°C. 

Structure. --The structure of Kimberlite, to which sub­
ject we may now proceed, is its distinguishing and charac­
teristic feature, differentiating it from ordinary serpentines 
and peridotites, if not from all other terrestrial rocks. The 
structure can only be compared with that of certain 
m~teorites. 
. It may be described as a porphyritic brecciated struc­

ture. While evidently the structure of an eruptive rock, 
it at the same time shows clear proof of mechanical disturb­
ances during or after its cooling. According as the por-
---- ----- - - --- ----

1 Manchester, Lit. Phil. Soc. Proc. xxiv. 1885, p. 5. 

B 2 
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phyritic or the brecciated structure happens to predominate 
in the section under examination, the observer varies in 
his opinion as to whether the rock is a lava or a tuff. 

Cohen, Hudleston, Moulle, and others, believed it to be 
an igneous tuff, while Dunn, and Maskelyne and Flight con­
sidered it to be an eruptive gabbro-like rock. 

When comparatively free from enclosures the porphyritic 
structure may be as distinctly shown as in a basalt. 
The greater mass of the porphyritic crystals (the' einspreng­
linge ') are the olivines, which often have distinct crystalline 
form. Th€se are, as already stated, more frequently 
rounded and like the olivines in basalts, and may show the 
action of a corrosive magma.. Biotite, bronzite, garnet and 
other substances also form comparatively large crystals, 
u>ually rounded, and, with the olivines, lie separately in a. 
more or lea~:~ isotropic ground-mass made mainly of a serpen­
tinous mineral. The rock therefore is uot holocrystalline, 
but belongs to the class of volcanic or effm.ive rocks 
(' erguss-gesteine '), characterised by idiomorphic porphyritic 
crystals floating in a. ground-mass. 

That the rock was a true igneous lava., and not a mud 
or ash, is indicated by the following facts :-
1. The minerals· and their associations are those character­

istic of eruptive ultra-basic rocks. 
2. The porphyritic crystals are idiomorphic as in volcanic 

rocks. 
8. The corrosion cavities (' einbuchtungen ' ) in the por­

phyritic crystals are due to solution by the hot magma. 
4. The character of the bronzite and diopside ill similar 

to that in meteorites and eruptive rocks, but not in 
metamorphic or plutonic rocks. 

5. The occurrence of a ground-mass and of traces of glass. 
6. The traces of a second generation of minerals (pyroxene?) 

in the ground-mass. 
7. The occurrence of fragmentary enclosures of the adjoining 

rock and of deep-seated rocks, and the evidf'nce of 
alteration by heat which these enclosures exhibit. 
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8. The traces of a. fluidal structure shown on polished 
specimens. 

9. The identity of the rock with one in Kentucky, which is a. 
true eruptive dyke, and with others in the Vaal River, 
which also form dykes. 

That it is not a tuff is shown by the entire absence of 
stratification, of clayey or ashy bands, of water-worn frag­
ments, of cementing material, and by its geological position : 
not as an overflow mud deposit, but in the very neck of a. 
volcano.1 

The brecciated structure of the rock is shown not only 
in the abundance of angular fragments of shale it contains, 
but also in the broken and angular character of many of 
the porphyritic crystals in it, and the mechanical manner in 
which they' seem to have been sometimes pushed together. 

Yet the structure is not a purely mechanical one, such 
as is the case with certain ancient rocks which have been 
subjected to heavy pressure. A so-called mechanical-por­
phyritic structure is well known in deep-seated peridotites, 2 

being particularly well marked in the variety named olivin­
fels. These, as Brogger 3 and Reusch have shown in Nor~ 
way, are often so crushed as to resemble a sandstone. 
Here, however, under the microscope the so-called 'cata­
clastic' structure,4 or 'mortel-structur',' 11 whereby -the 
outer portions of the crystals ace smashed into a mosaic­
like band (as in 'augengneiss,' &c.) can always be seen. No 
traces of this cataclastic structure occur in the Kimberley 
peridotite. The olivines have no mosaic borders or enda, no 
' eyes' of them are made, and their rounded form is certainly 

1 (But suppose the . rock were an agglomerate ? This appears to me 
equally consistent with all the reasons given above, except, perhaps, 8 and 
9, of which the former is very dubiou11, but the latter no doubt is "'eighty, 
because an agglomerate does not usually have a dyke· like habit.--T. G. B.) 

• Rosenbusch, Mikrosk. Pl,ysicgr. ii. 1887, p. 273. 
• Nems Jahrb. 1880, ii. p. 187. 
• Kjerulf, Christiania, Ngt. Mag. Naturoiil. nix. 1885, p. 215. 
• Tornebohn, Stockholm, GeoZ. FiJren. !'lJrliandl. v. 1880-81, p. 233. 
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not due to pressure. The brecciated structure, therefore, 
whatever its cause, is not due to pressure. 

Several causes may produce brecciation in a. volcanic 
rock. It may be due :-1. To the rapid cooling and consequent 
shrinking and cra(lking of a fluid lava; 2. To the contact of 
the moving lava with the adjoining rock which is ea.rried 
along with it and broken up to form a. so-ca.lled friction 
breccia.(' reibungsbreccia '); S. To subsequent explosions and 
movements in the crater of the volcano. It is quite possible 
that in the present instance a.ll three of these causes may 
have operated. 

As to the first cause, the words of Dr. Wadsworth,' if 
applicable, seem prophetic. After explaining the brecciated 
character of meteorites as due to rapid crystallisatiou, he 
says : •If we could find rapidly cooled, unaltered terrestrial 
peridotic rocks, I should expect to find in them the chon­
.dritic structure, the same as the Estherville meteorite 
possesses the structure of an unaltered terrestrial peridotite, 
and the meteoric palla.sites possess that of the terrestrial 
ones.' Roth 2 speaks of the formation of la.va.s and slags 
which fall apart on cooling. 

The second proceBB, which causes a • friction breccia.,' 
is well known in many volcanic districts. It is seen on 
approaching the vent of the volcano. Naumann 3 has given 
some excellent examples of this in Saxony, where in the 
border between porphyry and shales, great masses of the 
breccia, the so-called ' Brockengesteine ' is formed, and the 
mass of the enclosed slates may predominate over the mass 
of the porphyry. 

The third process, the result of successive explosions in 
the same crater, is also common in volcanic districts. In 
this case, not only are fragments of the adjoining rock en­
closed in the lava., but the older and hardened magma. 
itself is broken up and imbedded afresh in the new erup-

1 Lithological Stttdies, 1884, p. 111. 
2 Allg. und chem. Geol. Berlin, ii. 1883, p. 207. 
1 Lehrlmch der Geognosie, Leipzig, i. 1858, p. 917. 
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tion. In this case the old lava forms the larger part of the 
breccia, and the final composition and structure is not un­
like that of a tuff. It is of course just this material which, 
when ejected in the form of dust or mud, does make the 
stratified ashes called tuff. - This kind of breccia occurs in 
the Euganean Hills,• in Italy,:a and perhaps in Wales.3 

According to Chaper,4 who has studied the geology 
of the Kimberley mines, the eruption has taken place at 
many succes~:~ive periods ; all his observations pointing 
to a series of eruptions, . between each of which there 
was time for the volcanic mass to consolidate. He says 
that the great irregularities so puzzling to the miners are 
thus explained, and that at Bulfontein and Du Toits Pan 
it is possible to make out a chronology of the various 
eruptions. 

If this last is the principal cause of the breccia it is 
no wonder that the rock should so closely resemble a tuff. 
It is, of course, difficult to draw the line between a brecciated 
lava and a tuff, but in this instance everything points to 
its lava-like character. The tuff would lie outside of the 
volcano, the brecciated lava. in its vent. The conception 
of a true porphyritic lava, afterwards broken by paroxysmal 
eruptions, seems perfectly to explain the nature of the 
remarkable rock which is now under discussion. Certain 
so-called 'soapy' bands in the mine probably represent the 
true tuff. Just as the limburgite of the Ka.iserstuhl district 
alternatas with beds of tuff, so here it is probable that 

1 Reyer, Fisik ikr Eruptive; Die Euganaen. [It is often very well 
exhibited in the dykes of basalt cutting through lower oarb:mirerous rocks 
near Burntisland, Scotland. See, for other cases, Proc. Geol. Assoc. vii. 
No. 2.-T. G. B.] 

2 The piperno. 
• Bonney, Quart. Journ. Geol. Soc. xxxv. 1879, p. 311. [It may also 

be produced by more solid parts of the lava being ru;>tare:l and swept along 
by the onward pressure of the more liquid mass, the result being often 
called a fiuxion-breccia.-T. G. B.] 

• Bull. Soc. Min. de France, ii. 1879, p. 195. 'Sur les mines de diamant 
de !'Afrique Australe.' 
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Kimberlite tuff occurs together with the · Kimberlite 
breccia. 

A comparison of the Kimberlite with known ashes or 
tuffs, Professor Rosenbusch having kindly placed his 
collection at my service for this purpose, has failed to 
establish any analogy with them, and ·I am compelled 
to differ from Professor Cohen and others who speak of 
it as ash, mud, or conglomerate, and to regard it as a true 
eruptive lava. 

The structure of the African Kimberlite is equally 
shown in the Kimberlite from Elliott County, Kentucky, 
and with that from Syracuse, New York. I have compared 
the Kentucky rock with the African rock directly. Dr. 
Williams has published a photograph of that from Syra­
cuse.• In mineral composition, in eruptive character, in 
structure, in enclosures, the three rocks are identical. As 
the Kimberlite of Kentucky and New York State occurs in 
dykes, not volcanic vents, it becomes all the more certain 
that the porphyritic structure is an original one characteristic 
of the rock. 

Although, as already stated, the peculiar character of 
Kimberlite is shared by no other terrestrial rock, it is 
of high interest to find that in structure it resembles 
meteorites of similar composition. Attention has already 
been called to the likeness of some of its minerals to 
those in meteorites, and its chemical composition has also 
been shown to be closely related to that of the olivine 
meteorite called chassignite. 

If we were to replace the ground-mass of Kimberlite by 
native iron, we should get a rock nearly allied in both struc­
ture and composition with the well-known class of meteorites 
known under the name of chondrites. These meteorites 
are both porphyritic and brecciated, and when the breccia 
structure is well developed it has given ri~e to the same 

1 For notes upon specimens afterwards obtained from fueee localities by 
Professor Lewis, see !:)action III. 
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discussion as Kimberlite, as to whether they are tuffs or 
lavas. Haidinger was one of the first to describe the 
so-called meteorite-breccias, and to show that not only are 
angular fragments of other rocks frequently enclosed in the 
olivine rock, but that the meteoric rock itself is often 
broken into angular . and rounded fragments cemented 
together, as if a volcanic tuff. Tscbermak 1 holds to the 
tuff-like character of certain meteorites, yet remarks that-­
' There occur passages into the tuff structure, so that the 
same stone may be designated by one observer as crystalline, 
by another as clastic.' Another structure in these olivine 
meteorites is the occurrence of rounded masses of olivine 
or of olivine and enstatite, called the chondritic structure. 
The origin of this has given rise to much discussion. A 
chondrus may consist of a. single optically continuous mass 
of olivine, or it may be polysomatic, that is, due to a. number 
of individuals. 

Polysomatic chondri of olivine occur in the Kentucky 
Kimberlite. The olivines are laid together, as if in a 
mosaic, the whole forming a.n irregular sphere. This 
is identical with a granular chondrus il) a. meteorite 
from Seres figured by Tschermak. 2 Glass which occurs in 
these chondri occurs also in a. chondrus from Kimberley. 

1 Die mikrosk. Beschaff. der Meteoriten, S~oUgari, HISS, p. 3. 
• Ibid. (Pla~ VIII. Jig. 2.) 
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SECTION III 

KIMBERLITE PROM THE UNITED BTATEB 

BY PROFESSOR T. G. BONNEY 

Two rocks from thA United States, specimens of which were 
in Professor Carvill Lewis' collection at the time of his death, 
present, as will be seen hereafter, a very close macroscopic 
and microscopic resemblance to the diamond-bearing rock 
from South Africa. One occurs at Syra.Cuse, New York; 
the other about six miles south-west of Willard, in Elliott 
County, Kentucky. For the most recent inform~~otion relat­
ing to the former rock we are indebted to the late Professor 
G. H. Williams; the latter has been described by Mr. 
J. S. Diller. 

1. Rock of Syracuse, New l"ork.'-There are two types 
of this rock, according to Professor G. H. Williams; one of 
these is a very dark green, almost black, rock, with minute 
a pecks of glistening mica, occasional larger plates of a. brass­
yellow mineral (4 x 6 mm.), and a. few small masses of a 
lighter green more compact serpentine with a sharp crystal 
form. The other is paler in colour, composed of a dense 

1 Literature.-G. H. Williams, Science, March 11, 1887; A mer. Joum. 
Sci. xxxiv. 1887, 187; Bull. Geol. &c. An&er. i. 1890, p. 588. He cites 
Vanuxem (Third Annttal Report, 1889, and Final Report on Geol. of Third 
District of New York, 1842); Lewis Beck (Report on Mineralogy of New 
York, 1842); T. S. Hunt (Mineral Physiography and Physiology,448-441); 
and A mer. Joum. Sci. ii. xxvi. 1858, 237; Geological Hist. of Serptntines 
(Trans. Roy. Soc. Canada, i. 174); and J . D. Dana (Manual of Geology, 
p. 233, third edition), as referring to it more or less in detail. 
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compact base containing numerous lighter spots, with a. 
sharp crystal outline, thus producing a porphyritic structure. 
Some singular blood-red patches are scattered through 
this rock. The first type, under the microscope, appears 
as a. medium-grained aggregate of brown mica., of octahedral 
crystals of two minerals-one yellow and transparent, the 
other black-of green or colourless Fetpentine, and of 
carbiJnates. Through this matrix occasional larger crystal 
forms are scattered. In spite of nearly all the substance 
of the rock being secondary, these preserve the shape of 
crystals. Among the minerals present Professor Williams 
identifies olivine or enstatite; the latter being completely, 
the former mostly, replaced by serpentine. The mica is 
the peculiar brown biotite, well known to be characteristic 
of eruptive peridotites, without a definite crystal form, and 
often with a bleached peripheral zone. Of the octahedral 
minerals, the opaque are usually chromite, but a few may 
be magnetite, the transparent are proved to · be perovskite. 

The second type of this rock, under the microscope, is 
identical with the former, except as regards structure. 
The ground-mass is finer grained, thus throwing the 
characteristic crystal forms of the olivine and enstatite 
into sharp relief ; the octahedral crystals are much 
smaller than in the other rock and are confined wholly to 
the ground-mass; the brown mica. is less abundant. 'The 
persistence of structure in this rock, in spite of the 
profoundest chemical changes, is remarkable. In ono 
porphyritic specimen, the ground-mass is almost all car· 
bonate, the mica has become quite colourless, and the olivine 
crystals are changed to a perfectly isotropic, colourless 
substance, enclosing the sharpest possible rhombohedra of 
dolomite ; in fact none of the original components remain, 
except the chromites, and yet the structure is just as sharp 
and characteristic as in a specimen,' of which Professor 
Williams gives a figure. 

The rock, when Professor Williams wrote his earlier 
paper, was no longer visible, being concealed beneath 
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a lawn and a. street. His description was founded upon 
observations made and specimens collected, about 1887, 
by Professor Oren Root, who found it to be associated with 
shales and limestone belonging to the Onondaga salt-group, 
and considered it, for reasons which he gives, to be intrusive 
in them. 

In a later paper 1 Professor Williams adds some 
interesting details. In cutting some deep sewers, ' two 
admirable sections ' had been exposed. In these it was seen 
that the serpentine formerl a dyke, cutting perpendicularly 
across the nearly horizontal strata of limestone, forcing its 
way in places between them, and, in one of the exposures, 
considerably disturbing those in its immediate vicinity. 
Much of the serpentine was full of angular fragments of 
other rocks embedded in it, sometimes at least one-third of 
the face of a block being occupied by fragments. Most of 
these, but by no means all, are bits of the adjacent lime­
etone. One, for instance, is a large fragment of black 
shale (probably Utica shale), which here is over 1,000 feet 
below the surface. Another is a fragment of an acid 
crystalline rock, granite or gneiss, which must lie over 
2,000 feet below the surface. Granitic and syenitic frag­
ments were also mentioned by the earliest ·observers. All 
of the included limestone fragments show signs of contact 
metamorphism, and the new minerals, thus produced, have 
a. zonal arrangement. 

Professor Williams is of opinion that the eruptive 
rock, which is now represented by the serpentine, must 
have differed much from its present composition as repre­
sented in analyses furnished by Professor James Ball, 
which he quoted in the earlier memoir. The specimen 
consisted of carbonate of lime 84·77, carbonate of magnesia 
2·73, and serpentine 62·5. The composition of the last 
was as follows :-

1 Bull. G_eol. Soc •. .{mer. i. 1890, p. 533. 
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SiO, 
Al,03 • 

FeO 
MgO 
H 20 

(2) Rock of Elliott County, Kentucky:-

40·67 
5·13 
8•12 

32·61 
12·77 

99·30 

Thia rock occurs between Isom and Critche's Creeks, 
near Fielden Post Office, six miles south-west of Willard, 
in Elliott County, Kentucky. Mr. Diller describes it at 
some length in the ' Bulletin of the American Geological 
Survey,' 1 and, more shortly, in the American Journal of 
Scie11ce.2 

It was discovered by Professor A. R. Crandall, who 
states that it has a very limited extent laterally, and so 
r,eadily disintegrates as not to form a noticeable feature in 
the topography. • It· appears to extend in two diverging . 
lines from Critche's Creek into the valley of Isom's Creek, 
with several minor offshoots of undetermined, but doubt­
less limited, extent, possibly no more than wedge-like. 
projections from the main dyke between the strata of the 
coal measures, which make up the. whole height of the 
hills of this region. 'fhe whole length of the dyke in its 
greatest surface extension appears to be less than a mile, 
with a width of from a few feet to 50 feet or more.' a The 
rock, according to Mr. Diller, is compact in structure, dark 
greenish in colour, with a specific gravity of 2·781, having 
embedded in it many grains of yellowish olivine, uni-

1 No. 38 (with map and illustrations). 
' Vol. xxxii. p. 121. See, also, Science, 1885, p. 66. 
1 This statement is mainly an inference, as pointed out by Mr. Diller, 

from the presence of pyrope and ilmenite in the soil. The visible outcrops 
of the rock are only five in number- three of them in a-line about three fur­
longs long; the others being about five furlongs away in opposite directions 
from one end of it, which happens to be the spot where the rock is in best 
presen-ation ; they are more or less oval in shape. 
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fonnly distributed throughout the mass. These, however, 
occ .. sionally disappear, and the whole is serpentine. 
This olivine and the serpentine together form nearly 7 5 
per cent. of the. rock. BesiJes them other minerals 
appear in the band sreeeimen, the most important being 
pyrope &.'ld ilmenite ; a few scales of biotite may bA 
observed. Near the exposed surface the ro·1k becomes 
yellowish. due to the oxidation of the iron, and softer, so 
that it r£-adily disintegrates.• The garnet and much of 
the ilmenite withstand the atmospheric influences, and are 
found quite fresh and abunda.nt in the sand resulting from 
the disintegration of the peridotite. The specimens from 
some localities are quite free from included fragments, 
while those from another ' are full of fragments of shale, 
which have been greatly indurated and metamorphosed in 
the operation.' ·In the best preserved specimens (which 
also are free from rock fragments) Mr. Diller estimates the 
composition to be as follows :-:-

Primary minerals 
Olivine 
Enstame • 
Bioute 
Pyrope 
Ilmenite 
Apatite 

Percent. 
.40 

1 
1 
8 
2·2 

• trace 

Secondary minerals 
Serpentine • 
Dolomite • 
Magnetite • 
Octahedrite • 

Per cent. 
30·7 
14 
2 
1-1 

He gives a figure of a microscopic section from which 
it would appear that the larger included mintrals are 
somewhat irregular in outline, size, and distribution. The 
olivine grains are generally irregular in form, varying from 
0·1 to 1·5 mm. in diameter, and penetrated by many 
fissures. O.:casionally, however, they occur in short 
prism11, terminated by bracbydomes, the usual planes 
being suppressed. The structure of the matrix appears to 
be tine-granular. The alteration of the olivine to serpen-

• Compare the • yellow ground' of th(' mines at Kimberley. 
• A synonym of anatase (Ti02) ; and corresponding with the perovskite 

of Williams. 
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tine takes place rapidly in the cross fractures approximately 
parallel to the base, but very slowly along the numerous 
minute fissures in the prism zone. Cleavage parallel to 
the braehypinaeoid is barely discernible. Magnetite is 
excluded in the usual manner, and in some eases dolomite 
appears as an ultimate prouuet of alteration. The en­
statite bas an irregular (eorroPion) border. The biotite is 
dark coloured, is strongly dichroic, and .iR sometimes sur­
rounrled by a secondary l;ord~r of biotite (differing in 
optical properties) and of magnetite. The pyrope occurs 
in spherical and ellipsoidal grains, varying from 1 to 12 mm. 
in diameter, of a clear, deep-red colour, its specific gravity 
being 3·678. It is often surrou!lded . by a border, the 
outer band of which is commonly rtndered opaque by a 
dark powder, the inner one being a greyish or reddish­
brown colour, generally fibrous in structure (the substance 
named kelyphite by Schrauf, but shown by Lasaulx to 
be a mixture of several minerals, chiefly of the pyroxene 
and amphibole groups). Of the other minerals, the 
octahedrite occurs in yellowish clouded grains, ranging 
in size from ·004 to ·06 rom. in diameter. The dolomite is 
irregularly distributed. Of the serpentine there are two 
forms. 

This peridotite cannot be seen in contact with the 
adjacent sandstone and shale ; but within a short distance 
from it both appear to be indurated, and the latter in some 
cases to be converted into a kind of spilosite. The frag­
ments of shale included in the peridotite are always 
surrounded by a bord6r of colourless mica, its scales being 
intricatoly intermingled, and have undergone other mineral 
changes, generally on a minute scale. On a review of the 
whole evidence, Mr. Diller concludes that 'the peridotite 
is a truly eruptive rock, which has been forced up through 
the carboniferous strata.' 

At the end of the paper Mr. Diller gives a series of 
analyses of the adjacent sedimentary rocks, of the peridotite, 
and of the minerals contained in it. 
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The following represent the peridotite :-
I. II. 

Si02 29·81 29·48 
1.'i0¥ 2·20 1·48 
PtOII 0·85 trace 
Cr20 1 0·48 0•14 
Alp3 2·01 2·a6 
Fe20 3 5•16 
FeO 4•85 9~06 

MnO 0·28 
NiO 0·05 0·60 
CaO 7·69 6·94 
MgO 82·41 81·66 
K20 0·20 0·65 
Na20 0·11 0·78 
H 20 (at 110°) 8•92 10·90 
C02 6·66 5·65 
803 0·28 0·30 

Total 100·86 100·151 

S.G. . 2·781 2·697 

To these notes may be added a few remarks on the 
specimens which I find in Professor Lewis' eollection :-

The hand specimen [ 486] labelled 'From James Street, 
Syracuse, N. Y. (G. H. W. col. Feb. 1888)' is a dark~ 
coloured rock of a greenish tint, slightly mottled in one or 
two places with a yellower green hue, compact in siructure, 
dnll, but with fairly numerous rather rounded spots, up to 
about one-sixth of an inch in diameter, with a ruore 
glistening lustre. The specimen is traverl.'led by a thin 
whitish vein. In fracture and general aspect it resGmbles 
a serpentine, c.r something between a. serpentine and a 
diabase, except for the slight irregularity in the ' por-

1 Iucloding 0·20 of sulphides. 
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·phyritic • structure. A slice has been prepared for micro­
scopic examination ; but here, as in the case of the others 
mentioned below, a brief notice will suffice, after Professor 
Lewis' elaborate description of the Kimberley rock, for 
the general resemblance is very strong. In this slice we find 
a number of grains, rather variable in size and form, some 
approaching idiomorphic, others rounded or apparently 
broken, but all serpentinised. Most of them were formerly 
olivine, but it is possible that enstatite also may have been 
present. There are various differences of detail in the 
colour and minuter structure of the serpentine, in the dis­
tribution and arrangement of the iron oxide, and the like ; 
but oli them it is needlbSs to dwell. These larger grains 
are scattered about in a more or less granular matrix, 
appl\rently identical with that of the Kimberley rock, in 
which serpentine and a carbonate, probably calcite with 
some dolomite, are important constituents. One part of 
the slice suggests the presence of fragments of a peridotic 
rock, embedded in a matrix of similar condition ; but 
whether this is significant of a pyroclastic structure or of a 
fluxion braccia. is open to question. Here, also, is a small 
' patch ' of rather rounded mineral fragments, which seem 
to be a felspa.r. 

The rock from Kentucky is represented by the following 
·specimens :-

(a) [485, 1.] 'Dyke I., Elliott Co. (Crandall).' A rock 
resembling that from Syracuse in colour and aspect, but the 
fracture is a shade rougher, the rounded spots run to a 
slightly larger size, being not seldom about one-fifth of an 
inch in diameter ; they are less lustrous than in the other 
case, and of a yellowish-green colour (similar to that in the 
mottling of the other specimen and resembling that of 
olivine), and thus lighter than the matrix. Except in this 
respect the two specimens are very similar. Microscopic 
examination shows that this rock closely resembles one of 
the best-preserved specimens from Kimberley. The olivine 

F 
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.generally is more rounded than in the last ease, and a con­
siderable amount of the original mineral still remains, 
·especially in the larger grains; that is, they are about half 
·olivine, half serpentine, exhibiting the nsualstrueture. There 
is one grain which appears to be a monoclinic pyroxene, con­
taining two or three flakeJets of a micaceous mineral ; also, 
a small grain of the usual brownish mica, a garnet with the 
outer .zone of rich brown kelyphite, already described, with 
two others--which possibly may be the same mineral more 
completely altered-and two ·or three smaller deep-brown 
grains resembling chromite. One or two irregular patches, 
consisting of a carbonate and some small minerals (zeolites) 
.are very like the irregular cavities in some scoriaceous 
rocks, wh .. n these become converted into amygdules. I 
suspect the presence of a small rock fragment consisting of 
little roundish grains of olivine (or possibly malacolite) in 
a minutely :granular matri.s:, of which I can hardly venture 
to say more than ' probably basic igneous.' 

(b) [ 485, 2.] The label with this specimen (a printed 
.one on thick paper) is partly effaced by.rubbing; it has the 
. words . ' Kentucky Geological Survey . . . and Bureau of 
(?emigration). Frankfort, Kentucky,. U.S.A.' (the effaced 
part being apparently a date, perhaps 1886). It is not dis­
tinctly stated to be from the above locality, but I think 
there can be no doubt on that point. It is practically 
identical with the last-named, except that the yellowish­
green spots run a shade larger, occasionally almost 
one-quatter of an inch. Under the microscope the rock 
appears very similar to the last described, but the olivine 
is rather more serpentinised ; garnet as hefore ; one or two 
·patches of calcite· with a tuft or two of an acicular zeolite, 
suggestive of cavities of some kind ; part of the matrix 
is tinged with green, this apparently being due to the 
presence of minute scales of a chloritic mineral. 

(c) [ 487.] This specimen bears the label, 'Elliott Co., Ky. 
(Diller).' The matrix is slightly more compact than in 
the case of the last two the yellowish spots _are_ not q,uite 
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so frequent, or so large generally, though one, which shows 
a modet·ately good cleavage and is apparently olivine, attains 
to quite a. quarter of an inch. It has a. distinctly rounded 
outline. Mica. also is more plentiful in this specimen, 
occurring generally in small rounded flakes ; but these in one 
or two cases are about one-fifth of an inch in diameter. It is 
distinctly brown in colour. In microscopic structure the 
rock is like the last, but without any garnet or spots 
suggestive of filled-up cavities; there are also one or 
two semi-opaque grains; minutely granular in structure; 
which are possibly fragments of some rather compact and 
decomposed rock.1 

The above hand specimens from both Syracuse and 
Elliott Co. are perhaps a little more like a porphyritic 
igneous rock than those which I have seen from Kimberley, 
owing to the absence of distinct rock fragments and the 
more uniform size of the included minerals; and the same 
may be said of their microscopic structure. They are very 
like serpentine, but the points to which attention has been 
called produce a. difference--marked, though not easily ex­
pressed in words-from the normal specimens of that rock. 
This also is very perceptible in looking a.t the thin slices 
with the unaided eye or with a common pocket lens, when 
they are held up to the light. The rather rounded outline 
of the enclosures, their unequal size and distribu~ion, give 
them a. fragmental, rather than a. normal porphyritic, 
a.sp~::ct. I believe that had I been asked to guess what the 
rocks were, from the evidence of the hand sp~cimens and 
from this mode only of studying the .. sli~es (i.e. without. 
actually using a. microscope), I should have answered 
' probably a non-scoriaceous unstratified tuff.' 

1 See Plate II. for a figure of a po1·tion of this specimen. 
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NOTE 

THE portions of Professor Lewis' manuscripts which, as 
explained in the Preface, have not been printed, brought 
out more clearly one point in regard to the origin of the 
diamond than is done in the two papers included in this 
work, though I remember he laid stress on it in giving a 
summary of the second paper at Manchester. This was 
the intimate connection of peridotite (or serpentine) with 
the diamond, which he regarded as being in the relation of 
cause and effect, at least in South Africa and in Kentucky, 
where carbona.does occur under similar conditions. This 
will appear from the report of his paper printed in the 
• Geological Magazine' (1888, pp. 129-181). It may 
suffice to quote the concluding sentence : 'All the facts thus 
far collected indicate serpentine in the form of a decom­
posed eruptive peridotite as the original matrix of the 
diamond.' Professor Lewis, I believe, thought that, owing 
to the basic nature of the peridotite, the carbon in the 
sedimentary rock with which it came into contact was 
less likely to be oxidised than- it would be by more acid 
intrusives, but this opinion, so far as I know, is not ex­
pressed in his published papers. 

I may add that in 1896 the workings in the De Beers 
Mine had reached a. depth of over 1,500 feet. They have 
ceased to work the diamond-bearing rock by excavating it 
vertically downwards from the top of the 'pipe,' but sink 
shafts through the ' country rock ' (shale, quartzite, and 
'melaphyre '), from which they drive levels into the pipe 
itself, removing its contents· by means of these, as it were, 
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1 lyer by layer. While the last sheets of this book were in the 
press Sir J. B. Stone, M.P., F.G.S., sent me a collection of 
specimens which he had recently received from this mine, 
among which were pieces of the diamond-bearing rock, of 
which the deepest was labelled 11400 feet, and I saw blocks 
from nearly as far down in a collection shown to me by 
Mr. W. Crookes, F.R.S. . A particularly well-preserved 
specimen which he has lent to me for study came from 
1,820 feet. 

He has also favoured me with a copy of a section re­
presenting the workings in this De Beers mine. The shaft 
has reached a depth of quite 1,500 feet, and from it the 
lowest level is being driven. The section of the ' country 
rock,' outside the' pipe' oonta.ining the diamond-bearing 
breccia, is as follows: (1) superficial debris, (2) basalt, (8) 
black shale, (4) 'melaphyre,' (5) quartzite, (6) 'slate '-pro­
bably. only a hard shale, (7) quartzite and ' slate.' Dykes 
(probably basaltic) pierce into (5), through (6) and (7). 
The' melaphyre' (4) is about four hundred feet thick. The 
area of the workings is twenty~two acres. It is the least 
of the four mines mentioned on page 1 ; Du Toits Pan, 
the largest, being forty-five acres. Since Professor Lewis 
wrote, another important mine (the Wesselton) has been 
open4:>d ; it is included within the same circle as the last­
named. 

T. G. B. 
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PLATE H .-Microscopic Sections of Kimberlite. 

(1) THE KIMBERLEY ROCK. 

(21 THF.: NORTH AMERICAN ROCK. . . . . . . .. ...... · .. : :· :· ·= .... .... ... 
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London. 

INTRODUCTION TO THE· STUDY OF CHEMICAL 
PHILOSOPHY. The Principles of Theoretical and 'Systematic Chemistry. 
With 5 Woodcuts. With or without the ANSWERS of Problems. Fcp. 
Svo., 4S· 6d. 

PRACTICAL CHEMISTR~. The principles of Qualitative 
Analysis. Fcp. Svo., u . 6d. 

HINTS ON THE TEACHING OF ELEMENTARY 
CHEMISTRY IN SCHOOLS AND SCIENCE CLASSES. With 7 
Illustrations. Crown 8vo., ar. 

WATTS' DICTIONARY OF CHEMISTRY. Revised and 
entirely Re·written by H. FORSTER MORLEY, M.A., D.Sc., Fellow of, and 
lately Assistant-Professor of Chemistry in University College, London; and M. 
M. PATIISON MUIR, M.A., F. R.S.E., Fellow, and Pr~elector in Chemistry, of 
Gonville and Caius College, Cambridge. Assisted by Eminent Contributors. 
4 vols. 8vo. Vols. I. and II., .ps. each. Vol III. , SOS· Vol. IV., 6y. 

WHITELE Y.-Works by R LLOYD WHITELEY, F.~.C., 
Principal of the Municipal Science School, West Bromwich. · 

CHEMICAL CALCULATIONS. With Explanatory Notes, 
Problems and Answers, specially adapted for use in Colleges and Science 
Schools. With a Preface by Professor F. CLOWES, D.Sc:. (Lond.), F.I.C. 
Crown Svo., ar. 

ORGANIC CHEMISTRY : the Fatty Compounds. With 45 
Illustrations. Crown Svo., y. 6d. 
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PHYSicA, ETC. 

EA.RL.-THE ELEMENTS OF LABORATORY WORK : 
a Couise of Natural Science. By A. G. EARL, M.A., F.C.S., late Scholar of 
Cbri~'s College, Cambridge. With .S7 Diagrams and numerous Exercises and 
Quest1ons. Crown 8vo., 41· 6d. . 

GANOT.-Works by PROFESSOR GANOT. Translated and 
Edited by E. ATKINSON, Ph.D., F.C.S. 

ELEMENTARY TREATISE ON PHYSICS, Experimental 
and Applied. With 9 Coloured Plates and Maps, and 1028 Woodcuts, and 
Appendix of Problems and Examples with Ariswers. Crown 8vo., 151. 

NATURAL PHILOSOPHY FOR GENERAL READERS 
AND YOUNG PERSONS; With 7 Plates, 624 Woodcuts, and an Appendir 
of Questions. Crown 8vo., 75- 6d. 

GLAZEBROOK AND SHA W.-PRACTICAL PHYSICS. By 
R. T. GLAZEBROOK, M.A., F.R.S., and W. N. SHAW, M.A. With 134 
Woodcuts. Fcp. 8vo., 71. 6d. · 

GUTHRIE.-MOLECULAR PHYSICS AND SOUND. By 
F. GUTHRIE, Ph. D. With 91 Diagrams. l<"cp. 8vo. , 11. 6d. 

PIIYIIOAL A11D ILIIO'ftiiAL UQI·IDI·Q LAMIIATOIY IIAIIUAU.-Yal. 1. 

HE . .VDERSO,N.-ELEMENTARY PHYSICS. By JoHN 
HENDERSON, B.Sc. (Edin.), A.I.E.E., Lecturer in Physics, Manchester Mnnl­
cipal Technical School. Crown 8vo., 21. 6d. 

HELMHOLTZ.-POPULAR LECTURES ON SCIENTIFIC 
SUBJECTS. By HERMANN VON HELMHOLTZ. . Translated by E. ATKINSON, 
Ph. D., F.C.S., formerly Professor of Experimental Science, Staff College. With 
68 Illustrations. 2 Yols. , crown 8vo., 31· 6d. each. 

CoNTBNTs.-Vol. I.-The Relation of Natural Science to Science in General-Goetbe'e 
Scientific ReH&l'ch-The Physiological Cauoes of Harmony In Mualc-lce and Glaciers-The 
Interaction of the Nat:oral Forcea-The Recent Prograa of the Theory of Vilion-The Con-­
Yation of Force-The Aim and Procreaa of Phylical ScieDce. 

CoNTJ<NTs.-VoL li.-Guatav Magoua. ln Memoriam-The Origin aDd SlgoitiCaDce of 
Geometrical Alliome-The Relation of Opdca to Painting-The Origin of the PlaDetary Syatem 
-Thought in Medicine-Academic Freedom in German UDiverlitle.,_HermaDD Von Helm· 
holta-AD Autobiographical Sketch. 

WA TSO.N.-ELEMENTARY PRACTICAL PHYSICS: a 
Laboratory Manual for Use in Organised Science Schools. By W. WATSON 
B.Sc. Demonstrator in Physics in the Royal College of Science, London; 
Assistant E.'Caminer in Physics, Science and Art Department. With 119 Illus­
trations and 193 Exercises. Crown Svo . . :as. 6d. 
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WO.RTHINGTON.-A FIRST COURSE OF PHYSICAL 
LABORATORY PRACfiCE. Containing :164 Experiments. By A. M. 
WORTHINGTON, M.A., F.R.S. With Illustrations. Crown 8vo., 4f· f,d. 

W R IGHT.-ELEMENTARY PHYSICS. By MARK R. 
WRIGHT, Professor of Normal Education, Durham College of Science. With 
~ Illustrations. Crown 8vo., :u. 6d. 

MECHANICS, DYNAMICS, STATICS, HYDROS· 
TATICS, ETC. 

BALL.-A CLASS-BOOK OF MECHANICS. By Sir R. S. 
BALL, LL.D. 89 Diagrams. Fcp. 8vo. , IS, 6d. 

GEL.DAR.D.-STATICS AND DYNAMICS. By C. GELDARD, 
M.A., formerly Scholar of Trinity College, Cambridge. Crown 8vo., y . 

GOO .DE VE.-Works by T. M. GOOD EVE, M.A., formerly 
Professor of Mechanics at the Normal School of Science, and 
the Royal School of Mines. 

THE ELEMENTS OF MECHANISM. With 342 Wood-
cuts. Crown 8vo. , 6s. 

PRINCIPLES OF MECHANICS. With 253 Woodcuts and 
numerous Examples. . Crown 8vo., 6s. 

A MANUAL OF MECHANICS: an Elementary Text-Book 
for Students of Applied Mechanics. With 138 Illustrations and Diagrams, 
and 188 Examples taken from the Science Department Examination Papers, 
with Answers. Fcp. 8vo., :u. 6d. 

GRIEVE.-LESSONS IN ELEMENTARY MECHANICS. 
By W. H. GRIEVE, P.S.A. , late Engineer, R.N ., Science Demonstrator for the 
London School Board, etc. · · 

Stage I . W ith 165 Illustrations and a large number of Examples. Fcp. 8vo., 
IS, 6d. 

Stage 2. With 122 Illustrations. Fcp. 8vo. , IS. 6d. 

Stage 3· W ith 103 Illustrations. Fcp. 8vo. , IS, 6d. 
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MECHANICS, DYNAMICS, STATICS, HYDROSTATICS, ETC.­
Conh't,~ed. 

A£AGNUS.-Works by SIR PHILIP MAGNUS, B.Sc., B.A. 

LESSONS IN ELEMENTARY MECHANICS. Introductory 
to the study of Physical Science. Designed for the Use of Schools, and of 
Candidates for the London Matriculation and other Examinations. With. 
numerous Exercises, Examples, Examination Questions, and Solutions, etc. ,. 
from tll7o-IB95· With Answers, and IJI Woodcuts. Fcp. Bvo. , 31· 6d. 

Key for the use of Teachers only, price y. Jid. 

HYDROSTATICS AND PNEUMATICS. Fcp. Svo., u. 6d.;. 
or, with Answers, :as. The Worked Solutions of the Problems, :as. 

ROBJNSO.N.-ELEMENTS OF DYNA,MICS (Kinetics and 
Statics). With numerous Exercises. A Text-book for Junior Students. By-
the Rev. J. L. ROBINSON, B.A. Crown Bvo., 6s. . 

Sli£ITH.-Works by J. HAMBLIN SMITH, M.A. 

ELEMENTARY STATICS. Crown Svo., 3s. 

ELEMENTARY HYDROSTATICS. Crown Svo., 3s. 

KEY TO STATICS AND HYDROSTATICS. Crown Svo., 6s. 

TATE.-EXERCISES ON MECHANICS AND NATURAL 
PHILOSOPHY. By THOMAS TATE, F.R.A.S. Fcp. Bvo., :as. Key, 31· 6d. 

TAYLOR.-Works by J. E. TAYLOR, M.A., B.Sc. (Lond.),. 
Head Master of the Central Higher Grade and Science School, 
Sheffield. 

THEORETICAL MECHANICS, including Hydrostatics and 
Pneumatics. W ith 175 Diagrams and lllustrations, and 522 Examination. 
Questions and Answers. Crown Bvo. , 2S. 6d. , 

THEORETICAL MECHANICS-SOLIDS. With 163 Illus-
trations, 120 Worked Examples and over 500 Examples from Examinatio• 
Papers, etc. Crown Bvo., :as. 6d. · · 

THEORETICAL MECHANICS.-FLUIDS. With 122 Illus-· 
trations, numerous Worked Examples, and about 500 Examples from Ex­
amination Papers, etc. Crown Bvo., 2S. 6d. 

THORNTO.N.-THEORETICAL MECHANICS-SOLIDS. 
Including Kinematics, Statics, and Kinetics. By ARTHUR THORNTON, M.A., 
F.R.A.S. With 200 Illustrations, 130 Worked Examples, and over 9<» 
Examples from Examination Papers, etc. Crown Bvo. , 4S· 6a. 
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MECHANICS. DYNAMICS. STATICS. HYDROSTATICS. ETC.­
Colttittt~«t. 

TWISDEN.-Works by the Rev. JOHN F. ·TWISDEN, -M.A. 

PRACTICAL MECHANICS; an Elementary Introduction to 
their Study. With ass Exercises, and 184 Figures and Diagrams. Crown 
avo. , IOS. 6tJ. • 

THEORETICAL MECHANICS. With 172 Examples, 
numerous Exercises, and 154 Diagrams. Crown avo., 8s. 6d. 

WILLIAMSON.-INTRODUCTION TO THE MATHE­
MATICAL THEORY OF THE STRESS AND STRAIN OF ELASTIC 
SOLIDS. By BENJAMIN WILLIAIISON, D.Sc., F.R.S. Crown avo., SS· 

WILLIAMSON AND TARLETON.-AN ELEMENTARY 
TREATISE ON DYNAMICS. Containing Applications to Thermodynamics, 
with numerous Examples. By BENJAMIN WILLIAMSON, D.Sc., F.R.S., and 
FRANCIS A. TARLETON, LL.D. Crown 8vo. , 101. 6d. 

WORTH/NGTON.-DYNAMICS OF ROTATION: an Ele­
mentary Introduction to Rigid Dynamics. By A.M. WORTHINGTON, M.A., 
F.R.S. Crown 8vo., :V· 6d. . 

OPTICS AND PHOTOGRAPHY. 
ABNEY.-A TREATISE ON PHOTOGRAPHY. By Captain 

W. DE WIVELESLIE ABNEY, F.R.S., Director for Science in the Science and 
Art Department. With us Woodcuts. Fcp. avo., ;v. 6d. 

GLAZEB.ROOK.-PHYSICAL OPTICS. By R. T. GLAZE­
nooK, M.A., F.R.S., Fellow and Lecturer of Trinity College, Demonstrator 
of Physics at the Cavendish Laboratory, Cambridge. With 1a3 Woodcuts of 
Apparatus, etc. Fcp. Bvo., 6s. 

WRIGHT.-OPTICAL PROJECTION: a Treatise on the Use 
of the Lantern in Exhibition and Scientific Demonstration. By LEWIS WRIGHT, 
Author of • Light: a Course of Experimental Optics'. With 232 Illustrations. 
Crown 8vo., 6s. 

S<;)UND, LIGHT, HEAT, AND THERMODYNAMICS. 
ALEXANDER.-TREATISE ON THERMODYNAMICS. 

By PETER ALEXANDER, M.A. Crown 8vo., SS· 

CUMMING.-HEAT. For the Use of Schools and Students. 
By LINNEUS CUMMING, M.A. With numerous Illustrations. Crown 8vo., 
41· 6d. 

DA Y.-NUMERICAL EXAMPLES IN HKAT. By R. E. 
DAY, M.A. Fcp. 8vo. , :V· 6d. 
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SOUND, LIOHT, HEAT. AND THERMODYNAMIC8-Co•Mtwd. 

EMTAGE.-LIGHT. By w. T. A. EMTAGE, M.A. With 
232 Illustrations. Crown 8vo., 6r. 

HELMHOLTZ-ON THE SENSATIONS OF TONE AS A 
PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC. By Hu­

. MANN VON HELMHOLTZ. Royal 8vo., 281. 

MADAN.-AN ELEMENTARY TEXT-BOOK ON HEAT. 
For the Use of Schools. By H . G. MADAN, M.A., F.C.S. , Fellow of Queen's 
College, Oxford ; late Assistant Master at Eton College. Crown 8vo. , 91· 

.MAXWELL.-THEORY OF HEAT .. By J. CLERK MAXWELL, 
M.A. , F.R.SS., L. and E. With Corrections and Additions by Lord RAY­
LEIGH. With 38 Illustrations. Fcp. 8vo., 41· 6d, 

SMITH.- THE STUDY OF HEAT. By J. HAMBLIN SMITH, 
M.A., of Gonville and Caius College, Cambridge. Crown 8vo. , 31-

TYNDALL.-Works by JOHN TYNDALL, D.C.L., F.R.S. 
See P• 27. 

WO.RMELL.-A CLASS-BOOK OF THERMODYNAMICS. 
By RICHARD WORMELL, B.Sc .. M.A. Fcp. 8vo., u. 6d. 

WRIGHT.-Works by MARK R. WRIGHT, Hon. Inter. B.Sc., 
London. 

SOUND, LIGHT, AND JIEAT. With 16o Diagrams and 
Illustrations. Crown 8vo., 21. 6d. 

ADVANCED HEAT. With 136 Diagrams and numerous 
Examples and Examination Papers. Crown 8vo. , 41· 6d. 

STEAM, OIL, AND GAS ENGINES. 
BALE.- A HAND-BOOK FOR STEAM USERS; being Rules 

for Engine Drivers and Boiler Attendanta, with Notea on Steam Engine and 
Boiler Management and Steam Boiler Explosions. By M. PoWJS BALK, 
M.I.M.E., A.M. I.C.E. Fcp. 8vo., 21. 6d. . 

BOLTO.N.-MOTIVE POWERS AND THEIR PRACTICAL 
SELECTION. By REGINALD BoLTON, Associate Member of the Institution 
of Civil Engineers, etc. Crown 8vo., 6r. 6d. net. 

CLERK.-THE GAS AND OIL E~GINE. By DuGALD 
CLERK, Associate Member of the Institution of Civil Engineers, Fellow of the 
Chemical Society, Member of the Royal Institution, Fellow of the Institute of 
Patent Agents. With 228 Illustrations and Diagrams. 8vo., 1,9. 

HOLMES.-THE STEAM ,ENGINE. By GEOllGE C. V. 
HOLMES, Whitworth Scholar, Secretary of the Institution of Naval Architects. 
With 212 Woodcuts. Fcp. 8vo. , 6r. 
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STEAM, OIL, AND OAS ENOINE8-ConHnued. 

NORRIS.-A PRACTICAL TREATISE ON THE 'OTTO' 
CYCLE GAS ENGINE. By WJLUAM NORRIS, M. I.Mech.E. With 2CY7 
Illustrations. 8vo., 1os. 6d. . 

:RIPPER.-STEAM. By WILLIAM RIPPER, Member of the 
Institution of Mechanical Engineers; Professor of Mechanical Engineering in 
tlle Sheffield Technical School. With 142 Illustrations. Crown 8vo., 2.r. 6d. 

SENNETT.-THE MARINE STEAM ENGINE. A Treatise 
for the Use of Engineering Students and Officers of the Royal Navy. By 
Rlt:HAIID SENNETT, R.N. , late Engineer-in-Chief of the Royal Navy. With •I Illustrations. 8vo., 21s. 

STROME YE.R.-MARINE BOILER MANAGEMENT AND 
CONSTRUCTION. Being a Treatise on Boiler Troubles and Repairs, 
Corrosion, Fuels, and Heat, on the proeorties of Iron and Steel, on Boiler 
Mechanics, Workshop Practices, and Botler Design. By C. E. STROMEYJ!:R, 
Graduate of the Royal Technical College at Aix·la-Chapelle, Member of the 
Institute of Naval Architects, etc. 8vo. , 18s. net. 

BUILDING CON$TRUCTION. 

ADVANCED BUILDING CONSTRUCTION. By the Author 
of • Rivingtons' Notes on Building Construction'. With 385 Illustrations. 
Crown 8vo. , ¥ · 6d. 

BU.R.RELL.-BUILDING CONSTRUCTION. By EDWARD J. 
BUllRELL, Second Master of the People's Palace Technical School, London. 
With 303 Working Drawings. Crown 8vo., 2.r. 6d. 

SEDDO.N.-BUILDER'S WORK AND THE BUILDING 
TRADES. By Col. H. C. SEDDON, R.E., Superintending Engineer, H.M.'s 
Dockyard, Portsmouth; Examiner in Building Construction, Science and Art 
Department, South Kensington ; with numerous Illustrations. Medium 8vo., 
I6s. 

RIYIIICTOII8' COUR81 OF BUILDIIIC COII8TRUCTIOII. 

NOTES ON BUILDING CONSTRUCTION. Arranged to 
meet the requirements of the syllabus of the Science and Art Department of the 
Committee of Council on Education, South Kensington. Medium 8vo. 

Part I. First Stage, or Elementary Course. With 552 Wood­
cuts, lOS. 6d. 

Part II. Commencement of Second Stage, or Advanced Course. 
With 479 Woodcuts, lOS. 6d. 

Part III. Materials. Advanced Course, and Course for Honours. 
With 188 Woodcuts, tau. 

Part IV. Calculations for Building Structures. Course for 
Honours. With 597 Woodcuts, ISS· 
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ELECTRICITY AND MAGNETISM. 
CUM M I.N G.-ELECTRICITY TREATED EXPERIMEN­

TALLY. For the Use of Schools and Students. By LINN.t.:US CUMMING, 
M.A. Assistant Master in Rugby School. With 242 lllustrations. Crown 
avo.,¥· 6d. 

DA ¥.-EXERCISES IN ELECTRICAL AND MAGNETIC 
MEASUREMENTS, with Answers. By R. E. DAY. 12mo., :V· 6d. 

Dll BOIS.-THE MAGNETIC CIRCUIT IN THEORY 
AND PRACTICE. By Pf· H. Du Bo1s, Privatdocent in the University of 
Berlin. Translated by E. ATKINSON, Ph.D., formerly Professor of Experi­
mental Science in the Staff College, Sandhurst. With 94 Illustrations. avo., 
1as. net. 

GORE.-THE ART OF ELECTRO-METALLURGY, including 
all known Processes of Electro-Deposition. By G. GoRE, LL.D., 1-'.R.S. With 
.56 Woodcuts. Fcp. avo., 6s. 

JENKIN.-ELECTRICITY AND MAGNETISM. By FLEEMING 
]KNKIN, F.R.S.S. , L. and E., M.I.C.E. With 177 Illustrations. Fcp. avo., 
:V· 6d. 

fO UBER T.-ELEMENTARY TREATISE ON ELECTRICITY 
AND MAGNETISM. Founded on ]OUBKRT's 'Trait6 &6mentaire d'Etectri­
cit6'. By G. C. FosTER, Jo'.R.S .. Quain Professor of Physics in Universitr 
College, London; and E. ATKINSON, Ph.D., formerly Professor of Experi­
mental Science in the Staff College, Sandhurst. With 381 Illustrations. Crown 
avo., 7s. 6d. 

LA.RDEN.-ELECTRICITY FOR PUBLIC SCHOOLS AND 
COLLEGES. By W. LARDEN, M.A. With 215 lllustrations, and a Series 
of Examination Papers, with Answers. Crown avo., 6s. 

MER.RIFIELD.-MAGNETISM AND DEVIATION OF THE 
COMPASS. For the Use of Students in Navigation and Science Schools. By 
JOHN MERRIFIELD, LL.D., F.R.A.S., 1amo., as. 6d. 

POYSER.-Works by A. W. POYSER, M.A., Grammar School, 
Wisbeck. -

MAGNETISM AND ELECTRICITY. With 235 Illustrations • 
. Crown avo., as. 6d. 

ADVANCED ELECTRICITY AND MAGNETISM. With 
317 IUustratlons. Crown 8vo., ¥· 6d. 

SLINGO AND BROOKER.-Works by W. SLINGO and A. 
BROOKER. 

ELECTRICAL ENGINEERING FOR ELECTRIC LIGHT 
ARTISANS AND STUDENTS. With 346 Illustrations. Crown avo., 
las. 

PROBLEMS AND SOLUTIONS IN ELEMENTARY 
ELECTRICITY AND MAGNETISM. Embracing a Complete Set el 
Answers to tbe South Kensington Pa~rs for the years 1885-11194, and a Series 
of Original Questions. With 67 Origmal Illustrations. Crown avo., as. 

TYNDALL.-Works by JOHN TYNDALL, D.C.L., F.R.S. See 
P· 27. 
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' TELEGRAPHY AND THE ifEl.EPHONE. ' 
BENlVETT.-THE TELEPHONE SYSTEMS OF CONTI­

NENTAL EUROPE. By A. R. BENNETI', Member of the Institute of 
Electrical Engineers ; late General Manager in Scotland of the National Tele­
.phone Company, and General Mallager and Electrician of the Mutual and New 
_Telephone Companies. With 169 Illustrations. Crown 8vo. , 1y. 

CULLE Y.--A HANDBOOK OF PRACTICAL TELEGRAPHY. 
By R. S. CULLEY, M.I.C.E., late Engineer.in·ChieC of Telegraphs to the Post 
Office. With 135 Woodcuts and 17 Plates. 8vo. , 16s. · 

PREECE AND SIVEWRIGHT.-TELEGRAPHY. By W. H. 
PI!UCE, C.B., F.R.S., V.P.Inst., C. E. , etc., Engineer-in-Chief and Electrician 
Post Office Telegraphs; and Sir J. SJVEWRIGHT, K.C. M.G., General Manager, 
South Mrican Telegraphs. With :258 Woodcuts. Fcp. 8vo., 6.r. 

ENGINEERING, STRENGTH OF MATERIALS, ETC. 
ANDERSON.-THE STRENGTH OF MATERIALS AND 

STRUCTURES: the Strength of Materials as depending on their Qualit[and 
as ascertained by Testing Apparatus. By Sir J. ANDERSON, C.E., L .D. , 
F.R.S.E. With 66 Woodcuts. Fcp .. Bvo., 31· 6d. 

BARR Y.-RAILWAY APPLIANCES: a Description of Details 
or Railway Construction subsequent to the completion of tjle Earthworks and 
Structures. By JOHN WOLFE BARRY, C.B., M.I.C.E. With :218 Woodcuts. 
Fcp. 8vo., 4S· 6d. 

SMIT.H.-GRAPHICS, or the Art of Calculation by Drawing 
Lines, applied especially to Mechanical Engineering. By ROBERT H. SMITH, 
Professor or Engineerin!f. Mason College, Birmingham. Part I. With separate 
Atlas of :29 Plates conta10ing 97 Diagrams. 8vo., ty. 

STONE Y.-THE THEORY OF THE STRESSES ON 
GIRDERSANDSIMILARSTRUCTURES. WithPracticalObservationson 
the Strength and other Properties of Materials. By BINDON B. STONEY, 

. LL.D., F.R.S., M.I.C.E. With 5 Plates and 143 Illustrations in the Text. 
Royal 8vo., 'j6s. 

UNW I N.-Works by WILLIAM CAWTHORNE UNWIN, 
F.R.S., B.S.C. 

THE TESTING OF MATERIAI:.S OF CONSTRUCTION~ 
Embracing the description of Testing Machinery and Apparatus Auxiliary 
to Mechanical Testing, and an Account of the most Important Researches 
on the Strength of Materials. With 141 Woodcuts and 5 Folding·out Platei 
8vo., :z1s, 

ON THE DEVELOPMENT AND TRANSMISSION OF 
POWER FROM CENTRAL STATIONS: being the Howard Lectures 
delh·ered at the Society of Arts in I89J. With 81 Diagrams. 8vo., 
IQS, net. 

WARREN._:ENGINEERING CONSTRUCTION IN IRON, 
STEEL, AND TIMBER. By WJLUAM HENRY WARREN, Challis Professor 
of Civil and Mechanical Engineering, University of Sydney. With 13 Folding 
Plates, and 375 Diagrams. Royal 8vo. , 16.r. net. 
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MACHINE. DRAWING AND .DESIGN. 
lOW AND BEVIS.-A MANUAL OF MACHINE DR,AWING 

AND DESIGN. By DAVID ALLAN Low (Whitworth Scholar), M.l.Mech.E., 
Head Master of the Technical School, People's Palace, London; and ALFRED 
WILLIAM BEVIS (Whitworth Scholar), M.I.Mech.E., Director of Manual 
Training to the Birmingham School Board. With over 700 Illustrations. 8vo., 
?S. 6d. 

LOW.-Works by DAVID ALLAN LOW, Head Master of the 
Technical School, People's Palace, London. 

IMPROVED DRAWING SCALES. ¥f. il) case. 
AN INTRODUCTION TO MACHINE DRAWING AND 

DESIGN. With <nlllustrations and Diagrams. Crown Svo., :u. 

UNWIN.-THE ELEMENTS OF MACHINE DESIGN. By 
W. CAWTHORNE UNWIN, F. R.S., Professor of Engineering at the Central 
Institute of the City and Guilds of London Institute. · 

Part I. General Principles, Fastenings, aJld Transmissive 
Machinery. With 304 Diagrams, etc. Crown 8vo., 6s. 

Part II. Chiefly on Engine Details. With 174 Woodcuts. 
Crown 8vo. , ¥· 6d. 

LONGMANS' CIVIL ENGINEERING SERIES. 
Edited by the Author of 'Notes on Building Construction'. 

TIDAL RIVERS: their (1) Hydraulics, (2) Improvement, (3) 
Navigation. By W. H. WHKKLER, M.lnst.C.E., author of 'The Drai~ of 
Fens and Low Lands by Gravitation and Steam Power'. With 75lllustrauons. 
Medium Svo., x6s. net. · 

NOTES ON DOCKS AND DOCK CONSTRUCTIO:\. By C· 
COI.SON, M.lnst.C.E., Assistant Director of Works, Admiralty. With 365 
Illustrations. Medium 8vo. , 2u. net. 

PRINCIPLES AND PRACTICE OF HARBOUR CON­
STRUCTION. By WiLLIAM SHIELD, F.R.S.E. , M. lnst.C.E., and Executive 
Engineer, National Harbour of Refuge, Peterbead, N.B. With '¥1 Illustrations. 
Medium avo., ISS· net. . 

CALCULATIONS FOR ENGINEERING STRUCTURES. By 
T. CLAXTON FIDLER, M.I.C.E., Professor of Engineering in the University of 
Dundee; Author of 'A Practical Treatise on Bridge CoDSiruction '. 

. [ ,,. prepartztiq,.. 

A COURSE OF CIVIL ENGINEERING. By L F. VuNON­
HARcouaT. M.Inst.C.E., Professor of Civil Engineo:ring at University College, 
London. · [/11 prtparaJWII.. 

RAILWAY CONSTRUCTION. By W. H. MILLS, M.I.C.E., 
Engineer-in-Chief, Great Northern Railway, Ireland. [/11 prtparaJiull. 
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' WORKSHOP APPLIANCES, ETC . . 
NORTHCOTT.-LATHES AND TURNING, Simple, Mecha­

nical and Ornamental. By W. H. NoRTHCOTr. With 338 Illustrations. 
8vo., t8s. 

SHELLE Y.-WORKSHOP APPLIANCES, including Descrip­
tions of some of thf! Gauging and Measuring Instruments, Hand·cutting Tools, 
Lathes, Drilling, Plaining, and other Machine Tools used by· Engineen. By 
C. P. B. SHELLEY, M.I.C.E. With an additional Cba,pter on Milling by R. 
R. LISTER. With 323 Woodcuts. Fcp. 8vo. , y . 

MINERALOGY, METALLURGY, ETC. 
BAUERMAN;-Works by ·HILARY BAUERMAN, F.G.S. 

SYSTEMATIC MINERALOGY. With 373 Woodcuts and · 
Diagrams. Fcp. 8vo. , 6s. 

DESCRIPTIVE MINERALOGY. With 236 Woodcuts and 
Diagrams. Fcp. 8vo. , 6J • . 

BLOXAM AND. HUNTINGTON.-METALS : their Properties 
and TreatmenL By C, L. BLOXAM and A. K. HUNTINGTON, Professors in 
King's College, London. With 130 Woodcuts. Fcp. 8vo., y . 

GORE.-THE ART OF ELECTRO-METALLURGY, including 
all known Processes of Electro-Deposition. By G. GoRE, LL.D., F.R.S. 
With 56 Woodcuts. Fcp., 8vo. , 6s. 

MITCHELL.-A MANUAL OF PRACTICAL ASSAYING. 
By JOHN MITCHELL, F.C.S. Revised, with the Recent Discoveries incorpo­
rated. By W. CROOKES, F.R.S. With 201 Illustrations. 8vo., 31s. 6d. 

RHEA.D.~MET ALLURGY. An .Elementary Text-Book. By 
E. C. RHEAD, Lecturer on Metallurgy at the Municipal Technical School, 
Manchester. W ith 94 Illustrations. Crown 8vo. , 3S· 6d. 

RUT.I;EY.-THE STUDY OF ROCKS : an Elementary Text­
book of Petrology. By F. RUTLEY, F.G.S. With 6 Plates and 88 Woodcuts. 
Fcp. 8vo. , 4S· 6d. 

ASTRONOMY, NAVIGATION, ETC. 
ABBOTT.-ELEMENTARY THEORY OF THE TIDES: 

. the Fundemental .Theorems Demonstrated without Mathematics and the In­
fluence on the Length of the Day Discussed. By T. K. ABBOTT, B. D. , Fellow 
and Tutor, Trinity College, Dublin. Crown 8vo., :zs. 

BALL.-Works by Sir ROBERT· S. BALL, LL.D., F.R.S. 
ELEMENTS OF ASTRONOMY. With 130 Fignres and Dia­

grams. Fcp. 8vo., 6s. 6d. 

A CLASS.BOOK OF ASTRONOMY. With 4X Diagrams. 
Fcp. 8vo. , I S. 6d. 
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ASTRONOMY, NAVIGATION, ETC.-Conh"nued. 

B.RINKLE Y.-ASTRONOMY. By F. BRINKLEY, formerly 
Astronomer Royal for Ireland .. Re-edited and Revised by J. W. STUBBS, D. D. 
and F. BRUNNOW, Ph.b. With 49 Diagrams. Crown 8vo., 6s. 

CLERKE.-THE SYSTEM OF THE STARS. By AGNES M. 
CJ.ERKE. With 6 Plates, and numerous lllustrations: Bvo., :ars. 

GOOD WI H.-AZIMUTH TABLES FOR THE HIGHER 
DECI.,INATIONS. (Umits of Declination 24" to 30", both inclusive.) 
Between the Parallels of Latitude o0 and 6o0 • With Examples of the Use of 
the Tables in English and French. By H. B. GOODWI:Q'1 'Naval Instructer, 
Royal Navy. Royal 8vo., 7s. 6d. 

HERSCHEL.-OVTLINES OF ASTRONOMY. -By Sir }oHM 
F. W. H&RSCHEL, Rart., K.H., etc. With 9 Plates, and numerous D,iagrams. 
Bvo., x:as. 

LOW'".ELL.-MARS. By PERCIVAL LowELL~ Fellow American 
Academy, l'dember Royal Asiatic Society, Great Britain and Ireland, · etc. 
With :14 Plates. Bvo., I :as. 6d. 

MART/H.-NAVIGATION AND NAUTICAL ASTRONOMY. 
Compiled by Staff Commander W. R. MARTIN, R.N. Royal8•o., ISs. 

MERRIFIELD.-A TREATISE ON NAVIGATION. For 
the Use of Students. By J. MERRIFIELD, LLD., F.R.A.S., F. M.S. With 
Charts and Diagrams. Crown 8vo., y. 

PARKER.-ELEMENTS OF ASTRONOMY. With Numerous 
• Examples and Examination Papers. By GEORGE W. PARKER, M.A., of 

Trinity College, Dublin. With 84 Dia~ms. Bvo., sr. net. 

lf?EBB.-CELESTIAL OBJECTS FOR COMMON TELE­
scoPEs. By the Rev. T. W. WEBB, M.A., F.R.A.S. Fifth Edition, 
Revised and greatly Enlarged by the Rev. T. E. EsPIN, M.A., F.R.A.S. (Two 
Volumes.) Vol. 1., with Portrait and a Reminiscence of the Author, :a Plates, 
and numet"ous Illustrations. Crown Bvo., 6s. Vol. II., with numerous lllustra· 
tions. Crown Bvo., 6s. 6d. 

WORKS BY RICHARD A. PROCTOR. 
OLD AND NEW ASTRONOMY. With 21 Plates and 472 

Illustrations in the Text. 4to. ·, :au. 

MYTHS AND MARVELS OF ASTRONOMY. Crown 8vo., 
g.r. 6d. 

THE MOON: Her Motions, Aspect; Scenery, and Physical 
Condition. With many Plates and Charts, Wood Engravings, and 2 Lunar 
Phot6graphs. Crown Bvo., ss. 

THE UNIVERSE OF STARS : Researches into, and New Views 
respecting the Constitution of the Heavens. With :a:a Charts (4 Coloured), and 
:a:a Diagrams. Svo., IOS. 6d. 
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WORKS BY RICHARD A. PROCTOR-Cllltlinwd. 

OTHER WORLDS TliAN OURS: the Plurality of Worlds 
Studied Under the Light of Recent Scientific Researches.· With 14 IUuatrations; 
Map, Charts, ~c. Crown avo. , 31· 64. 

THE ORBS AROUND US; Essays on the Moon and Planets, 
Meteon and Comets, the Sun and Coloured Pain of Suns. Crown avo., 31· 6d. 

LIGHT SCIENCE FOR LEISURE HOURS: Familiar Essays 
on Scientific Subjects. Natural Phenomena, etc. 3 vols., crown avo., y. each 

THE EXPANSE OF HEAVEN: Essays on the Wonders of the 
Firmament. Crown avo., 31· 6d. 

OTHER SUNS THAN OURS: a Series of Essays on Suns-Old, 
Young, and Dead. With other Science Gleanings. Two Essays· on Whist, 
and Correspondence with Sir John Henchel. With 9 Star-Maps and DiagraJ:ps. 
Crown avo., 31· 6d. . . . 

HALF-HQURS WITH THE TELESCOPE: a Popular Guide 
to the Use of the Telescope as a means of Amusement and Instruction. With 
7 Plates. Fcp. avo., 11-1· 6d. 

NEW STAR ATLAS FOR THE LIBRARY, the School, and 
the Observatory, in Twelve Circular Maps {with Two Index-Plates). With an 
introduction on the Study of the Stars. Illustrated by 9 Diagruns. Crown avo., 
y. 

THE SOUTHERN SKIES : a Plain and Easy Guide to tbe 
Constellations of the Southern Hemisphere. Showing in 12 Maps the position 
of the principal Star-Groups night after night throughout the year. With an 
lntrod~n and a separate Explanation of each Map. True for every Year. 
4tO., SS· 

HALF-HOURS WITH THE STARS: a Plain and Easy Guide 
to the Knowledge of the Constellations. Showing in 12 Maps the position of 
the principal Star-Groups night after night throughout the year. With Intro­
duction and a separate Explanation of each Map. True for every Year. 
4tO., 31· 6d. 

LARGER STAR ATLAS FOR OBSERVERS AND STUD~NTS. 
In Twelve Circular Maps, showing 6ooo Stars, 1,500 Double Stan, Nebula:, etc. 
With 2 Index-Plates. Folio, 1y. . 

THE STARS IN THEIR SEASONS : an Easy Guide to a 
Knowledge of the Star-Groups. In 12 Large Maps. Imperial avo., y. 

ROUGH WAYS MADE SMOOTH. :Familiar Essays on. 
Scientific Subjects. Crown 8vo. , 31· 6d. 

PLEASANT WAYS IN SCIENCE. Crown 8vo., 31· 6d. 

NATURE STUDIES. By R. A. PROCTOR, GRANT ALLEN, A. 
WILSON, T. FOSTEil, and E. CLODD. Crown avo., 31· 6d. 

LEISURE READINGS. By R. A. PROCTOR, E. CLODD, A. 
WJJ.SON, T. FOSTEil, and A, C. RANYABD. Crown avo., 31· 6d. 
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MANUFACTURES, TECHNOLOGY, ETC. 
BELL.-JACQUARD WEAVING AND DESIGNING. By F. T. 

BELL, Medallist m Hdllours and Certificated Teacher in ' Linen Manufacturing ' 
and in • Weaving and Pattern De;igning,' City and Guilds of I..ondon Institute. 
With 199 Di~ms. 8vo., Jas. net. 

CROSS AND BE V A.N.-CELLULOSE : an Outline of the 
Chemistry of the Structural Elements of Plants. With Reference to their 
Natural History and Industrial Uses. By CROSS and BEVAN (C. F. Cross, E. 
J. Bevan, and C. Beadle), With 14 Plates. Crown 8vo., Jas, net; 

TAYLOR.-COTTON WEAVING AND DESIGNING. By 
}OHN T. TAYLOR. With 373 Diagrams. Crown 8vo., 71. 6d, neL 

LUPTO.N.-MINING. An Elementary Treatise on the Getting 
of Minerals. By ARNOLD LUPTON, M.I.C.E., F.G.S., etc. With 5¢ Diagram& 
and Illustrations. Crown 8vo. , 91· neL 

WAITS.-AN INTRODUCTORY MANUAL FOR SUGAR 
GROWERS. By FRANCIS WATTS, F.C.S. , F.I.C. With ao Illustrations. 
Crown 8vo., 6r. . ' 

PHYSIOGRAPHY AND GEOLOGY. 
BIRD.-Works by CHARLES BIRD, B.A. 

ELEMENTARY GEOLOGY. With Geological Map of the 
British Isles, and 247 1\lustrations. Crown 8~o. , as. 6d. 

ADVANCED GEOLOGY. A Manual for Students in Advanced 
Classes and' for General Readers. With over 300 Illustrations, a Geological! 
Map of the British Isles (coloured), and a set of Questions for Examination.. 
Crown 8vo., 71. 6d. 

GREE.N.-PHYSICAL GEOLOGY FOR STUDENTS AND' 
GENERAL READERS. With Illustrations. By A. H. GREI:N, M.A.. 
F.G.S. 8vo., 2u. 

THO.RNTO.N.-Works by J. THORNTON, M.A. 
ELEMENTARY PHYSIOGRAPHY: an Introduction to the­

Stady of Nature. With 12 Maps and 247 Illustrations. With Appendix on, 
Astronomical Instruments and Measurements. CroYo"D 8vo., as. 6d. 

ADVANCED PHYSIOGRAPHY. With 6 Maps and 18o. 
Illustrations. Crown 8vo. , 4S· 6d. 

HEALTH AND HYGIENE. 
BRAY.-PHYSIOLOGY AND THE LAWS OF HEALTH, in 

Easy Lessons for Schools. By Mrs. CHARLES BRAY. Fcp. 8vo. , Js. 

BRODJ{IRB.-MANUAL OF HEALTH AND TEMPER-
ANCE. By T. BliODiliBB, M.A. With Extracts from Gough's ' Temperance· 
Orations'. Revised and Edited by the Rev. W. RUTHVEN PYM, M.A., Member· 
of the Sheffield School Board. Crown 8vo. , Js. 6d • 

.BUCKTO.N.- HEALTH IN THE HOUSE; Twenty.five 
Lectures on Elementary Physiology. By Mrs. C. M. BUCKTON. W ith 41.. 
Woodcuts and Diagrams.. Crown 8vo. , as. 
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HEALTH AND HYpiENE-Omllnu.W. 
CO.RFIELD.-THE LAWS OF HEALTH. By W. H. CoR­

FIELD, M.A., M.D. Fcp. Svo., IS. 6tl. 

FRANKLAND.-MICRO-ORGANISMS IN WATER, THEIR 
SIGNIFICANCE, IDENTIFICATION, ~ND REMOVAL. Together with 
an Account of the Bacteriological Methods Involved in their Investigation. 
Specially Designed for the Use of those connected with the Sanitary Aspects of 
Water Supply. By Professor PERCY FRANKLAJ\D, Ph.D. , B.Sc. (Lond.), 
F.R.S. , Fellow of the Chemical Society ; and Mrs. PERCY FRANKLAND. With 
2 Plates and numerous Diagrams. Svo:, 16s. net. 

NOTTER AND FIRTH.-HYGIENE. By J. L. NOTTER, M.A., 
M.D., and R. H. FIRTH, F.R.C.S. With 95 Illustrations. Crown Svo., 3S· 6tl. 

POORE.-ESSAYS ON RURAL HYGIENE. By GF.oRGE 
VIVIAN POORE, M.D. Crown Svo., 6s. 6tl. 

W/LSON.-A MANUAL OF HEA:LTH-SCIENCE: adapted 
for use in Schools and Colleges, and suited to the requirements of Students 
preparing for the Examinations in Hygiene of the Science and Art Department, 
etc. By ANDREW WILSON, F.R.S.E., F.L.S., etc. With 74 Illustrations. 
Crown Svo. , as. 611. 

NATURAL HISTORY, EVOLUTION, ETC. 
CLODD.-\Vorks hy· EDWARD CLODD. 

THE STORY OF CREATION : A Plain Account of Evolution. 
With 77 Illustrations. Crown 8\'0., 3S• 6tl. 

A PRIMER OF EVOLUTION : being a Popular Abridged 
Edition of • Tbe Story of Creation •. With Illustrations. Fcp. Svo. , IS. fJ. 

FURNEA UX.-Works by WILLIAM S. FURNEAUX. 
THE OUTDOOR WORLD; or, The Young Collector's_Hand· 

· book. With 18 Plates, 16 of which are coloured, and 549 Illustrations in the 
Text. Crown Svo., 7s. 6d. 

BUTTERFLIES AND MOTHS (British). With u Coloured 
Plates and 241 Jllustrations in the Text. 121. 6d. 

LIFE IN PONDS AND STREAMS. With 8 Coloured Plates 
and 3II Illustrations in the Text. Crown avo. ·, 121. 6tl. · 

HUDSON.-BRITISH BIRDS. By W. H. HurisoN, C.M.Z.S. 
With 8 Coloured Plates from Original Dra~ngs by A. THORBURN, and 8 Plates 
and 100 Figures in black and white from Original Drawings by C. E. LoDGR, 
a net 3 lllustrations from Photographs by R. B. LoDGE. Crown Svo. , 121. 6t/, 

ROMANES.-W.orks by GEORGE JOHN ROMANES, LL.D., 
F.R.S. . 

DARWIN, AND AFTER DARWIN : an Exposition of the 
Darwinian Theory, and a Discussion on Post-Darwinian Questions.· 
Part I. THE DARWINIAN THEORY. With Portrait of DarY.in and 125 

lllustrations. Crown Svo. , IOS. 6d. 
Part II. PO~'T-DARWINIAN QUESTIONS: Heredity and Utility. With 

Portrait of the Author and 5 Illustrations. Crown 8\·o. , Ios. 6d. 

AN EXAMINATION OF WEISMANNISM. Crown 8m., 6s. 
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MEDICJNE AND SURGERY.· 
ASHBY ANn WRIGHT.-THE DISEASES OF CHILDREN, 

MEDICAL AND SURGICAL. By HENRY ASHBY, M.D., Lond., F.R.C.P., 
and G. A. WRIGHT, B.A., M.B., Oxon. , Jo'.R.C.S., Eng. With 192 Illustra­
tions. avo,! 2 '>~'· 

BENNETT.-Works by WILLIAM H. BENNETT, F.R.C.S., 
Surgeon to St. George's Hospital. 

CLINICAL LECTURES ON VARICOSE VEINS OF THE 
LOWER EXTREMITIES. With 3 Plates. 8vo., 6s. 

ON VARICOCELE; A PRACTICAL TREATISE. With 4 
Tables and a Diagram. 8vo., y. 

CLINICAL LECTURES ON ABDOMINAL HERNIA : 
chiefly in relation to Treatment, including the Radical Cure. With 12 Dia­
grams in the Text. 8vo., 8s. 6d. 

C LA R K E. -POST-MORTEM EXAMINATIONS IN 
MEDICO-LEGAL AND ORDINARY CASES. With Special Chapters on 
the Legal Aspects of Post-Mortems, and on Certificates of Death. By J. 
JACKSON CLARKE, M.B. (Lond.), F.R.C.S. Fcp. 8vo., 2S. 6d. · 

COA TS.-A MANUAL OF PATHOLOGY. By JosEPH 
COATS, M.D., Professor of Pathology in' the University of Glasgow. Third 
Edition. Revised throughout. With SCYl Illustrations. 8vo., 3u. 6d. 

COOKE.-Works by THOMAS COOK, F.R.C.S. Eng., B.A., 
B.Sc., M.D., Paris. 

TABLETS OF ANATOMY. Being a Synopsis of Demonstra­
tions given in the Westminster Hospital Medica! School in the years xfi7I·7.5· 
Tenth Thousand. being a selection of the Tablets belie\·ed to be most useful 
to Students generally. Post 4to •• xos. 6d. 

APHORISMS IN APPLIED ANATOMY AND OPERATIVE 
SURGERY. Including 100 Typical viv4 v«e Questions on Surface Marking, 
etc. Crown 8vo., y. 6d. 

DISSECTION GUIDES. Aiming at Extending and Facilitating 
such Practical work in Anatomy as ~I pe specially useful in connection with 
an ordinary Hospital Curriculum. 8vo., Ios. 6d. 

DICKINSON.-Works ·by W. HOWSHIP DICKINSON, M.D. 
Cantab., F.R.C.P. 

ON RENAL AND URINARY AFFECTIONS. Complete 
in Three Parts, 8vo., with 12 Plates and 1.22 Woodcuts. Price £3 ¥ ·· 6tJ, 
cloth. · 

• .• The Parts can also be bad separately, each complete in itself, as follows:-

Part I. Diabetes, IOS. 6d. sewed, us .• cloth.· 
Part II. Albuminuria, £1 sewed, £1 IS. cloth. 
Part III. Miscellaneous Affections of the Kidneys and Urine, 

£1 IOS. sewed, £I ns. 6d. cloth. 
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.DICKINSON-Works by W. HOWSHIP DICKINSON, M.D. 
. Cimtab., F.R.C.P.-ronlinued. 

THE TONGUE AS AN INDICATION OF DISEASE; 
being the Lumleian l..ectures delivered at the Royal College of Physicians in 
March, 1888. Svo., 71. 6d. 

THE HARVEIAN ORATION ON HARVEY IN ANCIENT 
AND MODERN MEDICINE. Crown 8vo., 21. 6d. 

OCCASIONAL PAPERS ON MEDICAL SUBJECTS, I8SS-
18¢. Svo., 121, 

JZR/CHSEN.-THE SCIF.NCE AND ART OF SURGERY; 
a Treatise on Surgical Injuries, Diseases, and Operations. Tenth Edition. Re­
vised by the late MARCUS BECK, M.S., and M.B. (Lbnd.}, F.R.C.S., and by 
RAYMOND jOHNSON, M.B. and B.S. (Lond.), F.R.C.S. Illustrated by nearly 
1000 Engravings on Wood. 2 vols., royal8vo., 18s. 

GARROD.-Works by SIR ALFRED BARING GARROD, 
M.D., F.R.S., etc. 

A TREATISE QN GOUT AND RHEUMATIC GOUT 
, RHEUMATOID ARTHRITIS). With 6 Plates, comprising 21 Figures · 

14 Coloured), and 27 Illustrations engraved on Wood. Svo., :us. 

THE ESSENTIALS OF MATERIA MEDICA AND THERA­
PEUTICS. Revised IUid Edited, under the supervision of the Author, by 
NESTOR TIRARD, M.D., Lond., F.R.C.P., Ploofesaor of Materia Medica and 
Therapeutics in King's College, London, etc. Crown 8vo. , 121. 6d. 

<7RA Y.-ANATOMY, DESCRIPTIVE AND SURGICAL. By 
HENRY GRAY, F.R.S., late l..ecturel' on Anatomy at St. George's Hospital. 
The Thirteenth Edition, re-edited by T. PICKERING PICK, S~n to St. 
George's Hospital ; Member of the Court of Examiners, Royal College of 
Surgeons of England With 6,36large Woodcut Illustrations, a large propor­
tion of which are coloured, the Arteries being coloured red, the Veins blue, and 
the Nerves yellow. The attachments of the muscles to the bones, in the section 
on Osteology, are alio shown in coloured outline. Royal8vo., 36-r. 

HALLIBURTON.-Works by W. D. HALLIBURTON, M.D., 
F.R.S., M.R.C.P. · 

A TEXT-BOOK OF CHEMICAL PHYSIOLOGY AND 
PATHOLOGY. With 104 Illustrations. Svo., 28s. 

ESSENTIALS OF CHEMICAL PHYSIOLOGY. Second 
Edition. 8vo., y. 

LANG.-THE METHODICAL EXAMINATION OF THE 
EYE. Being Part I. of a Guide to the Practice of Ophthalmology for Students 
and Practitioners. By WILLIAM LANG, F.R.C.S., Eng., Surgeon to the Royal 
London Ophthalmic Hospital, Moorfields, etc. With 15 Illustrations. 
Crown Svo., 31· 6d. · 
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LIVEING.-Works by ROBERT l.IVEING, M.A. and M.D. 
Cantah., F.R.C.P., Lond., etc., Physician t~ the Department 
for Diseases of the Skin at the Middlesex Hospital, etc. · 

HANDBOOK ON DISEASES OF THE SKIN. With especial 
reference to Diagnosis and Treatment. Fcap. Svo. ,. SS· 

ELEPHANTIASIS GR.IECORUM, OR TRUE LEPROSY; 
Being th(! Goulstonian Lecture-s for 1873- Cr. Svo., ¥ · M. 

'LONGMORE.-Works by Surgeon-General Sir T. LONGMORE 
(Retired}, C.B., F.R.C.S. 

THE ILLUSTRATED OPTICAL MANUAL; oR, HAND· 
BOOK OF INSTRUCfiONS FOR THE GUIDANCE OF SURGEONS 
IN TE.."\TING QUALITY AND RANGE OF VISION, AND IN Dis­
TINGUISHING AND DEALING WITH OPTICAL DEFKCTS IN GENERAL. 
Illustrated by· 74 Drawings and Diagrams by Tnspector-Gen~ral Dr. 
MACDONALD, R.N .. F.R.S., C.B. Svo. , 141. 

GUNSHOT INJURIES. Their History, Charactcristi1: Features, 
Complications, and General Treatment ; with Statistirs concerning them 
as they have been met ,with in Warfare. With 78 Illustrations. Sv.,,, 
~IS, 6J, , . 

LUF.F.-TEXT·BOOK OF FORENSIC MEDICINE AND 
TOXICOLOGY. By ARTHUR P. LUFF, M.D., B.Sc. (l..ond.), Physician 
in Charge of Out·Patients and Lecturer on Medical Jurisprudence and 
Toldcology in St. Mary's Hospital ; ~aminer in Forensic Medicine in the 
University of London; External Examiner in Forensic Medicine in the 
VictOiia University; Official Analyst to the Home Office. With numerous 
llhatra tions. 2 vols. • crown Svo., 241· 

NEWMAN.- ON THE DISEASF.S OF THE KIDNEY 
AMENABLE TO SURGICAL TREATMEJiiT. Lectures to Practitioners. 
By DAnD NEWMAN, M.D., Surgeon to thl" 'Western Infirmary Out-DoOI 
Department ; Pathologist :md Lecturer on Pathology ot the G:osgow Roval 
Infirmary; Examiner in Pathology in lhl" Unh·ersity of Glasgow ; Vice­
President Glasgow Pathological and Clinical l'ociety. Bvo., I6s. 

0 WE N.-A MANUAL OF ANATOMY FOR SENIOR 
STUDENTS. Fly EDMUND OWRN, M.B., F.R.~.C., Senior Surgeon to the 
Hospital for ~ick Children, Great Ormond Street, Surgeon to St. Mary's 
Hospital, London, and co-Lecturer on Surgery. late Lecturer on Anatomy in 
its Medical School. With 210 111ustrations. Crown Svo., as. M . 

POOLE.-CQOKERY FOR THE DIABhTJC. By W. H and 
Mn;· Pc.oLE •• With Preface by f.'r. PAVY. Fcap. 8vo., as. 6d. 
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QUAIN.- A DICTIONARY OF MEDICINE; Including 
General Pathology, Gomeral Therapeutics, Hygiene, and the Disease! of 
Women and ~ildren. By Various Writers. Edited by RICHARD QUAIN, 

·Bart., M.D. Lond., LL.D. Edin. (Hon.) F.R.S., Physician Extraordinary to 
H.M. the Queen, President of the General Medical Council, Member of the 
Senate of the University of London, etc. Assisted by FREDERICK THOMAS 
ROIISRTS, M.D. Lond., B.Sc., Fellow of the Royal College of Physicians, 
Fellow of University College, Professor -of Materia Medica and Therapeutics, 
University College, &c.; and J. MITCHELL BRUCE, M.A. Abdn., M.D. Lond., 
Fellow of the Royal College of Physicians of London, Physician and Lecturer 
on the Princii?Ies and Prat:tiee of Medicine, Charing Cross Hospital, &c. New 
Edition, Revised throughout and Enlar11ed In 2 Vols., medtum Bvo., cloth, 
red edges, price 401· net. 

QUAI.N.-QUAIN'S OONES) ELEMENTS 01<' ANATOMY. 
The Tenth Edition. Edited by EDWARD ALBERT ScHAFER, F.R.S., Professor 
of Physiology and Histology m University College, London ; and GEORGE 
DANCER THANE, Professor of Anatomy in University College, London. In 3 
Vols. 

* * * The several parts of this work form COMPLETE TEXT·BOOKS OF THEIR I.E· 
SPECTIVE SUBJECTS. They can be obtained separately as follows :-

VoL. I, PART I. EMBRYOLOGY. 
By E. A. ScHAFER, F.R.S. With 
:zoo lllustrations. Royal8vo. , 9S· 

VOI •. I., PART II. GENERAL ANA­
. TOMY OR HISTOLOGY, By E. 
A. SCHAFER, F.R.S. With 291 
Jllust.rations. Royal Svo., x:zs. 6d. 

VoL. II., PART I. OSTEOLOGY. By 
G. D. THANE. With 168 lllustra· 
tions. koyal Svo., 9S. 

VoL. II. , PART II. ARTHROLOGY 
-MYOLOGY -ANGEIOLOGY. 
By G. D. THANK. With 255 Jllustra­
tions. Royal Svo. , x8s. 

VoL. Jll., PART I. THE SPINAL 
CORD AND BRAIN. By E. A. 
SCHAFER, F.R.S. With 139 Illus­
trations. Royal Svo., x:zs. 6d. 

VoL. III. PART II. THE NERVES. 
By G. D. THANE. With 102 
Ill~trations. Royal Svo., 9S· 

VoL. III., PART III. THE ORGANS 
OF THE SENSE'S. By E. A. 
ScHAFER, F .R.S. With 178 Illus­
trations. Royal~ Svo., 9S· 

VoL. III., PART IV. SPLANCH-
NOLOGY. By E. A. SCHXFER, 
F.R.S., and jOHNSON SYMINGTON, 
M.D. With 337 Illustrations. Royal 
Svo., x6.r. 

APPENDIX. SUPERFICIAL AND 
SURGICAL ANATOMY. By 
Professor G. D. THANE and Pro­
fessor R. J. GODLEE, M.S. With 
29 lllustrations. Royal Svo., 6.r. ,6d. 

SCHAFER.-THE ESSENTIALS OF HISTOLOGY. Descrip-
tive and Practical. For the Use of Students. By E. A. SCHAFER, F.R.S., 
Jod'rell Professor of Phlsioi<>!O: in Universitv College, London ; Editor of the 
Histological Portion o Quain's 'Anatomy\ Illustrated by more than 300 
Figures, many of which are new. Svo. , 7s. 6d. (Interleaved, Ios.) 

SCHENK.-MANUAL OF BACTERIOLOGY. For Practi­
tioners and Students. With especial reference to Practical Methods. By Dr. 
S. L. ScHEIIIK, Professor (Extraordinary) in the University of Vienna. Trans­
lated from the German, wah an Appendix, b.y W. R. DAWSON, B.A., M.D .. 
Univ. Dub. ; late University Travelling Pmernan in Medicine. With xco 
Illustrations, some of which are coloured; Bvo., xos, net,. 
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MEDICINE AND SUROERY-~nHnued. 

SMALE AND COLYER. DISEASES AND 1NJUR1ES OF 
THE TEETH, including PathQ)ogy and Treatment : a Manual of Practical 
Dentistry for Students and Practitioners. By MORTON SMALE M.R.C.S. , 
L.S.A., L.D.~ •• Dental Surgeon to St. Mary's Hospital, Dean of the School, 
Dental Hospttal of London, etc.; and J. F. COLYER, L.R.C.P., M.R.C.S., 
L.D.S., Assistant Dental Surfeon to Charing Cross Hospital, and As'>istant 
Dental Surgeon to the Denta Hospital of London. With 334 Illustrations. 
Large Crown 8vo., 155. 

SJIITH (H F.). THE HANDBOOK FOR MIDWIVES By 
HENRY FLY SMITH, B.A., M.B. Oxon .. M.R.C.S. With 41 Woodcuts. 
Crown 8vo., price SS· 

STEEL.-Works by JOHN HENRY STEEL, F.R.C.V.S., F.Z.S., 
A.V.D. ' 

·oN THE DISEASES OF THE DOG; being 
al of Canine Pathology. EsJlecially adapted for the use of Veterinary 

ctitioners and Students. 88 Illustrations. 8vo., IOS 6d. 

A;tREATISE ON THE DISEASES OF THE OX; being a 
f Manual of Bovine Pathology. Especially adapted for the use of Veterinary 

Practitioners and Students. 2 PL'ltes and II7 Woodcuts. 8vo., xy. 

A TREATISE ON THE DISEASES OF THE SHEEP; being 
a Manual of Ovine Pathology for the use of Veterinary Practitioners and 
Students. With Coloured Plate and 99 Woodcuts. 8vo., I2S. 

OUTLINES OF EQUINE ANATOMY; a Manual for the use 
of Veterinary Students in the Dissecting Room. Crov;n 8vo., 7s. 6d. 

'STO.NEHENGE.'-THE DOG IN HEALTH AND DIS-
EASE. By 'STONEHENGE'. With 84 Wood Engravings. Square Crown 
8vo., 7s. 6d. 

WALLER.-AN INTRODUCTION TO HUMAN PHYSIO-
LOGY. By AUGUSTUS D. WALLER, M.D., Lecturer on Physiology at St. 

' Mary's Hospital Medical School, London ; late External Examiner at the 
Victorian University. Second Edition, Revised. With 305 Illustrations. 8vo., 
ISs, 

WEICHSELBA UM.-THE ELEMENTS d.F PATHOLOGI­
CAL HISTOLOGY. With Special Reference to Practical Methods. By Dr. 
AI'(TON WEICHSEL,BAUM, Professor of Pathology in the University of Vtenna. 
Translated by W. R. DAWSON, M.D. (IJub.), Demqnstrator of Pathology in 
the Royal College of Surgeons, Ireland, late Medical Travelling Prizeman of 
Dublin University, &c. With 221 Figures, partly in Colours, a Cromo.Jitho­
graphic Plate, and 7 Photographic Plates. Royal 8vo., :zu. net. 
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MEDICINE AND SURGERY-CoMiinNMI. 

WILKS AND .MOXON.-LECTURES ON· PATHOLOGICAL 
ANATOMY. By SAKUKL WILKS, M.D., F.R.S., Consulting Physician to, 
and formerly Lecturer on Medicine and Pathology at Guy's Hospital, and the 
late WALTER MOXON, M.D., F.R.C.P •• Physician to, and some time Lecturer 
on Pathology at Guy's Hospital. Third Edition, thoroughly Revised. By 
SAKUKL WILKS, M.D., LL.D., F.R.S. 8vo., ISs. 

YOUATT.-Works by WILLIAM YOUATT. 

THE HORSE. Revised and Enlarged by W. WATSON, 
M.R.C.V.S. With sa Woodcuts. Svo., 7s. 6d. 

THE DOG. Revised and Enlarged~ With 33 WoOdcuts. 
Svo., 6t. 

PHYSIOLOGY, BIOLOGY, ETC. 

ASHB Y.-NOTES ON PHYSIOLOGY, for the Use of Students 
Preparing for Examination. By HENRY AsHBY, M.D. With I41 Illustiations. 
Fcp. 8vo., SS· 

BARNETT.-THE MAKING OF THE BODY: a Childrea1's 
Book on Anatomy and Physiology, for School and Home Use. By Mn.. S. '.f.. 
BARNETT. With 113 Illustrations. Crown 8vo. , IS. 9fl. \ 

BI.DGOOD.-A COURSE OF PRACTICAL ELEMENTAR \J 
BIOLOGY. By JOHN BIDGOOD, B.Sc. , F.L.S. With 226 Illustrations.·. 
Crown 8vo. , ¥ · 6d. \ 

BRA Y.-PHYSIOLOGY AND THE. LAWS OF HEALTH, in 
Easy Lessons for Schools. By Mrs. CHARLES BRAY. f'cp. 8vo., IS. 

FRANKLAND.-MICRO-ORGANISMS IN WATER. To-
gether with an Account of the Bacteriological Methods involved in their 
Investigation. Specially desigqed for the use of those connected with the 
Sanitary Aspects of Water-Supply: By PERCY FRANKLAND, Ph.D., B.Sc. 
(~nd.), F.R.S. , and Mrs. PRRCY FRANKLAND. With 2 Plates and Numerous \ 
b1agrams. 8vo., 16t. net. . 

FU.RNEA UX.-HUMAN PHYSIOLOGY. By W. FuRNEAUX, 
F. R. G. S. With 2I8 lllustrations. Crown 8vo. , :zs. 6d. 

HUDSON AND .GOSSE.-THE ROTIFERA, or 'WHEEL­
ANIMALCULES'. By C. T . HUDSON, LL. IJ., and P. H. GOiisE, F.R.S. 
With 30 Coloured and 4 Uncoloured Plates. In 6 Parts. 4to. , IOS. 6d. each> 
Supplement I2S. 6d. Complete in a vols., with Supplement, 4t0., £4 ¥· 
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PHY810LOOY, BIOLOQY, ETC.-Oollh'nt~.m'. 

, MACALISTER.-Works by ALEXANDER MACALISTER, 
M.D. 

ZOOLOGY AND MORPHOLOGY OF VERTEBRATA. 
Svo., ras. 6d. 

ZOOLOGY OF THE INVERTEBRATE ANIMALS. With 
59 Diagrams. Fcp. Svo., IS. 6d. 

ZOOLOGY OF THE VERTEBRATE ANIMALS. With 77 
Diagrams. Fcp. Svo., IS. M. 

MORGAN-ANIMAL BIOLOGY: an Elemenciuy Text-Book. 
By C. LLOYD MORG~N. With numerous Illustrations. Crown Svo., 8s. 6d. 

SCHENK.-MANUAL OF BACTERIOLOGY, for Practitioners 
and Students, with Especial Reference to Practical Methods. By Dr. S. L. 
ScHENK. With roo Illustrations, some of which are Coloured. Svo., Ios. net. 

THORNTOA.-HUMAN PHYSIOLOGY. By JoHN THORNTON, 
M.A. With 2671llustrations, some Coloured. Crown Svo., 6s. 

BOTANY. 

AITKEN-ELEMENTARY TEXT-BOOK OF BOTANY. 
For the use of Schools. By EDITH AITKEN, late Scholar of Girton College. 
With over 400 Diagrams. Crown Svo., 41· 6d. • 

BENNETT AND MURRA Y.-HANDBOOK OF CRYPTO­
GAMIC BOTANY. By ALFRED W. BENNETT, M.A., B.Sc., F.L..S. , Lecturer 
on Botany at St. Thomas's Hospital; and GEORGE MURRAY, F.L.S., Keeper 
of Botany, British Museum. W1th 378 Illustrations. Svo., 16s. 

CROSS AND BE VAN-CELLULOSE: an Outline of the 
Chemistry of the Structural Elements of Plants. With Reference to their 
Natural History and Industrial Uses. By CRoss and BEVAN (C. F. Cross, E. 
]. Bevan, and C. Beadle). With 14 Platt!S. Crown Svo., 12r. net. 

EDMONDS.-Works by HENRY EDMONDS, B.Sc., London. 

ELEMENTARY BOTANY, Theoretical and Practical. , With 
319 Diagrams and Woodcuts. Crown Svo. , 21. 6d. 

BOT ANY FOR BEGINNERS. With 85 Illustrations. 
8vo. , rs. 6d. 

Fcp. 

KITCHENER.-A YEAR'S BOTANY. 'Adapted to Home 
and School Use. With Illustrations by the Author. By FRANCES ANNA 
KITCHENER. Crown Svo., SS· 
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BOTANY-Oim/lnU«t. 

LINDLEY AND MOORE.-THE TREASURY OF BOTANY; 
or, Popular Dictionary of the Vegetable Kjngdom: with which is incorporated 
a Glossary of Botanical Terti)S. Edited by J. LINDLEY, M.D. , F.R.S. , and T . 
MOORE, F.L.S. 'With 20 Steel Plates and numerous Woodcuts. Two parts, 
fcp. 8vo. , xa.r. 

MtNAB.-Cl;ASS-BOOK OF BOTANY. 
MORPHOLOGY AND PHYSIOLOGY. 

Fcp. Svo., u. 6d, 

By W. R. McNAB. 
With 42 J?iagrams. 

CLASSIFICATION OF PLANTS. With 118 Diagrams. 
Fcp. 8vo., ts. 6d. 

THOME AND BENNETT.-STRUCTURAL AND PHYSIO­
LOGICAL BOTANY. By Dr. OTTo WILHELM THOMf and by ALFRED W. 
BENNETT, M.A. , B.Sc., F. L.S. With Coloured Map and 6oo Woodcuts. 
Fcp. 8vo., 6s. 

WATTS.-A SCHOOL FLORA. For the use of Elementary 
Botanical Classes. By W. MAI!SHALL WATTS, D.Sc. Lond •. Crown Svo., 
2!. 6d. 

AGRICULTURE AND GARDENING. 
ADDYMAN.-AGRlCULTURAL ANALYSIS. A Manual of 

Quantitative Analysis for Students of Agriculture. By FRANK T. ADDYMAN, 
B.Sc. (Lond.), F. I. C., Lecturer on Agricultural Chemistry, University College, 
Nottingham, etc. With 49 Illustrations. Crown Svo., SS· net. 

COLEMAN AND ADDYMAN.-PRACTICAL AGRICUL­
TURAL CHEMISTRY. For Elementary Students, adapted for use. in 
Agricultural Classes and Colleges. By J, BERNARD COLEMAN, A.R.C.Sc., 
F.I.C., and FRANK T .•ADDYMAN, B.Sc. (Lond.), F. I. C. With 24 Illustrations. 
Crown Svo. , Is 6d. net. 

LOUDON.-ENCYCLOPLEDIA OF AGRICULTURE; the 
Laying-out, Improvement, and Management of Landed Property; the Culti­
vation and Economy of the Productions of Agriculture. By J. C. LoUDON, 
F.L.S. With uoo Woodcuts. Svo. , 2IS. 

SORA UER.-A POPULAR TREATISE ON THE PHYSIO-
LOGY OF PLANTS. For the use of Gardeners, or for Students of Horticul­
ture and of Agriculture. By Dr. PAUL SoRAUER. Translated by F. E. 
WEisS, B.Sc., F.L.S. With 331llustrations. Svo., 9S· net. 

WEBB.-Works by HENRY J. WEBB, Ph.D., B.Sc. (Lond.); 
late Principal of the Agricultural College, Aspatria. 

ELEMENTARY AGRICULTURE. A Text-Book specially 
adapted to the requirements of the Science and Art Department, the Junior 
Examination of the Royal Agricultural Society, and other Elementary Exami­
nations. With 34 Illustrations. Crown Svo., a.r. 6d. 

AGRICULTURE. A Manual for Advanced Science Students. 
With 100 Illustrations. Crown Svo., 7s. 6d. net. 
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WORKS BY JOHN TYNDALL, D.C.L., LL.D., F.R.S. 

FRAGMENTS OF SCIENCE: a Series of Detached Essays, 
Addresses, and Reviews. 2 vols. Crown 8\'0. , 16s. 

Vol. I.-The Constitution of Nature-Radiation-On Radiant Heat In Relation to the 
Colour and Chemical Constitution of Bodiee--New Chemical Reactions produced by 
Light-On Duat and Disease-Voyage to All{erla to oboerve the Eclipse-Niagara­
The Parallel Roada of Glen Roy-Alpine Sculpture-Recent Experiment& on Fog· 
Signalo-On the Study of Phyou:a-On Cryotalline and Slaty Cleavage-On Para· 
magnetic and Diamagnetic Forcea-Phyolcal Baaia of Solar Chemlatry-Eiementary 
Magnetism-On Force-Contributions to Molecular Physica-Life and Letters of 
FARADAY-The Copley Medallist of •87<.-Tbe Copley Medallist of 1871-Death by 
Lightning-Science and the Spirlta. 

Vol. 11.-Reflectiou on Prayer· and Natural Law-Miraclea and Special Providencea-On 
Prayer ao a Form of Phyoical Energy-Vitality-Matter and Force-Scientific Ma­
teri&liam-An Addre11 to Studenta-Sclentific Uae of, the Imagination-The Belfaot 
Addreaa-Apology for the Belfut Addreaa-The Rev. ]A>IIIS MARTINEAU and the 
Belfaot Addreas-Fermentarion, and ita Bearinga on Surg,ery and Medicine-Span· 
taneous Generation-science and Man-Profeaaor VtRCHow and Evolution-The 
Electric Light. 

NEW FRAGMENTS. Crown 8vo., 1os. 6d. 
CoNTENTs.- The Sabbath-Goethe'• • Farhenlehre ·-Atoms, Moleculea, and Ether Waves 

-Count Rumford-Louis Paateur, hia Life and Laboura-The Rainbow and its Congeners­
Addreaa delivered at the Birkheck lnatitution on October 22, 18134-Thomas Young-Life in the 
Alpa-About Common Water-Peraonal Recollection• of Thomaa Carlyle-On Unveiling tlie 
Statue of Thomaa Carlyle-On the Origin, Propagation, and Prevention of Pbthiaio-Oid 
Alpine jottinga-A Morning on Alp Luagen. 

LECTURES ON SOUND. With Frontispiece of Fog-Syren, and 
203 other Woodcuts and Diagrams in the Text. Crown Svo. , IOS. 6d. · 

HEAT, I\ MODE OF MOTION. With 125 Woodcuts and 
Diagrams. Crown Svo., 121. 

LECTURES ON LIGHT DELIVERED IN THE UNITED 
• STATES IN 1872 AND 1873- With Portrait, Lithographic Plate, and 59 

Diagrams. Crown 8vo., SS· 

ESSAYS ON THE FLOATING MATTER OF THE AIR IN 
RELATION TO PUTREFACTION AND INFECTION. With 24 Wood­
cuts. Crown 8vo .. 7s. 6d. 

RESEARCHES ON DIAMAGNETISM AND MAGNECRY-
STALLIC ACTION; including the Question of Diamagnetic Polarity. Crown 
8vo. , 121. 

NOTES OF A COURSE OF NINE LECTURES ON LIGHT, 
delivered at the Royal Institution of Great Britain, 186g. Crown 8vo. , IS. 6d. 

NOTES OF A COURSE OF SEVEN LECTURES ON 
ELECTRICAL PHENOMENA AND THEORIES, delivered at the Royal 
Institution of Great Britain, 1870. Crown 8vo., u . 6d. 

LESSONS IN ELECTRICITY AT THE ROYAL INSTI-
TUTION t875·1876. With 58 Woodcuts and Diagrams. Crown 8vo. , 21. 6d. 

THE GLACIERS OF THE ALPS: being a Narrative of Excur­
sions and Ascents. An Account of the Origin and Phenomena of Glaciers, and 
an Exposition of the Physical Principles to which they are related. With 
numerous lllustrations. Crown 8vo. , 6s. 6d. net. 

FARADAY AS A DISCOVERER. Crown 8vo., 3s. 6d. 
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TEXT-BOOKS OF SCIENCE. 

PHOTOGRAPHY. By Captain W. DE 
WIVELESLIE ABNEY, C.B., F.R.S. , 
Director for Science in the Science 
and Art Department. With ISS 
Woodcuts. Price 3'· 6d. 

THE STRENGTH OF MATERIALS 
AND STRUCTURES: the Strength 
or Materials as depending on their 
quality and as ascertained by Tming 
Apparatus ; the Strength of Structures, 
as depending on their form and 
arrangement, and on the materials or 
which they are composed. By Sir J. 
ANDERSON, C.E. , etc. With 66 
Woodcuts. Price 3'· 6d. 

RAILWAY APPLIANCES. A Descrip­
tion of Details of Railway Construction 
subsequent to the completion of 
Earthworks and Structures, including 
a short Notice of Railway Rolling 
Stock. By }OHN WOLI'E BARRY, 
C. B., M.I.C.E. With:nBWoodcuts. 
Price+J. 6d. 

INTRODOCTION TO THE STUDY 
OF INORGANIC CHEMISTRY. 
By WILLIAM ALLEN MILLER, M.D., 
LL.D., F.R.S. With 72 Woodcuts; 
Price 3'· 6d. 

QUANTITATIVE CHEMICAL ANA­
LYSIS. By T. E. THORPE, F.R.S. , 
Ph.D., Professor of Chemistry in the 
Royal College of Science, London. 
With 88 Woodcuts. Price+'· 6d. 

QUALITATIVE CHEMICAL ANA­
LYSIS AND LABORATORY 
PRACTICE. By T . E. THORPE, 
Ph.D., D.Sc., . F.R.S. , Principal 
Chemist of the Government L:\bora­
tories, London, and M. M. PATTISON 
MUIR, M.A. With Plate of Spectra 
and 57 Woodcuts. Price 3'· 6d. 

INTRODUCTJO.N TO THE STUDY 
OF CHEMICAL PHILOSOJ'HY. 
The Principles or Theoretical and 
Systematic Chemistry. By WIU.IAM 
A. TILDEN, D.Sc., London, F.R.S., 
Professor of Chemistry at the Royal 
College of Science. With S Wood­
cuts. With or without Answers to 
Problems., Price +'· 6d. 

ELEMENTS· OF ASTRONOMY. By 
Sir R. S. Ball, LL.D., F.R.S., 
Lowndean Professor of Astronomy in 
the UniverSity of Cambridge. With 
130 Woodcuts. Price 6s. 6d. 

SYSTEMATIC MINERALOGY. By 
HILARY BAUERMAN, F.G.S., ASS<> 
ciate of the Royal School or Mines. 
With 373 Woodcuts. Price 6s. 

DESCRIPTIVE MINERALOGY. Br 
HILARY BAUERIIAS, F.G.S., et~ 
With 236 Woodcuts. Price 6s. 

METALS, THEIR PROPERTIES 
AND TREATMENT. By C. L. 
BLOXAM and A. K. HUNTINGTON. 
Professors in King's Coll~e, Londora. 
With 130 Woodcuts. Price SS· 

PHYSICAL OPTICS. By R. T. 
GLAZEBROOK, M.A., F.R.S. , Fellow 
and Lecturer of Trinity College, and 
Demonstrator ol Physics at the 
Cavendish Laboratory, Cambridge. 
With 183 Woodcuts. Price 6s. 

PRACTICAL PHYSICS. By R. T. 
GLAZEBROOK, M.A., F.R.S., and W, 
N. SHAW, M.A. With 134 Woodcuts. 
Price 71. 6d. 
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TEXT-BOOKS OF SCIENCE-OrneA'nu.rt~. 

PRELIMINARY SURVEY. By THEO­
DORE GRAHAM GRIBBLE, Civil 
Engineer. Including . Elementary 
Astronomy, Route Surveying, Tacheo­

·metry, Curveranging, Graphic Men­
suration, Estimates, Hydrography, 
and Instruments. With 130 Illus­
trations, Quantity Diagrams, and a 
Manual of the Slide-Rule. Price 6s. 

ALGEBRA AND TRIGONOMETRY. 
By WILLIAM NATHANIEL GRIFFIN, 
B.D. Price ;v. 6d. Notes on, with 
Solutions of the more difficult Quest­
ions. Price 3S· 6d. 

THE STEAM ENGINE. By GEORGE 
C. V. HOLMES (Whitworth Scholar), 
Secretary of the Institution of Naval 
Architects. With 212 Woodcuts. 
Price 6s. 

ELECTRICITY AND MAGNETISM. 
By FLEEMING JENKIN, F.R.SS. , L. 
& E. , late Pro(essor of Engineering 
in the University of Edinburgh. 
With 177 Woodcuts. Price 3S· 6d. 

THE ART OF ELECTRO-METAL­
LURGY,includingall known Processes 
of Electro-Deposition. By G. GoRit, 
LL.D. , F.R.S. With 56 Woodcuts. 
Price 6s. 

TELEGRAPHY. By W. H. PREECE, 
C.B. , F.R.S. , V.P.Inst. , C.E., 
Engineer-in-Chief, and Electrician, 
Post Office Telegraphs, and Sir J. 
SIVEWRIGHT, M.A. , K.C.M.G. 
With 258 Woodcuts. Price 6s. 

THEORY OF HEAT. By J, CLERK 
MAXWELL, M.A., LL.D., Edin., 
F.R.SS., L. & E. New Edition. 
With Corrections and Additions by 
Lord Rayleigh, Sec. R. S. With 38 
Woodcuts. Price+'· 6d. 

TECH ~HCAL ARITHMETIC AND 
MENSURATION. By CHARLES 
W. MERRIFIELD, F.R.S. Price 3S· 
6d. Key,bytheRev. }OHN HUNTER, 
M.A. Price 3S· 6d. 

THE STUDY OF ROCKS, an Ele­
mentary Text-Book of Petrology. 
By FRANK RUTLEY, F.G.S. , of Her 
Majesty's Geological Survey. With 
6 Plates and 88 Woodcuts. Price +'· 
6d. . 

WORKSHOP APPLIANCES, including 
Descriptions of some of the Gauging 
and Measuring Instruments-Hand­
Cutting Tools, Lathes, Drilling, 
Planing, and other Machine Tools 
used by Engineers. By. C. P. B. 
SHELLEY, M.l.C.E. With an ad· 
ditional Chapter on Milling. By R. 
R. LISTER. With 323 Woodcuts.. 
Price SS· 

ELEMENTS OF MACHJNE DESIG~. 
ByW. CAWTHORNE 0NWIN, F.R.S., 
B.Sc., M.I.C.E. PART I. General 
Principles, Fastenings, and Trans­
missive Machinery. With304 Wood­
cuts. Price 6s. PART 11. Chiefly 
on Engine Details. With 174 Wood­
cuts. Price +'• 6d. 

STRUCTURAL AND PHYSIOLOGI­
CAL BOTANY. By Dr. OTTO 
WILHELM THOME, Rector of the 
High School, Cologne, and A. W. 
BENNETT, M.A;, B.Sc. F.L.S. With 
6oo Woodcuts and a coloured Map. 
Price 6s. 

PLANE AND SOLID GEOMETRY. 
By H. W . WATSON, M.A .. formerly 
Fellow of Trinity College, Cambridge, 
Price 3S· 6d. 
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ADVANCED SCIENCE MANUALS. 

•.,• Writtm specially to meet the'requirements of the ADVANCED STAGE of 
Science Subjects as laid down i11 the. Syllabus of the Directory of tlze 
SCIENCE AND ART DEPARTMENT, SOUTH KENSINGTON. 

BUILDING CONSTRUCTION. By 
the Author of 'Rivington's Notes on 
Building Construction'. With 385 
Illustrations and an Appendix of 
Examination Questions. Crown 
8vo., 4'· 6d. 

THEORETICAL MECHANICS. 
Solids, including Kinematics, Statics, 
and Kinetics. By A. THORNTON, 
M.A., F.R.A.S., With 220 Illustra­
tions, IJO Worked Examples, and 
over900 Examples from Examination 
Papers, etc. Crown 8vo. , 4'· 6d. 

HEAT. By MARK R. WRIGHT, Hon. 
Inter. l:I.Sc. Lond. With 136 Illus­
trations and numerous Examples and 
Examination Papers. Crown 8vo., 
4'· 6d. 

LIGHT. By W. J. A. EMTAGE, M.A. 
With 232 lllustrations. Cr. 8vo., 6s. 

MAGNETISM AND ELECTRICITY. 
By ARTHUR WILLIAM POYSER, M.A. 
With 317 Illustrations. Crown Svo., 
4'· 6d. 

INORGANIC CHEMISTRY, THEO­
RETICAL AND PRACTICAL. 
A Manual for Students in Advanced 
Classes of the Science and ar't Depart­
ment. By WILLIAM }AGO, F.C.S., 
F.I.C. With Pla~e of Spectra and 78 
Woodcuts. Crown Bvo., 4'· 6d. 

GEOLOGY: a Manual for Students in 
Advanced Classes and for General 
Readers. By CHARLES BIRD, B.A. 
(Lond.). F .G.S. With over 300 Illus­
trations, a Geological Map of the 
British Isles (coloured), and a set of 
Questions for Examination. Crown 
8vo., 7s. 6d. 

HUMAN PHYSIOLOGY : a Manual for 
Students in advanced Classes of the 
Science and Art Department. By 
JOHN THORNTON, M.A. With 268 
lllustrations, soml! of which are 
Coloured, and a set of Questions for 
Examination. Crown 8vo., 6s. 
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